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aq. »*• aqueous 

atm. "■ atmospheric or atmosphero(s) 
at, vol. «■ atomic volume(s) 
at. wt. « atomic weight(s) 

T° or °K » absolute degrees of temperature 
b.p. » boiling polnt(s) 
e° *■ centigrade degrees of temperature 
coeff. « coefficient 

cone. ■« concentrated or concentration 

dil. m dilute 

eq. — equivalent(a) 

f.p. =■ freezing point(B) 

zn.p. ■» melting point(s) 

mol(B) => |grMn-moleoule(B) 

' ' [gram-molecular 

"W-fiSflS’ 

mol. ht. =* molecular heat(s) 

mol. vol. ** molecular volumo(s) 

mol. wt. *= molecular weight(s) 

presB. *= pressure(B) 

sat. ■» saturated 

soln. « solution (s) 

sp. gr. » specific gravity (gravities) 

sp. ht. — specific heat(s) 

Bp. vol. ■* specific volume(fl) 
temp. temperature(s) 
vap. « vapour 

In the Gross references the first number in clarendon type is the number of the 
volume ; the second number refers to the chapter ; and the succeeding number refers to the 
section. Thus 6. '88, 24 refers to § 24, chapter 98, volume 5. 

The oxides, hydrides, halides, sulphides, sulphates, carbonates, nitrates, and phosphates 
are considered with the basic elements ; the other compounds are taken in connection with 
the acidic element. The double or complex salts in 'connection with a given element include 
those associated with elements previously discussed. The carbides, silioidea, titanides, 
phosphides, arsenides, etc., are considered in connection with carbon, silicon, titanium, etc. 
The intermetallio compounds of a given element include those associated with elemente 
previously considered. 

The use of triangular diagrams for representing tbo properties of three-component 
systems wob suggested by G. G. Stokos (Pros. Hoy, Soc 40. 174, 1891). The method was 
immediately taken up in many directions and it has proved of great value. With practice it 
becomes as useful for representing the properties of ternary mixtures as squared paper is for 
binary mixtures. The principle of triangular diagrams is based on the faot that in an equi- 
lateral triangle the sum of the perpendicular distances of any point from the three sides is 
a constant. Given any three substances A, B, and C, the composition of any possible 
combination of these can be represented by a point in or on the triangle. The apioee of the 

xi 
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triangle represent the single components A, B t and C, the sides of the triangle represent binary 
mixtures of A and B, B and C, or C and A ; and points within the triangle, ternary mixtures. 
The compositions of the mixtures can be represented in percentages, or referred to naity, 10, 
otc< In Fig. 1, pure A will be represented by a point st the apex marked A , If 100 be the 




CHAPTER LXIII 


URANIUM 

§ 1. The History of Uranium 

The black mineral called pitchblende from Joachimsthal in Bohemia and Johann- 
goorgonstadt in the Erzgebirge of Saxony was recognized by the early mineralogists, 
but they were puzzled with its classification. In 1727, F. E. Briickmann 1 called 
it Schwarz Beckcrz ; J. G. Wallcrius, Beckbldndc , or pseudogalena jncca — that is, a 
pitchy zinc blende ; and I. Eques a Born, Pitchblende, or pmdogahna nigra compacta . 
J. G. Wallerius, I. Eques a Bom, and M. T. Briinnich classed the mineral among 
the zinc ores ; but A. G. Werner transferred it to the iron ores, and called it Pech - 
blende , or Etsenpecherz ; and later, A. G. Werner suggested that the mineral might 
contain the metallic radical tungsten or wolfram. In August, 1786, M. H. Klaproth * 
read a paper : Chemisette Vntersuchungen des Uranerzes, in which he showed that 
the mineral partly dissolves in aqua regia, and that the cold, clear Boln. when treated 
with alkalies deposits a yellow oxide. A soln. of the precipitated oxide in sulphuric 
acid gave crystals of a lemon-yellow sulphate ; in nitric acid, crystals of greenish 
nitrate ; in hydrochloric acid, yellowish-green crystals of the chloride ; in vinegar, 
topaz-yellow crystals of the acetate ; and in phosphoric acid, amorphous, yellowish- 
white floe culi of the phosphate. He thus proved that 11 the mineral does not 
belong to the ores of zinc, to those of iron, nor yet to those of tungsten or wolfram, 
and, in general, to none of the metallic substances hitherto known ; but, on the 
contrary, it consists of an eujenthumliche , uelbstandige, metall ische Substanz. Con- 
sequently, its former designations pitchblende, pitchironstone, etc., are no longer 
applicable, and must be replaced by another more appropriate name. I have 
chosen that of ivramte t as a kind of memorial that the chemical discovery of this 
new element happened in the epoch of the astronomical discovery of the planet 
Uranus.” At the beginning of his memoir M. H. Klaproth Baid : 

The ancient philosophers, who considered our globe as the centre of the material 
universe ; and the sun on the contrary, merely as a planet destined, like the others, to a 
periodical circumvolution round the earth, flattered themselves that they had discovered 
a great mystery of nature, in the agreement oi the seven celestial bodies which they assumed 
for planets, with the seven metals known in those times. In consequence of the various 
hypotheses which they founded on this supposed mystery, they allotted to each metal a 
certain planet, by whose astral effluvia its generation and maturation were to be promoted. 
In like manner they took from these planets their names and symbols, to designate the 
metals subordinated to them. However, as the above number of metals has long since 
been increased by later researches ; and os the discovery of now planets has not kept pace 
with that of metals, the metals newly discovered have been deprived of the honour of 
receiving their names from the planets, like tlio oldor ones. 

M. H. Klaproth called the element uranium— after the planet Uranus, at that 
time the dernier art of celestial exploration. J. G. Leonhard i 3 suggested naming 
it klaprothium, in honour of its discoverer. The etymology of the term uraniam 
was discussed by P. Diergart, and H. von Preudenberg. 

In 1?89, M. H. Klaproth found uranium in green mica, the mica viridit of 
I. Eques a Born. A. G. Wemer had named the mineral torberite — after Torber 
I Bergman — or torbonite — the latinized form Torbernus as written by T. Bergman 
*' himself. Objections were raised to naming minerals after persons, and A. G. Werner 
vol. xii. 1 B 
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substituted the term chalcolite— bom %a \kos, copper — signifying, us he said, a 
cupriferous mineral, in allusion to T. Bergman’s analysis indicating that the mineral 
is muriated copper and day. After M. H. Klaproth had shown that the mineral 
oontains uranium and not copper as the dominant base, A. G. Werner, and 
D. L. G. Karsten dropped the term chalcolite, and called it uranium mica — Vran~ 
glimmer. M. H. Klaproth called it uranites spathosus ; A. Breithaupt, wanphyUite, 
and cuprouranite ; A. Aikin, uranite ; whilst W. H. Miller, and J. D. Dana kept the 
old term of A. G. Werner, tobemite. 

M. H. Klaproth heated a mixture of yellow uranium oxide with a reducing 
agent, and obtained a black powder which he considered to be metallic uranium. 
He said: 

I triturated 120 grains of the yellow oxide to a paste with linseed oil, and caused the 
oil gently to burn on a sherd. Thorp remained 80 grains of a heavy black powder which I 
exposed in a well-secured charcoal crucible to the medium heat of a porcelain kiln. . . * 
The metallized Oxide of pitchblende forms a heavy, loosely coherent mass which by friction 
between the fingers can bo divided into a dark brown powder possessed of a metallic 
lustre. 

This result was confirmed by J. B. Richter, 4 C\ F. Bucholz, A. Sohonberg, 
L. R. Lecanu and M. Serbat, J. A. Arfvedson, and J. J. Berzelius between the years 
1792 and 1823, This is strange. E. M. P41igot, in his Recherches mr Vuranc (1841), 
pointed out that a mistake bad been made. The supposed uranium was really 
the lowest oxide, UO z — or possibly a mixture of that oxide with uranium— derived 
from yellow uranium oxide by reduction with carbon. E. M. P61igot obtained 
elemental uranium by reducing the tetrachloride with sodium. The history of 
uranium has been discussed by J. L. C. Ziramermann. 5 
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§ 2. The Ooamim* of Uranium 

Uranium does not occur native, but it occurs in a few scarce minerals, and is 
sparsely distributed in the earth’s crust. According to F. W. Clarke and 
H. 8. Washington, 1 the average proportion of uranium in the igneous rocks of the 
earth’s crust is 8 X 10 ~ 5 per cent. ; J.H.L. Vogt estimated nx 10 8 per cent. They 
added that, in general, uranium is nearly as abundant as copper. W. Vernadsky 
gave 0‘0 6 3 per cent, for the proportion of uranium, and 0*0 4 5 for the atomic pro- 
portion of uranium in the earth’s crust. W. and J Noddack and 0. Berg gave 
7x10 8 for the absolute abundance of uranium in the earth’s cmt. The general 
subject was discussed by H. S. Washington, W. Lindgren, 0. Tammann, E. Herlinger, 
A. von Antropoff, 0. Hahn, W. and J. Noddack and 0. Berg, J. Joly, V. G. Khlopin 
and M. A. l’asvik, and R. A. Bonder. 

H. A. Rowland, 2 C E. St. John, M. N. Saha, and C. C. Hutchins and E. L. Holden 
classed uranium with the elements whose presence in the sun is doubtful. 
J. N. Lockyor attributed to uranium the lines 3931*0, 3943*0, and 3965*8 in the 
solar spectrum, but the measurements of B. Hasselberg made this doubtful. He 
found that 75 per cent, of the principal uranium lines arc absent from the solar 



Fig 1 . — The Geographical Distribution of Uranium Ores. 

spectrum. Against this, G Meyer and H. Greulich found that if less than 7 per 
cent, of uranium be present, the spectrum of uranium is obscured by the spectral 
lines of the other metals. The relatively large proportion of iron in the sun is 
sufficient to account for the observations of B. Hasselberg without accepting the 
inference that uranium is absent from the sun. J N. Lockyer reported uranium 
lines in the spectra of the colder stars. This, and the reports of H. von Sieliger 
and H. Kienle are doubtful. E. Paneth and co-workers found in 17 meteorites 
an average of 2*3x10 6 grm. per gram. 

The geographical distribution of uranium oreB is illustrated by Fig 1.3 The 
main localities are as follow : 

Europe, — Virtually all the pitchblende of the British Isles 4 is obtained from Cornwall 
Redruth, Providence, Wheal Gorland, South Basset, Wheal Edwards, end St. Bay. A 
httle has been reported m Devon. Uranium minerals occur near Limoges, and at 
Symphonen, near Autun, in France. There is also a small deposit near Vielsalm, in 
Belgium, and one in Bergell. 8 There is a deposit in Portugal , 1 east and west of Viseu. 
Thera is a deposit in Turkey near Adrianople. Uranitim minerals have been found in 
Btinla Lotsmanska j a, near Ekaterinoslav ; Khutor Golowin, near Shitomit ; Wolf 
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Island, Lake Omega ; Carelia, Arctic Coast— vide infra, Asia. The ore also occurs near 
Moss, Annerod, Elvestad, Huggen&skilen, Skraatrop, and Arendal in NorWIJfi 1 Deposits 
have been reported in Germany 1 — Saxon Voigtland, Schw&rzw&ld, Falkanstein, and 
Steinig, and in the Siebengebirge. In Saxony — Freiburg, Dippoldeewalde, Niedersohlag, 
Sehneeberg, Johanngeorgenstadt, Breitenbrunn, Gotteeburg, Maricnberg, Eibenstock, and 
NeustttdteT. In Behead* — Joachimathal, Pribram, Zinnwald, and Neudeok ; at W disen- 
berg, Bavaria ; and at Rozbanya in Hungary. 

Asia* — There is an occurrence of mendeltaffite, etc., near Sludjanka in Transbaikalia, 
Siberia ; 10 and in Turkestan, at Tjaja Mujun, Frialaj Mountains, Ferghaua. Deposits 
in India 11 have been reported in Bengal ; Piohhli and Banekhap in Gaya District, and 
Bapur Taluq, Nellore district, Madras; on Abraki Pahar, east of Banekhap, Central 
India ; and in Ceylon. There is also a deposit in Burma, 11 and autunite occurs at the 
Beau Site, Caoson, Nguyen -Binh, and Pia Quae, Cuobang ; south of Andijan, Siberia ; 18 
and in the islands of Japan . 14 

Africa. — There are deposits of uranium minerals at Katanga, Belgian Oongo , 14 and at 
Morogoro district, Tanganyika Territory. 14 

Madagascar. 17 — Betafo. 

America . 11 — Uranium deposits have been reported in Canada — Villeneuve Mica Mines, 
Ottawa Co., Quebec (pitchblende) ; Mybla, Hastings Co. ; Peterborough Co. (uraconite) ; 
Mica Lake, Berthier Co., Quebec (samarskite) ; Lake PiedB dee Monts, Charleroix Co. 
(pitchblende) ; Kearney Sound, Toronto ; Pary Sound, and Butt, Georgian Bay, Ontario 
(pitchblende). Uranium ores have been reported from many parts of the United States . 11 
There are small deposits in Arizona ; Connecticut — Middletown, Glastonburg, and Branch - 
ville ; North Carolina — Mitchell and Alexander Co. ; South Carolina— Marietta ; Colorado- - 
Black Hawke near Central City, Long Park, Jimtown, Placesville, and Quartz Hill, Gilpin 
Co. ; South Dakota — Bald Mountain District, Black Hills ; Massachusetts — Chesterfield ; 
Montana — Pola Mesa, north of La Sal; Nevada — Wabuska ; New Mexico — Tyrone, and 
White Signal mining district, Grant Co. ; New Hampshire — Acworth ; Texas — Llano Co. ; 
Utah — Silver Reef, Mammoth Mine in the Tintic District, Moal, East of the San Rafel swell, 
and 25 miles south-east of Green River ; and Wyoming- Lusk (urannphane). Uranium 
also occurs in Venezuela *4 — Montanas Negras ; in Peru , 11 near Quisque ; and in Placer de 
Guadeloupe, Chihuahua, Mexico ; in Minas Geraes, Brazil ; and in Salvador, Central America. 

Australasia. 11 — Uranium deposits occur at Mount Painter, Radium Hill, Olasy, South 
Australia ; and Wodgina, West Australia. 

The world’s production of uranium minerals is, in long tons, approximately : 
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United States 




. 12,954 
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The uranium minerals have been discussed by B, Szilard , 23 C. Baskerville, etc. 
Many of these have been treated in connection with the rare earths. The following 
are the more important of them arranged alphabetically : 

Ampangabelte, a hydrated uranyl tantaJocolumbate with 10*4 per cent. UO,. Anneroe- 
dlte is a pyrocolumbate of uranium, yttrium, cerium, and calcium ; it has roughly about 
16 per cent. UO , — vide columbium. Autunite is also called uranite, and lime-uranium 
mica. In the idealized case, it can be represented by Ca(U0o),(P0 4 ),.8H,0, and approxi- 
mates 65 to 62 per cent. UO,. BeoquereUte, (Pb,U0,)0.2H,O. Set&llte, a hydrated 
uranium columbatotitanate with 27*15 per cent. UO,. Blomstrandlte is 'a uranium 
columbatotantalate with about 23 per cent. UO , — vide rare earths. BnggHe is a variety of 
fergusonite. Brannevtte, a complex titanate, 2RO.R,O a .3RO t .3UO a .18TiO,.4H,O v con- 
taining rare earths, 10-3 per cent. UO,, and 33*5 per cent. UO,. Brdggarite is a variety of 
uraniviite, or pitchblende, approximating 76 to 79 per cent. UO,.UO,. Caraetlte in the 
idealized case approximates K,O.2U0,.V,0 6 .3H,O v approximating 62 to 66 per cent. 
UO , — vide vanadium. Chalcolite— a synonym of torbernite. Chlnkolobwlt 12U0,. 
5SiO,.14H a O. GUrkette, (Na,Ca,Pb)0.3U0 a .3H,0. Clcvelte, a variety of uraninite with 
about 66, per cent. UO,.UO,. Coradte is a calcium uranyl uranato approximating 
59 per cent. UO,. Oupfosutunlte, CuO.2UO a .P a O,.10H f O, a cupriferous torbernite. 
Guprouronlte, one of the names for uraninite. Gurite, Pb0.5U0 a .4H a 0 ; Cyrtoilte, 
altered zircon. Dewtodtlte, Pb(U0,),.(P0 4 ),.3H,0. DumoflUte, 2Pb0.3UO a .P,0,.5H | G. 
EMgtte — vt de uranothallite. EUlglte, or pittinite, is a variety of gummite approximating 
(Pb,Ca,Ba)U,8i0 il .6H,0, and approximates 61 to 67 per cent. U0 a . Euxetllte is a 
titanocolunibate of yttrium, erbium, cerium, thorium, and uranium with 4 to 16 per cent. 
UO , — vide rare earths. Fergusenite, including bragite and tyrite, is a metacoluinbate 
tantalate of yttrium and other rare earths, calcium, and uranium ; and it contains 1 to 8 per 
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cent. \ t O, — vide rare earths. Flutheriie is uranothaliite. ■ Fettthmariertte approximates 
l>bO,4UO a .6HjO. Fritaehette, (U,Mn,V)PO 4 .H a 0k ORphilte is a complex sulphate, 
(Cu,Ke f Na a )O.UO 3 .SO 9 .4H s 0, the same as phannite. titammite, including pittinifce, is a 
decomposition product of pitchblende with 61 to 75 per cent. UO s . HstdMttoUto is a 
uranium columbatotantalate with up to about 16 per cent. UO a — vide rare earths. 
Ianthlnlte is 2UO a .7H s O. Johannlte is a uranium sulphate containing some copper, and 
approximates 67 per cent. XJO B . L&mbarttte is a form of uranophane, KreoUte is 
Pb(U0 a )(8i0 4 ).H a 0. Ueblgite is a hydrated calcium uranyl carbonate approximating 
uranothaliite ; and to OaOO a .(UO a )CO s .20H t O. It has about 38 per. cent. UO*. MkMb* 
toshlte is a uranothorium silicate with about 22 per cent. UO a — vide rare earths, rfiftUHdfts is 
2(Pb,Ca)0.3Th0 a ,4U0 a .8Si0 a ^3H a 0, Medjldlte is a variety of uranochalcite and calcium 
uranyl sulphate. MendelbefKUe is a hydrated titanocoLumbate containing 23*5 per cent. 
U a 0 8 , 15 per cent, of CaO, together with some lead, iron, and rare earths. Haglts is a 
silicate approximating 28*27 per cent. U. Kastman, a variety of pitchblende. Hlvenlte 
is a decomposition product of nasturan with about 67 per cent. U a O a ; and nohllte, a 
decomposition product of samarskitc with about 14 per cent. uO a » ParsQDjte is 
Pb a (U0 1 )(P0 4 ) a .H a 0. PhosphursnyUte is a uranyl phosphate, (U0 a ) a (P0 A )..6H B 0, with 
71 to 78 per cent. UO a . PUbarite approximates PbO.UO a .ThO ft .2SiO l .4H l O with about 
27 <09 per cent. UO . — vide rare earths. Pitchblende — also called uraninite, and nastura n-+~ 
is approximately UbO^ with some lead uranate, and contains 75 to 85 per cent, of UO a . 
It also contains rare earths, etc. Pttttnlte is a decomposition product of pitchblende. 
Polyerase is a columbatotantalate of ytterium earths with 0*5 to 20 per cent. TJO a - vide rare 
earths. Priori te is UO..UO a with about 3 24 per cent, of thoria — vide rare earths. Randtte 
is a calcium uranyl carbonate with about 32 per cent. UO a ; and rauvlte, a calcium uranyl 
vanadate, CaO.2UO a .6V a O B .20H a O — vide vanadium. Reniutllte is Pb0.4U0 B ,F B 0 a .9H a 0. 
Rogeiflte is the same as nohlitc. Ruthertordlne is a carbonate of uranyl, lead, etc., with 
about 60*5 per cent. U. This is not rutherfordite, a cerium variety of fergusonite vtde 
rare earths. Samanklte— and yttrioilmenite — is a complex columbatotantalate of yttrium, 
uranium, cerium, iron, etc., containing 10 to 15 per cent. UO f — vide rare earths. 
Samlretflte is a titanatocolumbato of lead, uranium, etc., with 21 -2 per cent, of UO t . 
Sehoepfte is UO a .2H a O. SehiMdnglte is a uranium carbonate with calcium Bulphate. 
SUodowiUte approximates Mg0.2U0 a .28i0 a .7H a 0. Soddtteis 12UO a .58iO fl .141I a O. Stsssite 
is 4Pb0.8U0 3 .3P a 0 a .12H 1 0. ThorUnlte is an oxide of thorium, uranium, zirconium, 
leed.virori, and rare earths containing 4*1 to 10*4 per cent. U — vide thorium. Thoro- 
gummlte is a hydrated uranyl thorium silicate containing about 22 per cent. UO a — vide 
rare earths, and thorium. Toddlte is a variety of eolumbito with some manganese and iron 
replaced by uranium; it contains about 11 per cent, of U a O B . Torbarite, or torbemlte, is 
also called chalcolite, cuprouramte, and uranium mica. It is a hydrated uranyl copper 
phosphate with 56 to 62 per cent. UO„ and approximates Cu(UO a ) a (PO i ) l .8H a O. Trdgsrlte 
is a hydrated uranyl arsenato approximating (U0 a ) l (As0 4 ) a .12H|0, ^and it contains 
about 64 per cent. UO B — tnde arsenates. Tyrlte is fergusonite. Tyaonlte is a hydratod basic 
sulphate of uranium, calcium, copper, and iron, containing 60 to 80 per cent. U. Tyuyi- 
muyunlte is CaO,2UO a .V a O a .nH . Ulrlchlte is a plumbiferous trioxide of uranium. Uraeonlte 
contains uranium sulphate and approximates 66 to 71 per cent, of U b O„. Uraninite, and 
unuKOtemnlte are the same as pitchblende — uranlte — vide uranite. Uranium oehre is 
uracouite. Uranmolybdate is a uranium trimolybdate. Uimnoahalolte, or uranium green, 
is a hydratod calcium uranyl sulphate with 30 to 36 per cent, of U s O a . Uranodrdte Is 
a barium uranyl phosphate, 8a(U0 B ) l (P0 4 ) a .8H B 0, with about 47 per cent. U. 
Uranophane is related to uranotile and approximates Ca0.2UO a .2SiO a .6H t O, having 53to 67 
per cent. UO a . Uranoplllte is a calcium uranyl sulphate with about 77 per cent. UO a . 
UranopitahUande-H vide pitchblende. Uranospharite is a hydratod bismuth uranate, 
(BiO)gU b 0 7 .3H b 0, with about 50 per cent. UO a . Uranosplnlte is a calcium uranyl arsenate, 
Ca(U0|)|(AsO A ) a ,8H|O, with about 49 per cent. U —vide arsenates. Uranothaliite, also 
called flutherito, is a hydrated calcium uranyl carbonate, 2CaCO a .U(CO a ) a .10H 1 O, 
approximating 31 to 32 per cent. U. Uranothorite, thorite with a high proportion of 
ura n iu m . Uranotile is a hydratod calcium uranyl silicate with about 66*75 per cent. UO a . 
Vletlngheflte, a ferruginous derivative of samarskite with about 9 per cent. UO B . VogUanlte 
resembles zippeite, with 12 per cent. U a O a . VogUte is a copper uranium carbonate, 
(UO a )Cu(OO a ) s .10H a O, with about 35 per cent. U. Walpurglte is a basic bismuth uranyl 
arsenate, (UO.) a Bi| 0 (OH) M (AsO 4 ) 4l with about 16-0 per cent. \J-—vide arsenates. Yttreeralte 
is a titanate of yttrium, thorium, and uranium with about 2*22 per cent. U — vide rare earths. 
Yttrogummlte is the end-produot of the decomposition of cleveite, and has about 20 per 
cent. UO a — vide rare earths. Yttrotantalite is a columbatotantalate of yttrium, cerium, 
etc., with 0*8 to 5 per cent. UO B — vide columbium. Zounerite is a copper uranyl arsenate, 
Cu(U0 a ) a (AsO 4 ) a .8H a O, with about 56 per cent. UO a — vide arsenates Zippeite is a basic 
uranyl sulphate with 13 to 17 per cent. U s O| — vide voglianite. ZlrfceUte contains about 
1-3 per cent, uranium. 

Many other minerals have uranium as an accessory constituent. K, A. Hofmann 
and F k Zerban 24 reported 0*31 per cent. U 8 0 8 in cBSckynite ; E. Rimann, in bodenr 
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benderite ; G. P. Tschemik, 003 per cent. U in mite ; M. E Pennington* and 
B. Szilard, 048 per cent., and H. V. Ellsworth, 11 per cent. U 8 0 8 in ootuwbite. 
D. Mawson described iavidite — named after T. W. E. David — as a titanium-iron 
mineral carrying rare earths and uranium. From the imperfect description it 
might be a variety of ilmenite. F. Zambonini found 9*87 per cent. DO a in 
ddormzite ; H. Lange, 203 per cent. U0 2 in a red Greenland fluorspar ; F. Katzer, 
5 per cent. UO2, and B. Szilard, 0 to 4 per cent. U in hjdmite ; F. Katzer, 0-43 per 
cent. UO3 in kaohdite ; B. Szilard, 1-3 to 10 per cent. U in micrvlite ; K. A. Hofmann 
and F. Zerban, 0-9 per cent. U3O3 in moncuite ; F. Katzer, 1 to 10 per cent. U0 3 , 
and K. A. Hofmann and F. Zcrban, 1 per cent. U 3 0 8 in oranffite ; G. P. Tschemik, 
traces of uranium in orthite ; 0. Hauser, 0*1 per cent. U, and B. Szilard, 0-9 per cent. 
U in risorite ; B. Szilard, 0-3 to 0-5 per cent. U in rotolandiie ; J. W. Mallet, 
F. Katzer, and B. Szilard, up to about 3-26 per cent. U in sipylite ; F. Katzer, and 
B. Szilard, 1 to 10 percent. UO3 in thorite ; F. Katzer, and B. Szilard, about 4 per 
cent. p0 3 , and K. A. Hofmann and F. Zerban, 0-5 to 3-5 per rent. U 3 Oh in xenotime ; 

B. Szilard, up to 10 per cent. U in yUrialite ; W. E. Hidden and C. H. Warren found 
a small proportion of uranium in yttrocrasite, a titan&te of yttrium, thorium, and 
uranium ; H. V. Ellsworth, and T. L. Walker and A. L. Parsons, in eMsworthite ; 
H. V. Ellsworth, lyndochite ; H. V. Ellsworth, thucholite ; D. Guimaraes, eschewegitc ; 

d F. P. Venable observed a little uranium in zircon ; B. Jezek, and A. Krcjci, 
in pi&ckite ; and K. Kimura, in hagatalite. Traces of uranium- and up to 2 to 3 jht 
cent. — have been reported in the kohm, a variety of bituminous coal, of Sweden. 

C. Winkler 25 found that kolm contains 0-06 to 7 per rent. U 3 0 8 . (I. Nordenskjold 
observed that the ash from a bed of carbonaceous sedimentary rock contained 2 to 
3 per cent, of U 3 0 8 . F. Katzer also reported examples of coal-ash containing 2 to 3 
per cent, of U 3 0 8 ; and an anthrawifcic carbon inclusion in pegmatite with 35-43 per 
cent. Oarnotite and vanadium minerals in Utah are associated with the carbon- 
aceous plant residues in the sandstones. A. P. Forjas, and II. de Carvalho reported 
uranium in the mineral waters of Corrcdoura, and Caria, Portugal. 
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§ 8. The Extraction of Uranium tram its Ores 

The chief sources of uranium are pitchblende, also called uraninite, and camotite. 
The early workers, J. A. Arfvedson , 1 and 6 . C. Wittstein, following M. H. Klaproth, 
extracted uranium by digesting powdered pitchblende with nitric acid, or aqua 
regia, evaporating the soln. to dryness ; extracted the soluble matter with hydro- 
chloric acid ; precipitated arsenic, lead, etc., with hydrogen sulphide ; treated the 
filtrate with nitric acid and then with ammonium carbonate ; boiled the soln. and 
digested the precipitated uranium, zinc, and cobalt oxides with cold dil. hydro- 
chloric acid, which leaves the uranium oxide as an insoluble residue. J. Persoz 
boiled the nitric acid soln. with copper oxide or lead oxide and dissolved the pre- 
cipitated uranium and iron oxides in dil. nitric acid ; the soln. was boiled with 
mercuric oxide, and the copper and mercury precipitated by hydrogen sulphide : 
the uranium salt alone remains in soln. J. J. Ebelmen, and E. M. Pfligot roasted 
the ore, and washed it with hydrochloric acid before digesting it with nitric acid. 
L. R. Lecanu and M. Serbat opened the ore by fusion with nitre ; and A. Werner 
by fusion with sodium hydrosulphate, or with hot sulphuric acid. Modifications 
were used by F. Wohler. H. Hermann, I. Werthciin, A. Laugier, G. A. Quesneville, 
J. B. Richter, W. T. Brands, and C. F. Bucholz. These processes are only of 
historical interest. 

At the present time the main purpose in treating uranium ores is the extraction 
of radium, and uranium salts are produced as a by-product. Starting with pitch- 
blende, a complex ore containing variable proportions of uranium— -say 65 to 85 
per cent, 170$-— and also compounds of copper, silver, zinc, thallium, rare earths, 
lead, arsenic, antimony, bismuth, vanadium, cohunbium, tantalum, molybdenum, 
tungsten, manganese, iron, cobalt, nickel, alumina, magnesia, lime, silica, sulphur, 
and selenium — the ore is first concentrated, and then roasted in a reverberatory 
furnace, to remove sulphur, arsenic, and other volatile impurities. Sodium 
carbonate or sulphate, or a mixture of sodium carbonate and nitrate, is 
added to the roasted ore and the mixture fused in the reverberatory furnace. 
This converts uranium into sodium uranate, and sodium vanadate, molybdate, 
tungstate, and arsenate are formed. These salts pass into soln. when the cold 
product is extracted with hot water. The residue is the starting point for the 
extraction of radium. It can be digested with dil. sulphuric acid, which takes up 
any uranium as uranyl sulphate. The excess of acid is removed by evaporation, 
and the residue extracted with water. The residue consists of silica, lead sulphate, 
and basic bismuth sulphate and arsenate. The two extracts are treated with an 
excess of sodium carbonate to precipitate the basic carbonates of iron, aluminium, 
nickel, and cobalt, while the uranium remains in soln. as sodium uranyl carbonate. 
The liquid is boiled. The clear liquid can then be neutralized with dil. sulphuric 
acid, boiled, and evaporated, when sodium diuranate, Na 2 U s 07 . 6 H 2 0 , separates 
as a heavy yellow precipitate. If ammonium carbonate be employed in place of 
sodium carbonate, or if the soln. of sodium uranyl carbonate is boiled with 
ammonium sulphate, ammonium diuranate is produced. If uranium oxide, U 8 O s , 
is desired, the ammonium salt is calcined. The above procedure, more or less 
modified, was described by A. Patera , 2 C. Giseke, E. Vysoky, L. Kessler, C. Mann, 
F. Pisani, R. Arendt and W. Knop, A. T. Elliott, E. F. Anthon, and K. A. Hofmann 
and E. Strauss. A. L. D. d’ Adrian removed the iron as volatile chloride before 
separating the other metals ; R, E. Pearson and E. N. Craig described an electrolytic 
process. 
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In order to obtain uranyl nitrate, the oxide is dissolved in nitrie acid and the? 
soln. crystallized, or the roasted ore may be dissolved in nitric acid and the soln. 
evaporated to dryness* The residue is digested with water, and the filtered soln. 
allowed to crystallise, as in the processes of E. M. Pfligot, and J. J. Ebelmen. 
H. N. McCoy and G. C. Ashman, and E. Wilke-Dorfurt purified the uranyl nitrate 
by recrystallization from water ; and H. C. Bolton also found that in order to get 
rid of vanadium it is necessary to recrystallize uranyl nitrate from water. F. Giolitti 
and G. Tavanti allude to the difficulty in removing alkalies from uranyl nitrate, 
and they succeeded in purifying the salt by dissolving the oxide in nitric acid, 
converting the soln. into one of ammonium uranate, precipitating by the addition 
of ammonia, calcining the product, etc. 

The uranium can be extracted from camotite by fusing the powdered mineral 
with potassium hydrosulphate, and extracting the cold product with water, as 
recommended by G. Gin, J. II. Haynes, H. Schlundt, R. W. Stimson, and 
R, B. Moore and K. L. Kithil. The soln. on crystallization furnishes the double 
sulphates of vanadium and uranium ; these are reduced by zinc and sulphuric 
acid, and the vanadium precipitated from the soln. by the addition of ammonia 
and ammonium carbonate. When the soln. is boiled, ammonium diuranate is 
precipitated. In K. B Thews’s process, the ore containing vanadium, uranium, 
and radium or any of these metals is ground and mixed with two or three times its 
weight of water. The mixture is heated until the water boils and a reducing agent, 
such as hydrogen, and an acid solvent, such as an organic acid, e.g. oxalic acid, or 
a mineral acid, e g. hydrochloric acid, are added. The soln. is removed from the 
gangue and worked up for the metals in any suitable way. In place of hydrogen 
other reducing agents, such as carbon monoxide or formaldehyde, may be used, 
or if excess of hydrochloric acid be used, a metal such as zinc may be added and the 
hydrogen generated m situ. For the processes of K. B. Thews and F. J. Heinle, 
and C. L. Parsons and co-workers, vide the extraction of vanadium. P. Misciattelli 
examined the separation of uranium and thorium by the ether extraction of soln. 
of the mixed nitrates. 

The phosphatic uranium minerals are not usually treated for uranium. In the 
recovery of uranium from laboratory residues, when it is worth while, analogous 
processes can be used to those which have been suggested for the extraction of 
uranium from phosphatic minerals. W. Jani 3 boiled the soln. in sulphuric acid, 
mixed with a little nitric acid, with sodium hydroxide ; suspended the washed 
precipitate in a soln. of sodium carbonate ; and saturated the soln. with carbon 
dioxide. The uranium passes inlo soln., from which it can be recovered in the 
usual way. F. Strohmcr fused for half an hour a mixture of the phosphate with 
four times its weight of sodium and potassium carbonates along with some powdered 
carbon. After treating with hot water and washing until free from soda, the 
residue is dissolved in hydrochloric acid containing a little nitric acid ; and the iron 
and uranium are precipitated by ammonia, and separated by ammonium carbonate. 
An analogous process was used by G. Werther, and by C. F. Mohr. W. Knop 
recommended adding to the hydrochloric acid soln. of the phosphate a mixture of 

! )otassium ferrocyanide and glue, and decomposing the precipitated uranium 
errocyanide with sodium hydroxide ; W. Heintz treated the nitric acid Boln. with 
tin, so as to precipitate stannic phosphate, etc., leaving uranyl nitrate in soln. ; 
E. Reichardt treated the hydrochloric or nitric acid soln. with ferric chloride, then 
with an excess of Bodium carbonate, and filtered the uranium salt soln. from the 
ferric phosphate and hydroxide ; and G. C. Laube, A. Gawalowsky, and E. Reichardt 
precipitated the phosphate by means of mugnesia mixture. 
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§ 4. The Isolation of Uranium 

As previously indicated, up to the time of E. M. Pfligot 1 (1841), observers had 
mistaken uranium dioxide for the element. They obtained what they considered 
to be the 'dement by reducing the ordinary oxide with carbon. This serves to 
show that the carbon reduction process under the conditions which they worked 
does nut proceed far enough. II. Moissan showed that although the uranium 
oxides are not reduced to the metal by carbon at the highest temp, obtainable 
with ordinary combustion furnaces, the metal is readily obtained by the carbon 
reduction process in tho electric furnace, JI. C. Greenwood found that complete 
reduction occurs only when the temp, exceeds 1500°. 

According to II* Moissan, if a mixture of 500 grms. of uranium tritaoctoxide 
and 10 gnus, of sugar charcoal is rammed into a carbon crucible, tho whole i« 
reduced in about 12 minutes in the electric carbon tube furnace ; and on cooling, 
a metallic ingot, weigning 350 grms., and possessing a bright fiaclure, is obtained. 
The metal contains very little carbon ; but if the heating be too long, the metal 
takes up carbon readily, yielding a highly carburized metal, and ultimately the 
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UgCs'Cwbide. To prevent the action of nitrogen on the metal it is best to wotjk 
with 1 carbon tube of the electric furnace closed at one end. H. Moizsan added 
that uranium containing 0-1 to 0-5 per cent, of carbon may be superficially refined 
by heating the fragments’ in a brasque of greon uranium oxide for several hours in 
a forge furnace. To ensure success the crucible containing the uranium oxide 
and metal must be placed inside a second crucible containing a finely powdered 
titaniferous brasque, otherwise the metal produced is yellow, and is covered with 
nitride. J. Aloy also obtained the metal by a similar process. H. Lohmann said 
that carbon may be removed by heating the metal to a temp, near to its m.p. in 
vacuo or in a current of neutral gas. Carbon is vaporized without any oxidizing 
or reducing agents being present. 

J. Aloy found that the oxide is reduced by powdered aluminium in the thermite 
process The reaction is very vigorous. He said that it is better to use U0 2 than 
U 3 0 8 , and he obtained a product with 96-97 per cent. U. A. Stavenhagen and 
E. Schuchard used 30 grms. of a mixture of a mol of U0 3 with 2 mols of aluminium 
and 20 c.c. of liquid air. The reaction goes smoothly and brilliantly — J. Aloy 
added that the product contained a relatively high proportion of aluminium* 
According to F. Giolitti and G. Tavanti, when a mixture of this oxide with excess 
of powdered aluminium is thrown on to the surface of fused aluminium main- 
tained at a vivid red-heat, not alloys of aluminium and uranium, mixed with 
alumina, as fitated by H. Moissan, but a mixture of uranous oxide, alumina, and 
uluminium is obtained. When, however, a mixture of ferric oxide vk ith 10 per 
cent, of the oxide IT 3 O b is intimately mixed with more than sufficient aluminium 
filings to reduce both the oxides, and the reaction started by means of barium 
dioxide and aluminium, the oxide of UTanium is reduced to metallic uranium. 
J. W Marion and H. 0. Kent solder, and J. Aloy also reduced the oxide by heating 
it with magnesium ; and E. R. Rideal obtained uranium of 98 to 99 per cent, 
purity by heating in an atm. of hydrogen, in a magnesia-tube, in an electric furnace, 
a mixture of 80 per cent, of uranium oxide and 20 per cent, of magnesium powder 
compressed into rods. The finely-divided “ uranium black ” waB pyrophoric, and 
the hydrogen w T as displaced by carbon dioxide in the apparatus before the product 
was exposed to air. The excess of magnesium was removed by washing with dil. 
acetic acid. If the oxide be reduced by a mixture of sodium and magnesium in 
the presence of calc ium chloride in a steel cylinder at a bright red-heat, E. K. Rideal 
obtained a greyish-black powder containing 99-4 to 99*6 per cent, of uranium with 
traces of iron. A. Bnrger, H. Kuzel and E. Wedekind, and A. S. Caohemaille 
found that uranium trioxide is reduced by the vapour of calcium in vacuo; and 
W. Jandcr, and J. W. Marden obtained uranium by heating uranium oxide with 
metallic calcium in a welded iron crucible embedded in charcoal for 40 minutes at 
950-1250°. The resulting mass is then treated with ammonium chloride sola, to 
remove the unchanged calcium, and the residual powder is levigated, when a light 
black powder is separated whicli consists of highly oxidized uranium. The 
remaining powder contains particles of iron, which can be separated by a magnet, 
and the residue is then passed through a sieve, which retains coarse, impure powder 
and gives a fine black powder containing about 97-2 per cent. U, 2-5 per cent. Fe, 
and 0*3 per cent. 0, the yield being about 66 per cent, of the theoretical. If the 
crucible is prepared with a thick lining of lime, a product is obtained containing 
99-9 per cent. (J, and not more than 0 09 per cent. O, but the yield is only 27 per 
cent, of the theoretical. J. F. Goggin and co-workers found that the yield in the 
reduction of the oxide by calcium is small. The Electric Furnaces and Smelters* 
Ltd., Teduccd the oxide by heating it in admixture with calcium carbide and a 
Hilicido — e.g. ferrosilicon. 

E. M. Peligot reduced uranium tetrachloride admixed with potassium chloride 
and sodium, and covered with potassium chloride, in a porcelain crucible, con- 
tained in a graphite crucible, packed with dry powdered carbon, and the temp, 
rapidly raised to redness. The cold product was lixiviated with water, and there 
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remained a grey powder with a few metallic globules. E. M. Peligot first reduced 
the tetrachloride with potassium in a platinum crucible, and found that the 
uranium was contaminated with platinum. J. L. C. Zimmermann also reduced 
the tetrachloride with sodium. D. Lely and L. Hamburger heated the tetra- 
chloride with sodium in an exhausted steel vessel, and rendered the metal compact 
by heating it in an alundum tube in an exhausted vessel. W. I. Baragiola used a 
similar process. R. W. Moore distilled the tetrachloride in a current of chlorine, 
and the sodium in vacuo, and cut it in pieces under dry bemsene. The mixture 
was heated in a steel bomb in vacuo, and the product extracted first with abso- 
lute alcohol to remove excess of sodium, then with water to remove sodium chloride, 
and finally with 2 per cent, acetic acid. The heavy brownish residue of metallic 
uranium was washed with acetone and dried in vacuo. A yield of 90 per eent. of 
the theoretical quantity of metal containing 99*8 per cent, uranium was readily 
obtained. The powder was very pyrophoric, but it can be pressed into discs in a 
hydraulic press in an atm. of nitrogen, when it is no longer pyrophoric, The.sc discs 
may be melted by the arc in an atm. of rarefied argon to bright, steel-grey, ductile, 
metallic buttons which readily tarnish on exposure to the air. J. W. Marden 
also reduced the chloride by sodium with calcium chloride as a flux in a dosed 
vessel. A. Roderburg added that when the uranium chloride is reduced by sodium 
in a porcelain vessel, the uranium is contaminated with aluminium and Hilicon ; 
and when in iron vessels, with iron. Nickel, magnesia, graphite, or silver vessels 
are rapidly destroyed ; and nickel-steel is more resistant than other steels. 
M. A. Hunter and A. Jones obtained 99 per cent, uranium by reducing the anhydrous 
chloride with sodium in a steel-bomb. J. W. Marden reduced the uranium halide 
or potassium uranium fluoride by means of calcium in the presence of calcium 
chloride ; pressed the powdered metal into a desired shape and heated it until it 
was homogeneous and ductile. J. W. Marden and H. 0. Rentschler observed that 
uranium readily alloys with metals, and interacts with lime and magnesia 
refractories, but thoria crucibles give good results. J. F. Goggin and co-workers 
found that a good yield of very pure fused uranium is obtained by the reduction 
of uranium chloride with a 10 per cent, excess of metallic calcium ; the operation 
is carried out in an alundum crucible placed inside a nichrome-wound reduction 
bomb which is placed inside a steel cylinder from which the air is exhausted. The 
product obtained by this method was a hard, brittle metal containing 0-57 per 
cent. Fe, 0-09 per cent. C, and 0-03 per cent. 0 when commercial calcium was used, 
but a much purer product, containing only 0*01 per cent. Fe, was obtained by the 
use of resublimed calcium. The ingot showed fine crystalline markings, had a 
silvery lustre and convex surface, and appeared to lie sound. E. M. Pdligot stated 
that the tetrachloride is reduced to the metal by aluminium, but H. Hermann 
found that the vapour of the tetrachloride is not reduced to uranium by that metal. 
E. Botolfsen reduced the oxide with calcium in vacuo, and removed the calcium 
and calcium oxide by 2 per cent, acetic acid. J. W. Marden reduced uranium 
ammonium chloride with aluminium. H. Moissan preferred to reduce sodium 
uranium hexachloride, Na^UCl*. 300 grins, of the double chloride and 100 gnus, 
of freshly-cut sodium were introduced in alternate layers into a strong iron cylinder, 
which was closed with a screw stopper. The cylinder was heated for 26 minutes 
over a brightly-burning wood fire. The heat of the reaction raised the vessel 
to a white-heat in a few minutes. After cooling, the cylinder was opened, 
and the powdery contents first treated with alcohol at 96 ° in order to remove 
the excess of sodium, then washed quickly with cold, previously boiled water, 
and finally with alcohol and ether. This process was also employed by 
W. G. Mixter. J. Aloy similarly reduced the lithium or potassium salt with 
alkali metal. 

. H. Hermann found that the potassium salt ib not reduced to uranium by zinc 
in the presence of sodium chloride. According to A. Commaille, magnesium deposits 
the hydrated uranic oxide from aq. soln. of uranium oxalate ; S. Kern obtained a 
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aimilar result with the nitrate in aq. soln. ; and 0. (Store obtained no reduction by 
adding silicon to the molten fluoride. 

L. Schicht found that the electrolysis of acetic soln. of uranium salts reduces 
the uranic to uranous salts, and from neutral soln. a little uranium (possibly the 
oxide) is formed; a similar result was obtained with alkaline soln* containing 
acetic, citric, or tartaric acid, or sugar. Q. Gore obtained no uranium by the electro- 
lysis of an aq. soln. of the fluoride, nor by the electrolysis of the molten fluoride* 
C. Luckow obtained a little uranium by the electrolysis of a neutral salt soln, 

E. F. Smith obtained only the uranosic oxide by the electrolysis of aq. soln. of tfye 
acetate, formate, and nitrate. 

H. Moissan observed that fused sodium uranium hexachloride can be easily 
electrolyzed, and spongy uranium, often containing small crystals, is deposited at 
the cathode. A potential difference of 8 to 10 volts and a current of 60 amps, 
was employed. The bath is kept liquid by the heating action of the current itself. 
The double chloride was contained in a cylindrical porcelain vessel, and electrodes 
of carbon were used. The vessel was closed by a ground porcelain plate, 
carrying the two electrodes and a glass tube through which was passed, above 
the fused chloride, a current of hydrogen free from nitrogen. When quite cold 
the contents of the vessel were quickly treated with ice-cold water, and washed 
with alcohol — finely divided uranium decomposes water at ordinary temp. With 
iron electrodes, silver white, fine-grained alloys of iron and uranium are produced. 
These alloys can be filed with case. R. E. Pearson and E. N. Craig passed a 
current through a sulphuric acid cell with pasty uranium oxide in the cathode 
chamber, and obtained uranium J. Aloy also found that during the electrolysis, 
the uranium alloys with iron, aluminium, cadmium, and platinum electrodes. 

F. H. Driggs and W. C. Lillicndalil obtained the metal by the electrolysis of potas* 
sium uranous fluoride in a molten mixture of sodium and calcium chlorides, using 
a carbon crucible as anode and a molybdenum wire as cathode. The Wolfram- 
larapen A.G. found that soln. of salts in conducting organic solvents — e.g. acetone 
— which exert no oxidizing action, give, on electrolysis, deposits of uranium on 
nickel, platinum, etc. J. Feree electrolyzed an aq. soln. of uranous chloride using 
a mercury cathode, and obtained uranium amalgam. When this is distilled in 
vacuo, it furnishes pyiophoric uranium. R. M. Keeney obtained alloyB with 
aluminium and iron electrolytically and found that iron alloys with over 20 per 
cent, of uranium were pyrophoric, and more markedly so with higher proportions 
of uranium. 

The process of H. Kuzcl 2 for obtaining colloidal chromium, molybdenum, and 
tungsten (^.v.) has not been followed closely for colloidal uranium. T. Svedberg 
prepared the isobntylaloosol by the electric dispersion method — 8. 23, 10. 
H. Agulhon and T. Robert also prepared colloidal uranium by the electrical 
dispersion process. 
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§ 5. The Physical Properties of Uranium 

D. I. Mendeleeff 1 discussed some analogies in the colour of chromium, molyb- 
denum, tungsten, and uranium. E. M. Peligot described the uranium which he 
prepared as a grey powder ; and II. Moissan observed that the powder is liable to 
form a nitride which produces a yellow film on the metal. E. K. Rideal described 
the metal which he prepared as a greyish-black powder II. Moihsan found that 
when prepared by the carbon reduction process uranium furnishes an ingot with a 
bright fracture. When the metal is of a high degree of purity it is white, with a fainter 
bluish tinge than iron, and can be polished like iron. If the metal lias a yellow tinge, 
some nitride is present. R. W. Moore said that by fusing the metal in vacuo, it can 
be east into small ingots and then has 1 he npjicarauce of polished iron. J. F. Goggin 
and co-workers found that the ingot of uranium shows fine crystalline markings 
and has a silvery lustre; H. Moissan stated that when prepared by electrolysis 
fairly large, well-defined crystals may be formed on the cathode. J. 0. McLennan 
and R. W. McKay found that the X-radiogr&ms of uranium indicated a body- 
centred, cubic lattice with a— 3-43 A. 

E. M. Peligot gave 18-33 to 18-40 for the specific gravity of the metal ; 
J. L. C. Zimmermann, 18*485 at 13°/4: 0 in vacuo. J. Aioy said that a sample 
obtained by the alummothernnc process had a sp. gr 16-5- the sample was pre- 
sumably contaminated with aluminium. J. C, McLennan and R. W. McKay 
obtained 19-6 for the donsity from the X-radiog^ams. J. L. U. Zimmermann 
calculated the atomic volume to bo 12-84. E. Donath and J. Mayrhofer made 
some observations on this subject. C. del Fresno discussed the at. vol., and 
W. Biltz and K. Meisel estimated it to be 12-G at absolute zero. E, J. Cuy esti- 
mated the atomic radios of to be 1-22 A. ; H. G. Grimm, V. M. Goldschmidt, 
L. Pauling, E. Herhngcr, and E. T. Wherry also studied the at. radius of uranium, 
from which it follows that the value for quadrivalent uranium atoms is 0-97 to 1-05 A. 
P. Vinassa studied the mol. number. H. Moissan observed that uranium is easily 
filed ; it does not mark glass ; and when it has taken up a little carbon from the 
crucible, it can be tempered. R. r W. Moore found that the metal is very ductile ; 
some buttons of the metal were rolled cold from & thickness of 5 mm. to small 
sheets about 0-375 mm. thick. D. Lely and L. Hamburger found uranium to be 
less malleable than thorium. P. W. Bridgman found the O nm p reif^Wlity of 
uranium at 30° to be 8v/i> 0 --10 7 (9-66-2-5xl0 and at 76°, 

—10 7 (9-55— 2*2x10 *p)p, where p denotes the press, in kgrms. per sq. cm. for 
values of p between 1 and 12,000. The compressibility, £ at 30° is 0-0*966 ; 
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tod h8ff$px=*0O$2+ L. H. Adams found that §/*=»— <M& J. Laissus discussed 
the of uranium in iron. 

E. Donath gavi$ 00249 for the specific heat at 0° ; and J. L. C. Zimmermann, 
0 0276 at 0°. A. Blumoke found 0*0280 for the sp. ht. between 0° and 98°, and 
6*66 for the atomic heat ; whilst J. Dewar gave 0*0138 for the sp. ht. at —223°, 
and 3*29 for the at. ht. H. Frits made some observations on the relation of the 
sp. ht. to some of the other properties of the metal. H. Moissan found that uranium 
melts less easily than platinum, chromium, and molybdenum, but more easily than 
tungsten and vanadium. J. Maydel discussed some relations of the sp. ht. 
W. Guertler and M. von Pirani gave 1850° for the melting point ; A. Fischer and 

E. K. Rideal found that a specimen with 0 4 per cent, of carbon melted in vacuo 
between 1300° and 1400°. W. R. Mott gave 1600° for the m.p. According to 
H. Moissan, uranium may be distilled in an electric furnace and the vapour 
furnishes small metallic spheres free from carbon. E. Botolfsen observed that 
uranium does not sublime in a high vacuum below itB m.p. According to 
H. Moissan, the boiling point of uranium is above that of iron. W. R. Mott 
estimated the b.p. to be 3500 u . W. (4. Mix ter gave 303-9 Cals, for the heat of 
oxidation to U0 3 ; and for the heat of oxidation to U 3 0 6 , J of 895*5 Cals, per 
gram-atom. E. D. Eastman calculated 10*5 for the entropy of uranium; 
G. N. Lewis and co-workers gave 11*1 ; W. Herz, 15*37 ; and B. Bruzs, 24*1 at 
the m.p. 2100° K. R. D. Kleeman discussed the internal and free energies of 
uranium ; and W. Herz, the entropy. 

V. Henri, 2 and J. (J. Ghosh and B. N. Mittcr found that the extinction coeffi- 
cients of mixtures of uranyl salts and organic acids are greater than the sum of the 
extinction coeff. taken separately ; and this was cited as evidence of the formation 
of unstable intermediate compounds. A. Muller discussed the colour. A. Dora- 
bialska studied the radiant energy. 

Uranium salts do not show a flame spectrum, nor yet a simple spark spectrum ; 
and W. Huggins 3 found that uranium oxide in the oxyhydrogen flame shows only 
the continuous spectrum characteristic of red-hot solids. The spark Spectrum is 
produced if a condenser is in the circuit. R. Thal&i first made a drawing of the 
spark spectrum, and later gave some measurements of the spectral lines. The 
spectral lines are exceptionally numerous, but as shown by E. Formanek, and 
A. S. Russell and R. Rossi, none is distinctive enough to serve for the detection 
of small quantities of uranium spectroscopically. The more important lines in 
the spark spectrum are 5528, 5494, 5482, 5480, 5478, and 5475 in the green, and 
4473, 4362, and 4341 in the indigo-blue. The spark spectrum was examined in 
more detail by J. N. Lockyer, E. Demaryay, G. Meyer and H. Greulich, 0. Lohse, 

F. Exner and E. Haschek, A. Hagcnbach and H. Konen, J. H. Pollok, C. E. Gissing, 
and J. M. Eder and E. Valenta. G. Meyer and H. Greulich found that the spectral 
lines are masked by those of other metals unless the uranium is present in con- 
siderable concentration — say 7 per cent. C. Porlezza and A. Donati discussed the 
electroscopic detection of uranium. E. J. Allin examined the underwater spark 
spectrum. H. Nagaoka and T. Futagami examined the Bpectral lines due to' the 
transformation products of uranium. The aiC spectrum was examined by 
J, N. Lockyer, F. Exner and E. Haschek, 0. C. Kiess and W. F. Meggers, 
iC. W. Meissner, J. M. Eder and E. Valenta, E. Z. Stowell, and B. Hasselberg; the 
ultra-violet spectrum, by R. J. Lang, II. Nagaoka and T. Futagami, F. Exner and 
E. Haschek, and O. Lohse ; and the ultra-red spectrum, by C. C. Kiess and 
W. F. Meggers. W. W. Coblentz found uranium oxide gives a continuous spectrum 
in the ultra-red with hazy maxima at 2*8 p. and 3-4 fi. The anomalous dispersion was 
discussed by H, Ebert ; aud the effect of pressure by W. J. Humphreys. The Stark 
effect was studied by H. Nagaoka and Y. Sugiura. No series spectrum has been 
detected ; C. C. Kiess and W. F. Meggers, and P. G. Nutting discussed the structure 
of the lines ; and J. C. McLennan and co-workers, the relation between the electronic 
structure and the spectrum. H. Nagaoka and T. Futagami compared Hie spectra 
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of thorium, helium, and uranium. J. 0. McLennan and E. Cohen studied the 
absorption spectrum of the* vapour of uranium. E. T. Wherry detected uranium 
in minerals from their absorption spectra. 

Numerous researches have been made on the absorption spectrum of soln. of 
uranium salts. These include observations by J. H. Gladstone, 4 G, G. Stokes, 
H. C. Sorby, W. Bohlendorff, E. Hagen bach, S. Kato, J. M. Hiebendaal, H. Oeffinger, 
H. Morton and H. C. Bolton, H. Kayser, etc. All the uranium salts, solid or in 
soln., show an absorption spectrum. The exact position of the bands is usually 
dependent on the temp. With a rise of temp, the bands are usually displaced 
towards the red. Thus, H. Bremer found for one of the bands of uranyl sulphate, 
4906 (20 u ), 4909 (40°), 4915 (60°), and 4992 (80°), and with another band, 4738 (20°), 
4741 (40°), 4743 (60°), and 4745 (80°) ; whilst for one of the bands of uranyl nitrate, 
4859 (20°), 4868 (40°), 4870 (60°), and 4872 (80°), and for another band, 4696 (20°), 
4702 (40°), 4706 (60°), and 4708 (80°). Similar results were obtained with some 
double sulphates, and with the acetate. H. Morton and H. 0. Bolton made similar 
observations with respect to the double salts— sulphate, carbonate, and oxalate. 
J. M. Hiebendaal, on the contrary, observed that temp, had no perceptible influence 
on the position of the bands. H. C. Jones and J. S. Guy found that the uranyl 
bands become more diffuse with rise of temp. ; and H C\ Jones and W. W. Strong, 
and M. Cantone studied this subject. For the effect of low temp., vide infra , 
phosphorescence spectra. 

H. Morton and H. C. Bolton found that solid uranyl fluoride exhibited the bands 
A=4930, 4770, 4661, 4480, 4310, and 4180 : the aq. soln., 4780, 4620, 4460, 4330, 
4195, and 4055 ; the soln. in hydrofluoric acid, 4820, 4665, 4480, 4340, and 4200 ; 
and potassium uranyl fluoride , 4880, 4800 to 4720, 4630 to 4580, and 4490 ; 
M. Cantone, and E. L. Nichols and E. Merritt also examined ammonium uranyl 
fl}toride. According to H. Morton and H. 0. Bolton, solid uranyl chloride has 
absorption bands for A^-4920, 4750, 4620, 4480, 4340, and 4220 ; and H. Becquerel 
studied the pleochroism of the salt. E. Formanek found for the aq. soln., six 
absorption bands : 4913, 4748, and, with dil. soln., 4572, 4430, 4289, and 4146, 
as well as a dark one in the violet. E. Deusscn gave 4900, 4755, 4580, 4410, 4285, 
and 4140 with the bands 4025, 3925, 3800, and 3710 in the extreme violet and 
ultra-violet. Observations were also made by H. Oeffinger, 0. Knoblauch, and 
H. Morton and H. C. Bolton. J. Formanek’s result? are illustrated by I, Fig. 2. 
A cone. soln. of uranyl chloride in hydrochloric acid shows only a small band at 
4925, but with dilution, the bands 4975, 4630, 4442, 4289, and 4150 appear — 
II, Fig, 2. According to J. Formanek, when a soln. of a uranyl salt — say the 
chloride— is reduced by zinc and hydrochloric acid, there arc three stages in the 
process. In the first stage there are eight bands, viz. 6500, 6718, 6304, 5497, 
4961, 4844, 4666, and 4307— III, Fig. 2 ; the first and second are also shown by 
very dil. soln. As reduction proceeds, new bands -6367, 6165, 6030, 5782, 5231, 
5065, and 4514 — appear, so that the whole spectrum has twelve bands — IV, Fig. 2. 
As the reduction proceeds further, the liquid becomes dirty green, and the third 
stage appears with no new bands, but the intensity of single bands is altered — 
V, Fig. 2 , 6500 and 6718 are weakened, while 6367, 6165, and 5231 are strengthened. 
The presence of iron, cobalt, nickel, chromium, aluminium, and zinc does not 
disturb the phenomena. H. C\ Jones and W. W. Strong also studied the effect of 
reducing agents on a soln. of uranyl salts in different solvents ; and of oxidizing 
agents — hydrogen dioxide, and nitric acid— on uranous salt soln. E. Deussen also 
examined the absorption spectra of soln. of uranyl chloride in alcohol, and glycerol ; 
and H. C. Jones and W. W. Strong examined the absorption spectra of uranyl 
chloride in methyl, ethyl, propyl, isopropyl, butyl, and isobutyl alcohols, ether, 
methyl and ethyl esters, formamide, glycerol, acetone, and on aq. soln. in the 
presence of calcium, zinc, and aluminium chloride. According to A. Muller, the 
colour of uranyl salts is, in general, yellow, but the presence of hydroxyl or keto- 
groups, particularly in the a - or ortho-positions, displaces the colour strongly 
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towards the ted. The benzene nucleus also acts strongly in displacing the colour 
towards the ted end of the spectrum, particularly when the uranyl group is directly 
connected with phenolic oxygen. H. L. Howes, and H. Morton and H. G. Bolton 
examined the absorption spectra of the double salts : ammonium uranyl t Monde , 
and potassium ummyt chloride, when solid, and in soln. ; and H. L. Howes, rubidium 
and ccBsium uranyl chlorides. E. Becquerel also studied Boln. of the potassium 
salt. H. Becquerel studied the pleochroism of the crystals. H. C. Jones and 
W. W. Strong also studied the absorption spectra of soln. of uranyl bromide . 

E. Deussen found for aq. soln. of uranyl sulphate absorption bands for A=4885, 
4725, 4560, 4410, 4310, 4180, 4060, and 3950. Observations were also made by 
W. Bohlendorff, J. W. Hiebendaal, H. Bremer, N» Titlestad, M. Cantone, H. C. Jones 
and J. 8, Guy, H. C. Jones and W. W. Strong, and E. L. Nichols and H. L. Howes, 
and H. Morton and H. C. Bolton gave for neutral aq. soln. the bands 4955, 4750, 
4580, (4475), 4340, 4210, and 4100 ; and for acidic Boln., 4890, 4780, (4520), 4370, 
4320, 4210, and 4090. E. Deussen also examined soln. in alcohol, and m glycerol ; 
and H. C. Jones and W. W. Strong, in cone, sulphuric acid. J. Moir gave for soln. 
of uranyl sulphate in sulphuric acid, bands with the centres at 5650, 5410, 5140, 
and 4920. H. L. Howes examined the spectra of soln. of this salt. H. Morton 
and H. C. Bolton found for aq. soln. of ammonium diuranyl sulphate bands at 
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4875, 4720, 4575, (4480), 4330, and 4210 ; ammonium uranyl sulphate, at 4935, 
4800, 4620, 4450, 4330, 4240, and 4100 ; sodium uranyl sulphate , at 4875, 4775, 
4580, 4440, 4335, and 4180 ; potassium uranyl sulphate , at 4790, 4640, 4370, 4230, 
4100 ; and rubidium uranyl sulphate , at 4885, 4805, 4645, 4475, 4325, .4205, and 4050* 
M. Cantone also examined ammonium uranyl sulphate ;E L. Nichols andE. Merritt* 
potassium uranyl sulphate; and E. L. Nichols and H. L. Howes, ammonium, 
potassium, and rubidium uranyl sulphates, as well as c&sium uranyl sulphate. 
H. Morton and H. C. Bolton also found absorption bands with soln. of thaUous 
uranyl sulphate at 4905, 4630, 4480, 4295 ; and with magnesium uranyl sulphate , 
at 4790, 4540, 4370, 4230, and 4100. These soln. show similar spectra, indicating 
that the double salts are all decomposed in aq. soln. ; this is supported by the fact 
that the solid salts also show different spectra. Solid potassium uranyl sulphate 
has bands at 4805, 4690, 4520, and 4340. H. L. Howes also examined the spectra 
of soln. of this salt at different temp. H. Morton and H. 0. Bolton found for 
ammonium uranyl carbonate , bands at 4630, 4450, 4350, 4240, 4125, and 4030 ; 
potassium uranyl carbonate, at 4655, 4450, 4350, 4235, 4130, and 4035 ; and sodium 
uranyl carbonate , at 4665, 4510, 4355, 4250, 4120, and 4045. H* Oeffinger also 
made observations on uranyl carbonate. H. Becquerel studied the pleochroism 
of uranyl nitrate. J. Moir gave for the centres of the bands of solid uranyl nitrate 
A=5600, 5350, 5100, and 4850. H. Morton and H. 0. Bolton found for the absorp* 
vol. xii. o 
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tion band* in aq. soln. 4880, 4720, 4550, 4400, 4280, 4160, and 4040 ; J, .Formanek, 
4867, 4705, 4545, 4425, 4290, and 4150—1, Fig, 3 ; and E. Deussen, 4860, 4720, 
4540, 4380, 4290, 4150, 4020, 3870, 3790, and 3690. Observations were also made 
by W. Bohlendorff, O. Knoblauch, E. Hagenbach, J. M, Hiebendaal, H. Oeffinger, 
if. Bremer, J. C. Ghosh and B. N. Milter, L. J. Boardman, V. R. von Kurelec, 

G. H. Dieke and A. C. S. van Heel, F. E. E. Germann, H. L. Howes, H. C. Jones 
and J. S. Guy, M. Cantone, and E. L. Nichols and E. Merritt. According to 
J. Formanek, the absorption spectrum in soln. of ethyl alcohol has bands at 4830, 
4657, 4500, 4350, 4214, and 4085 — II, Fig. 3. J. M. Hiebendaal also examined 
alcoholic soln. ; H. Morton and H. C. Bolton, soln. in alcohol, ether, glycerol, and 
acetic ether ; E. Deussen, soln. in methyl and ethyl alcohols, acetone, and glycerol ; 
and H. C. Jones and W. W. Strong, of soln. of uranyl nitrate in methyl, ethyl, and 
propyl alcohols, acetone, methyl ester, and nitric acid. Observations on uranyl 
phosphate were made by H. C. Sorby, C. Horner, and E. L. Nichols and E. Merritt. 

H. Morton and II. C. Bolton gave for solid monouranyl phosphate, 4825, 4700, 
4580, 4405, and 4290 ; for the aq. soln., 5060, 4775, 4615. 4480, 4345, and 4240 ; 
for aq. soln. of diuranyl phosphate, 4870, 4720, 4580, 4425, 4280, and 4170 ; and 
for aq. soln. of calcium uranyl phosphate, 4820, 4675, 4520, 4350, 4220, and 4110. 
II. W. Vogel made some observations on uranyl hydroxide ; M. Cantone, on ammo- 
nium uranatc ; J. Moir found that autunite, or calcium uranyl phosphate, has bands 

f c with centres at 5750, 5540, 5290, and 

5080; uranyl metaphosphate in solid 
metaphosphoric acid, 5900, 5600, 
5420, 5150, and 4950 ; and uranyl 
sodium metaphosphate in microcosmic 
salt lead, 6020, 5620, 5430, and 
5170. The crystals of autunite and 
of lorbcmite were examined by 
F. Rinne. H. Kahler studied the band 
spectra of crystals containing uranium 
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oxide. E. Deussen, H. Morton and H. C. Bolton, W. Bohlendorff, 11. Oeffinger, 
(). Knoblauch, H. C. Jones and J. S. Guy, II. C. Jones and W. W. Strong, V. Henri 
and M. Landau, M. Cantone, E. II. Harvey, E. L. Nichols and E. Merritt, 
J. Moir, and II. Bremer studied uranyl acetate and its double salts ; H. Morton and 
H. (\ Bolton, uranyl formate ; E. Deussen, II. Morton and H. C. Bolton, V. Henri and 
M. Landau, and W. Bohlendorff, uranyl oxalate and its double salts ; II. Oeffinger, 
uranyl citrate , uranyl tartrate, and potassium uranyl cyanide ; and A. Mazzucchelli 
and co-workers, a number of organic salts. J. Formanek observed that uranyl salts 
react with alkanna tincture ; for if a neutral soln. of uranyl chloride or nitrate be 
added to tincture of alkanna, the liquid becomes gTeen, and there is then a strong 
absorption band at 6870, and a feeble one at 6315. This is characteristic of uranium. 

H. Morton and H. C. Bolton found that solid uranous fluoride has absorption 
bands at 5890, 5530 to 5210, 5020 to 4700, and 4400, and with maxima at 6670, 
5455, 5280, 4840, and 4770, whilst potassium uranous fluoride has maxima at 6600, 
6340, 6140, 5940, 5370, 5240, 4910, and 4760. The absorption sjtectra of soln. of, 
uranous chloride were examined by H. Oeffinger, A. Mazzucchelli and O. G. d’Alceo, 
and J. L. C\ Zimmerm&nn. E. Becquerel found for the solid salt bands at 
A=6940*, 6850, 6720, 6550, 6310, 6110*, 5850, 5760, 5650, 5610*, 5570*, and 5485, 


with broad bands at 5190, 4940, and 4780 ; and with aq. soln., for X -7056, 6570*, 
6530*, 6450, 6310, 6110, 5880, 5540*, 5500*, 4995 (broad), 4960*, and 4740*— 
where the * indicates strong bands. H. C. Jones and W. W. Strong examined 
soln. of uranous chloride in methyl ester, in methyl, ethyl, propyl and isopropyl 
alcohols, acetone, ether, and glycerol ; and in the presence of aluminium chloride 
and various acids ; and T. R. Merton, soln. in acetone, acetonitrile, ethyl acoto- 
acetate, ethyl alcohol, and acetophenone. H. C. Jones and W. W. Strong also 
studied the absorption spectrum of uranous bromide. H. Oeffinger, A. Mazzucchelli 
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nod O. 0* d’Aleeo examined the absorption spectra of aq, soln. of uranous sulphate, 
and J. M. Hiebendaal, of alcoholic soln. E. Beequerel found for the solid salt bands 
at 6900, 0720 »♦, 6060* 6650, 0460, 6310, 6160, 0100, 6890, 6530*, 5490*, 6400, 
and 6000 ; and for aq. soln,, at 7066, 6870*, 6530*, 6450, 6310, 5530*, 5490* and 
4980 (broad). H. W. Vogel made observations on uranous nitrate ; H. Oeffingcr, 
L. 0. Beard and O. M. Reiff, and H. C. Jones and W. W. Strong, on uranous acetate ; 
and A. Mazzucchelli and co workers, on a number of organic salts. 

The absorption spectrum of the canary-yellow glass coloured by uranium was 
found by E. Iiagenbach to furnish bands between 5110 and 4860, 4700 and 4600, 
and at 4500 ; H. W. Vogel said that the bands are similar to those with uranyl 
nitrate, but are displaced a little more towards the red. O. Lubarsch observed, 
with thin layers, bands between 5070 and 4840, and 4710 and 4620, and with thick 
layers, bands between 6520 and 0460, 6230 and 6150, and 5930 and 5870 ; these he 
referred to uranous oxide. The absorption spectrum of uranium glass was studied 
by J. B. Burke, C. C&michel, R. A. Houstoun, J. Becquerel, M. Luckiesh, 

E. L. Nichols and E. Merritt, T. Dreisch, R. C. Gibbs, E. Graviola and P. Pringsheim, 

F. G. Wick, W. T. Anderson and L. F. Bird, etc. 

Uranyl salts m soln. exhibit a greenish fluorescence. E. Becquerel 5 found the 
fluorescence or phosphorescence spectrum of uranyl chloride to have bands of 
wave-lengths 6230, 5955, 5685, 5433, 5176, and 4980 ; uranyl sulphate, 6620, 6262, 
5955, 5690, 5418, 5170, and 4945; uranyl nitrate, 6544, 6180, 5810, 5860, 5590, 
5325, 5090, and 4920; and uranyl acetate, 6525, 6180, 5860, 5090, 5325, 5090, 
and 4920. The bands for the nitrate and acetal c occupy nearly the same parts 
of the spectrum, but with the chloride and sulphate the bands are near the 
red end According to E. L. Nichols and II. L. Howes, the phosphorescence 
spectrum of uranyl sulphate, U0 2 S0 4 3H 2 0, consists of eight equidistant bands, 
the first and eighth of which disappear at the temp, of liquid air. The remaining 
bands are resolved into groups of narrow line-like bands, the homologous members 
of which form series having constant frequency intervals, ranging from 85-7 in 
esesium uranyl sulphate to 83 0 in potassium uranyl sulphate. The fluorescence 
groups are distinguished by a strong pair of bands about eight frequency units apart 
and several weak bands Borne of which are doublets. There is a shift of all bands 
towards the violet, with increasing mol. wts., of about fifteen frequency units in 
passing from the spectrum of uranyl sulphate to that of caesium uranyl sulphate. 

G. G. Stokes noticed that the phosphorescence spectrum and the absorption 
spectrum of uranyl salts slightly overlapped. H. Morton and H. C. Bolton also 
noted coincidences in the positions of several fluorescence and absorption bands 
of the uranyl salts; and H. and J. Becquerel and H. K. Onnes also noted co- 
incidences in the narrowed bands at low temp K. L. Nichols and E. Merritt found 
that in the case of potassium uranyl sulphate, the bands 4760 and 4920 of the 
absorption spectrum coincide with those of the phosphorescence spectrum ; and 
they are reversible, in that the bands may appear as absorption or luminescence 
bands according to the conditions under which they are observed. This reversi- 
bility was first described by H. Becquerel in 1885 with soln. of uranyl nitrate. 

H. L. Howes also mentioned the reversibility of the 5080 and 4880 bands of the 
double uranyl chlorides. When uranyl salts are crystallized in violet light, they 
exhibit a green luminosity of sufficient persistence to be observed in a phosphoro- 
scope, but the Bame phenomenon cannot be detected thus in soln. of these salts. 
J. Perrin said that fluorescence and phosphorescence are not to be distinguished 
by the greater or lesser persistence of emission, but by the action of a change 
of temp, and of infra-red radiation ; and that the luminosity of uranyl salts 
should be regarded as a true fluorescence. Of soln. of uranyl salts, that of the 
sulphate in water containing an excess of sulphuric acid shows the greatest 
fluorescence. The fluorescence of the sulphate is considerably greater in sulphuric 
acid soln., being only one-fourth or one-fifth that of the solid Balt. The 
average life of the luminosity is about 5 X 10“ 4 see. The luminosity is 
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regarded as a “ prolonged fluorescence M analogous to the brief fluorescence 
of dyes Buch as fluorescein, the persistence of luminosity o! which is of a 
much smaller magnitude. Fluorescence of the uranyl salts is considerably 
reduced by the addition of various substances such as halide salts, organic acids, 
etc. Mere traces of hydrochloric acid or of alcohol greatly diminish the fluorescence 
of the sulphate when dissolved in sulphuric acid. J. Perrin observed that the 
presence of eosin lowers the fluorescence of uranium ; and M. Privault, that quinol 
inhibits the photochemical oxidation and the fluorescence of uranium. R. Coustal 
found the permanent luminescence of crystalline solids to be independent of time, 
temp., and previous insolation ; that ultra-Ted radiations are without effect ; but 
it is most intense when the ultra-violet fluorescence is greatest. The permanent 
luminescence is an effect of radioactivity. 

H. Becquercl, and J. Beoquerel found that at low temp, the bands of the uranyl 
phosphorescent spectrum, like those of the absorption spectrum, become Bharp, bo 
that the simple diffuse bands of uranyl nitrate at ordinary temp, become, in liquid 
air, intense narrow double bands between which other weaker bands appear. 
Potassium uranyl sulphate and especially the ehloride give groups of bands, which, in 
liquid air, are resolved into. fine intense bands arranged similarly in each spectrum. 
It is assumed that the phosphorescence is localized in the uranyl radicle. H. and 
J. Becquerel and H. E. Onnes found that the bands which are characteristic of the 
uranyl salts at the ordinary temp., and undergo subdivision at the temp, of liquid 
air, are transformed into groups of much finer lines at the temp, of liquid hydrogen. 
At the same time the emission maxima are displaced towards the smaller wave- 
lengths. Since the displacement is relatively small when the temp, falls from that 
of liquid air to that of liquid hydrogen, it is possible that the bands approach 
asymptotically a limiting position as the temp, is lowered. It is concluded that 
the difference between the frequencies of two successive homologous bands is 
practically constant, and this holds for all series of homologous bands of the 
same salt. For different uranyl salts the values of this constant differ but slightly 
from one another. In structure the uranyl salt bands resemble the band spectra 
of gases. At the temp, of solid hydrogen a strong magnetic field has no influence 
even on the narrow bands. The phosphorescence of the uranyl salts is quite 
different in character from that of other classes of phosphorescent substances, and 
in no way depends on the presence of traces of impurities. The transfer of electrons 
under the photo-electric influence of the absorbed light appears to be a process 
which is entirely confined to the uranium atom, or at least to the uranyl group. 
Observations on the phosphorescent spectra of uranyl salts were also made by 
E. L. Nichols, E. L. Nichols and E. Merritt, J. Moir, R. M. Muller, E. Goldstein, 
E. Wiedemann and G. C. Schmidt, 0. Lommel, M. Cantone, S. J. Wawiloff and 
V. L. Levschin, S. J. Wawiloff, H. C. Jones and W. W. Strong. H. Becquerel 
observed similar phenomena with glass coloured by uranium oxide. 0. Lommel 
also studied the phosphorescence of glass. L. de Boisbaudran observed that 
alumina is not made fluorescent by uranium salts. H. and J. Becquerel and 
H. K. Onnes found that the fluorescence Bpectra consist of three to eight regularly 
spaced groups, lying between bluish-green and red. Each group consists of about 
five components, which are separated on cooling and whose number then is 
augmented by numerous less regularly appearing lines. The distance in the scale 
of frequencies between homologous components is constant over the whole of the 
fluorescence spectrum of one definite substance. The absorption spectra, too, 
show a regular structure* The constant frequency interval between homologous 
components here has another, invariably smaller, value than in the flnorescenoe. 
When one considers the spectra of one substance one gets the impression that every 
Beries of fluorescence lines is prolonged towards the violet in a corresponding 
absorption series. F. Perrin and R. Delorme discussed the duration of the fluor- 
escence of uranyl salts. S. J. Wawiloff and V. L. Levschin observed that the 
luminosity of a Boln. of uranyl sulphate in sulphuric acid continues for 10~ 5 to 
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lfr"" 4 sec. after illumination, and fades approximately exponentially. A rise 9! 
temp., or the addition of water, shortens the duration of luminosity. A. 0. S. van 
Heel studied the various spectra of uranyl compounds in terms of the theory 
of transitions from various energy states or levels. E. L. Nichols and M. K. Slattery 
studied the photo or cathodic luminescence produced by traces of uranium in 
various salta-Hjodium and potassium phosphates, borax, and sodium and calcium 
fluorides. 

The tribolumineseenoe of oxides and sulphides has been discussed by A. Karl ; 6 
and of uranium salts, by J. A. Siemssen. The salts appear luminous when shaken 
or struck in the dark. 

The high frequency or X-ray spectrum of uranium has the absorption limit 
(H075 for the K-serieB, which was studied by W. Duane and co-workera, 7 J. Schror, 
M. de Broglie, B. Walter, H. R. Robinson and C. L. Young, G. Rechou, E. Frimann, 
J. E. Mack and J. M. Cork, and by M. Siegbahn and E. Jonsson. The L-scries has 
line B aaa 1 , 0-92014; a x a, 0-90833; ft# 0-71807; jf? 2 y, 0-75268; yi 8, 0-61283; 
le, 1-06477; 17, 0-8029; 0-72413; y^B, 0-6044; ftu, 0-7454; j8 3 <£, 0-7084; 

VsX- 0-597 ; and y 4 «/r, 0-5738, with the absorption limits 0-7214, 0-5918, and 0-5685. 
The L-series was studied by M. de Broglie, J. Zahradnicek, A. Sandstrom, 
J. H. Williams, S. Idei, D. Coster, E. Hjalmar, A. Dauvillier, C. L. Clark, 
S. K. Allison, H. R. Robinson and C. L. Young, H. R. Robinson, H. Hi rata, 
S K. Allison and V. J. Andrew, J. Schror, II. Brauns, and M. Siegbahn. The 
Miseries includes a x , 3-916 ; a, 3-9014; 0, 3-7083; y, 3-4714; S, 2-943; and 
€, 2-813, or M lf 3-491, M 2 , 3-326, and M 3 , 2-873. They were studied by G. Wentzel, 

F. R. Hirsh, E. Lindbcrg, H. R. Robinson and C. L. Young, and D. Coster. The 
N-series, studied by V. Dolejsek, includes N 7 P Al 8-594 ; N 7 P 2 , 8-700 ; N 7 0 3 , 10-080 ; 
N 6 0 2 , 9-876; N fl 0 6 , 12-856; N^, 12-777 ; and N 6 0 2 , 12-702. The N-series, the 
O-series, and the P-serics were also studied by H. R. Robinson and C. L. Young. 
W. Herz gave 3-13X10 6 for the vibration frequency. T. E. Aurin found that 
the relative at. absorption coell. for X-rays is 1123 when that of lead is 569, and 
that of water, unity. S. J. M. Allen studied this subject. S. J. M. Allen, W. Duane 
and co-workers, and E. C. Stoner and L. H. Martin made observations on the 
absorption of X-rays by uranium ; and R. W. James and G. W. Brindley, on the 
scattering of X-rays. H. R. Robinson and A. M. Cassie studied the secondary 
X-rays from a target of uranium oxide bombarded by a beam of K-rays; 
H. B. Wahlin, the emission of positive ions by the heated metal. 

In 1804, A. F. Gchlen 8 found that on ethereal soln. of uranium chloride is 
decomposed in sunlight, and J. Fiedler, in a dissertation with the motto : Nihil 
Ivce obscurius — Nothing is darker (?>. less known) than light — said that uranic 
chloride in the presence of organic substances is reduced to uranous chloride. 
A. E. Bccquerel, and P. L. Chastaing observed that alcoholic soln. of uranyl nitrate, 
in light, deposit green uranous oxide, and J. J. Ebelmen observed a similar thing 
with alcoholic soln. of uranyl sulphate. H. C. Bolton observed that uranyl Balt 
soln. in the presence of glycerol are reduced by light; A. St. V. Niepce, and 
E. Boivin observed the same thing in the presence of tartaric acid ; C. J. Burnett, 
and A. St. V. Niepce, in the presence of paper. Many organic uranyl Balts aro 
reduced in light — e.g. A. St. V. Niepce and L. Corvisart, W. C. Holmes, W. Seekamp, 
C. J. Burnett, and D. von Monckhoven found this to be the case with uranyl oxalate 
and its double salts ; A. St. V. Niepce and L. Corvisart, and L. L. Bonaparte, 
R- E. Liesegang, with the acetate, citrate, formate, tartrate, aconitate, etc. ; and 

G. Courtois, with aq. soln. of uranyl propionate, butyrate, lactate, quinate, salicylate, 
oxalate, and tartrate are stable in thp dark but not in light ; whilst soln. of the 
acetate, formate, benzoate, glycollate, and citrate decompose in da rknem and in 
light. G. Wisbar found that in light the presence of uranyl salts induces the de- 
composition of glutaric and succinic acids ; W. C. Pierce and co-workers, malonio 
acid ; W. G. Leighton and G. S. Forbes, and H. Fay, acetic, propionic, isobutyric, 
oxalic, malonic, tartaric, and succinic acids ; J. C. Ghosh and B. N. Mitter, these 
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acids and in addition lactic, glycollic, and mandelic acids ; T. Pavolini, hydroxy- 
acids ; R. Luther and J. Plotnikoff, R. H. Miiller, W. P. Jorissen, and W. P. Jorissen 
and L. T. Reicher, oxalic acid — P. F. Bacon, W. T. Anderson and F. W. Robinson, 
J. E. Moss and A. W. Knapp, P. F. fiiiohi, and E. Baur proposed the photolysis of 
oxalic acid in the presence of uranyl salts as a standard for measurement ; E. Baur, 
and E. 0. Hatt, formic acid s H. von Euler, acetic acid ; J. Plotnikofi, hydriodic 
acid ; H. Kunz-Krause and P. Manicke, iodic acid ; J. C. Ghosh and J. Mukherjee, 
1 euco malachite ; J. Aloy and A. Valdigui<$, dextrose, methylene-blue, aldehydes, 
the lower fatty alcohols, olefin ic hydrocarbons — amylcne, acetylenic hydrocarbons, 
cyclobexenes, toluenes, xylenes, cymene, chloroform, bromoform, iodoform, aliphatic 
ethers, aliphatic aldehydes, aromatic aldehydes (slow), ketones (slow), fatty acids — 
while the sat. hydrocarbons, cyclohexanes, benzene, phenols, amines, amides, and 
the phenolic ethers do not react ; A. J. Allmand and L. Reeve, lactic acid ; and 

D. Berthelot and II. Gaudechon, maleic, fumaric, pyruvic, and lactic acids. 
C. Neubcrg observed the following changes occur in the presence of uranium salts, 
in sunlight : alcohols to aldehydes ; poly-alcohols to hydroxy-aldehydes or ketones ; 
acids to aldehydes or keto-compounds, sometimes with fewer carbon atoms than 
the original substance ; monosaccharides to osones ; disaccharides undergo 
inversion ; polysaccharides and glucosides are hydrolyzed ; amino-acids undergo 
deamidisation and lose carbon dioxide, yielding aldehydes with a smaller number 
of carbon atoms than the original substance ; glycerides arc partly hydrolyzed ; 
and peptones and proteins are partly hydrolyzed. D. Berthelot and H. Gaudechon 
observed that apart from salts of uranium, neither the fluorescent nor radioactive 
sulffltanccs experimented with accelerated photochemical read ions. The acceler- 
ating influence of the uranium Balts is limited to a social class of reactions, namely, 
the decomposition of open-chain acids, especially dibasic or complex acids. These 
aTC reactions which occur spontaneously in ultra-violet light, and under the 
influence of the catalyst they take place in visible light. The catalyst thus lowers 
the vibration frequency of the photochemical reaction, in the same way as an 
ordinary catalyst lowers the temp, of a chemical reaction P. L. Cliastuing, and 
J. M. Edcr observed that blue and violet light are most active in promoting these 
photolytic reactions ; and, in agreement, N. Titlestad showed that light of wave- 
length between 4840 and 4230 is moBt active. According to J. Aloy and 

E. Rodier, when, under the influence of light, uranyl salts arc converted into uranous 
Balts in the presence of the acid entering into the constitution of the salt and a readily 
oxidizable substance such as alcohol, the reaction which occurs is as follows : 
UO 2 (1 2 +2IICl+C 2 H 5 .OII-U(a 4 -f0ir 3 .CHO-+2H 2 O. Two mols. of acid are 
necessary for each mol. of uranyl salt. In this way uranous fluoride, chloride, 
bromide, iodide, and sulphate have been prepared, and an aq. soln. of the 
nitrate. If an insufficient amount pf acid is present, basic salts are obtained. 
If the reaction is allowed to proceed further, a black precipitate of uranous 
hydroxide is obtained. 

E. Baur and co-workers found that the reactions are accelerated by substances 
which destroy fluorescence ; when all the uranyl salt has been reduced, fluorescence 
ceases. Consequently, the two phenomena appear to be connected. When light 
is absorbed by a soln. of a uranium salt, the uranyl ion undergoes a reversible 
change from the “ dark ” condition into the “ light }t condition ; when the reverse 
action takes place, the light energy absorbed is given off again in the form of 
fluorescence. The addition of certain substances, such as chlorine or iodine ions, 
ferric and vanadyl salts, vanadic acid, and quadrivalent uranium salts, extinguishes 
the fluorescence. The same substances also destroy the Becquerel effect. In the 
sexivalent stage the uranium absorbs light energy, forming octovalent and tcrvalent 
uranium : 5U V1 f wsi»t-+3UVHi^2U I]U , If any substance is present with which 
the activated uranium can react, it does so, and reduction occurs ; but if not, the 
reaction is reversed, and the uranium reverts to the “ dark 99 condition, and fluor- 
escence occurs. The reverse reaction is prevented by the presence of substances 
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which destroy fluorescence — e.g, reducing agents like oxalic acid f potassium iodide, 
and uranous salts which react with octovalent uranium ; or oxidizing agents 
like ferric salts which react with the tervalent uranium. E. C. Hatt said the 
hypothesis that the light produces compounds of higher and lower valency is 
Tendered probable by the fact that the insolated soln. have an oxidizing action on 
potassium iodide and a reducing action on potassium permangunnte. In the 
photolysis of uranyl formate, the liberation of carbon dioxide and hydrogen is 
supposed to be due to the octovalent uranium ; and the reaction dicB down through 
the accumulation of scx&valent uranium, which acts as an extinguisher. In the 
photolytic decomposition of oxalic acid by uranyl sulphate, the octovalent uranium 
produces carbon dioxide, and tervalent uranium, carbon monoxide, while sexavalent 
uranium is re-formed. The products of the reaction arc found to be formic acid, 
carbon dioxide, and carbon monoxide. The amount of formic acid formed is very 
small, and it is held that it must Temain small, because it is used up as fast os it is 
produced in reducing the uranyl-ion to uranous-ion. The gas evolved contains a 
slight excess of carbon dioxide above that required for the simple stoichiometric 
relationship C0 2 : CO. The formation of formic acid is regarded as a cathodic 
reduction of carbon dioxide, thus : CO 2 + 2 H'+ 20 =If.CO 2 H. The hydrogen 
reported to be formed in the photolysis of oxalic acid was shown by E. Baur and 
A. Rebmann to be carbon monoxide derived from glyoxybc acid present as an 
impurity. In the photolysis of uranyl acetate two reactions occur : (i) the 

photocat alytic decomposition into inethane and carbon dioxide observed by H. Fay ; 
and (ii) the non- catalytic oxidation of acetate-ions to ethane and carbon dioxide 
by uranyl salts, which only occurs in acetic acid soln. with a sufficient concentration 
of acetate-ions. The photolysis is favoured by the presence of free acetic acid, but 
is restricted by chloride ions and mercuric ions to some extent, and almost entirely 
by ferric salts or fonnic acid. The reaction cannot be regarded as a unimolecular 
decomposition of a uranyl acetate complex by light, but as an action of an activated 
uranyl complex on the surrounding molecules by an interchange of electrons. The 
process is an oxidation-reduction reaction and is therefore akin to electrolysis. 
Thus, in the electrolytic decomposition of acetate, acetyl peroxide and atomic 
hydrogen are the respective anodic and cathodic products, which then interact and 
form methane and carbon dioxide. Since the photolytic oxidation of acetic acid 
to ethane and carbon dioxide, and of glyoxylic acid to carbon monoxide and carbon 
dioxide, can be reproduced electrochcmically only by the use of a considerable 
potential difference, it is concluded that the energy quantum absorbed by the 
uranyl complex must also have such a value as would suffice, not only for the 
production of oxygen, but also for the formation of peroxides, observed by 
A. Bach, and F. L. Usher and J. II. Priestley. In the photolysis of carbon 
dioxide in the presence of a uranyl salt, F. L. Usher and .1. H. Priestley observed 
that formic acid is produced, with formaldehyde probably acting as an inter- 
mediate product, but E. Baur did not accept the observation. W. R. G. Atkins 
and H. H. Poole, M. Plotnikoff, and Tt. II. Muller made observations on the 
subject. 

E. Baur found that the potential at. a platinum electrode immersed in a soln. 
containing both uranous and uranyl salts is less positive in sunlight than in dark- 
ness ; consequently, if two platinum electrodes are immersed in a soln. of the mixed 
salts so that one clectTode is in darkness while the other is exposed to a bright light, 
the cell can be made to furnish a current — Becquerel effect. The displacement of 
the potential is considerable, and takes place more or less rapidly according to the 
nature of the salts employed. N. Titlestad immersed platinum electrodes in a 
soln. containing both uranous and uranyl sulphates, and the potential difference 
is measured when one electrode is illuminated and the other kept in darkness, in 
darkness, the e.m.f. of uranous-uranyl cells is represented by the equation : 
^^e+RT/ 2 F.log^U 0 2 ''][H , ] 4 /U’"\ corresponding with the chemical change : 
U0 2 , '+4HWU' , ‘'+2H 2 ()+2f\ e is 0404 volt more positive than the normal 
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hydrogen electrode. Illumination displaces the potential towards the negative 
side, but ihiB effect is observed only with smooth electrodes. The displace* 
ment of potential is approximately proportional to the logarithm of the light 
intensity. Some results are illustrated by Fig. 4 for light of relative intensities 
4, 1, and 0*25 with soln. containing 75 mols of uranous sulphate and 25 mols 
of uranyl sulphate, at 25°. The initial velocity of the displacement of equili- 
brium on illumination is proportional to the intensity of the light. The velocity 
of displacement is practically independent of external circumstances, but the 
velocity of return increases with increasing concentration and temp., and with 
diminution in the sulphuric acid concentration. From these results it follows that 
the law of mass action does not apply to Buch cells. Small amounts of alcohol 
affect the light potentials slightly. On repeated illumination, the electrodes 
become slightly more positive. According to A. SamsonofT, uranous salts alone 
give no photoelectric current, and with uranyl salts the presence of traces of 
uranous salts is necessary for the effect. In the photoelectric cells indicated above 
it is assumed that the ions which result from the removal of electrons by the 
action of the light diffuse to the electrodes at different rates. The maximum effect 
is obtained when the incident light corresponds with the region of maximum 
absorption. In the continual action of the light rays, fatigue effects are exhibited, 
and when the light is removed, after-effects are observed. It is supposed that the 


photoelectric effect is not a consequence of, 
but rather the preliminary stage in, the 
chemical changes which occur under the 
influence of the light. The assimilation of 
carbon dioxide by plants is supposed to be 
accompanied in the same way by a pre- 
vious formation of electrically charged 
mols. G. Trumpler found that the photo- 
chemical effect with uranous and uranyl 

%nutcs 75 30 ,0S Ra ^ 80 ^ n ' ma X s ^ ow ne K tt ^ ve or P°ritive 

I? i mi Tva . r T 1 . r x effects according to the conditions ; the 

Fig, 4.— The Effect of Light of Different x .. A 

Intensities on the Photoelectric Effect. former 18 attributed to the formation of 

qumquevalent uranium, and the latter to 
the presence of octovalent uranium in the illuminated region. Both stages are 
formed by the action of light on the uranyl salt. The negative effect is weakened 
by the presence of iodine, hydriodic acid, vanadium sulphate, vanadyl sulphate, 
hydrochloric acid, ferric sulphate, and ferrous sulphate. The positive effect is 
weakened by the presence of sulphur dioxide, uranous sulphate, and oxalic acid. 
All the substances which have a weakening action of the positive or negative 


Becquerel effect also reduce the fluorescence of uranyl sulphate soln. The fluor- 
escence of these soln. is also decreased by an increase in the temp. H. Schiller 


studied the Becquerel effect with the uranium formates and oxalates ; T. Pavolini, 
and A. Goldmann also studied the photoelectric effect; and S. J. Wawilow and 


W. L. Lewschin, the photoluminescencc. 

H. Muller 0 found that the exposure of uranium to intense a-rays produced no 
•effect on the induced radioactivity. A. Nodon found that the photogenic radiations 
emitted by the sun can penetrate metals of high valency, like lead or uranium, but 
not those of low valency, like magnesium, zinc, aluminium, or iron. M. de Broglie 
examined the a-ray spectrum. S. Maracineanu observed that after exposure to 
sunlight the activity of uranium oxide shows marked variations, which may amount 
to as much as 50 p^r cent, of the total activity. If the uranium oxide is exposed 
simultaneously to Bunlight and to bombardment by the a-particles from polonium, 
the variations after exposure are more frequent than for sunlight alone. J. Thibaud 
studied the 0-ray spectra and the photoelectric effect ; J. Lifschitz and S. M. Hoog- 
houdt, the Becquerel effect with soln. of uranyl salts ; B. Gudden, the range of the 
a-particles from uranium ; W. M. Cohn, the luminosity in cathode rays ; F. Lotze, 
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the pleochroic uranium haloes. Fox the radioactivity of Orulllin, vide radium, 

4 . 26 , 126 . 

0. Benedicks 10 said that the sp. electrical reeManoe of uranium is less than that 
of bismuth, being about 62-0 xlO~® ohms at 18°. P. W. Bridgman found the 
resistance to be 0-000076 ohm at 0°. This is high for a metal, being of the order of 
the resistance of liquid mercury and of bismuth. The temp, coeff. of the resistance 
between 0° and 100° is 0-00230. The resistance was found to decrease under press., 
as is normal for most metals. The average press, coeff. over the range 0 to 12,000 
kgrms. per sq. cm. was — O0 6 436. A. Schulze made some observations on this 
subject. W. Meissner and B. Voigt, and J. C. McLennan and co-workers measured 
the electrical conductivity at low temp. ; and W. Meissner and B. Voigt obtained 
for the ratio r of the resistance R 0 at 0° to the resistance R at the observed temp, 
when the value at 0° is 0-0 2 6811 ohm : 

0 10° - 186 20° - 19IV47 0 - 262 60° -268 80° -27169“ 

i . . . . 1 07001 0 6844 05867 0-5445 0-5400 

According to C. Pittrich, the difference between the /i^ 2 and ja 1024 conductivities of 
soln. of uranyl chloride, nitrate, or sulphate is abnormally high presumably because 
ionization occurs in stages ; the conductivity increases appreciably with time 
owing to hydrolysis. The formation of acid H'-ions by hydrolysis is demonstrated 
by the effect of the soln. on the inversion of sugar. Some uranyl salts — e.g. the 
oxalate- show a diminished conductivity on exposure to light owing to the photo- 
lysis of the soln. The transport number of the uranyl-ion is 56 at 25°. Uranyl 
salts of weak acids have a marked tendency to form complex ions. This is shown 
by the fact that the sp. conductivities of the mixed sodium and uranyl salts are in 
most cases less than those of the sodium salts themselves : in the case of the oxalate, 
tartrate, and citrate, the specific conductivity of the mixture decreases with 
increasing concentration of the uranyl salt. Migration experiments confirm the 
formation of complex ions, because whilst in mixed soln. of uranyl and sodium 
oxalates the uranium is transported to the anode, it goes to the cathode in a mixed 
soln. of uranyl and sodium chlorides. The direction seems to depend also on the 
concentration. The solubility of uranyl oxalate is increased by the addition of 
sodium oxalate — a further proof that a complex ion is formed. The mixture of 
uranyl nitrate with sodium salts of organic acids is in most cases accompanied by 
an absorption of heat. 

H. Moissan, as indicated above, obtained uranium by the electrolysis of molten 
sodium uranium hexachloride. According to C. Luckow, E. F. Smith and co- 
workers, and E. F, Kern, the electrolysis of soln. of uranium salts does not furnish 
the metal under ordinary conditions, but the cathode product is a hydrated oxide 
in various stages of oxidation. The fact is employed for the electrolytic separation 
of uranium from uranyl salts, the hydrated oxide being converted by heat to the 
Ug0 8 -oxide before weighing. F. W. 0. de Coninck and M. Camo observed that in 
the electrolysis of soln. of uranyl nitrate containing traces of nitric acid, a deposit 
is not formed, or rather the deposit initially produced is dissolved in the acid. If 
6 to 8 per cent. soln. of the nitrate are electrolyzed, black, pulverulent, pyrophoric 
uranium monoxide is formed, and it oxidizes to the orange hydrate, U0 3 .H 2 0, when 
dried in the water-oven. If a weaker current is employed, the canary-yellow 
hydrate, U 2 03.2H a 0, and the orange-coloured hydrate, U 2 0 8 .H 2 0, are formed. 
With some soln. a current of about one amp. gives a mixture of the yellow and 
orange hydrates ; with others the black oxide, U 4 0 B , is obtained, along with one 
of its hydrates which is violet. The latter in a dry atm. slowly changes into the 
yellow hydrate. The black oxide, U 4 0 5 , is very stable, and is thus distinguished 
from the monoxide ; it does not oxidize at 100°, and when strongly heated in 
hydrogen is reduced to the monoxide. According to C. A. Picric, in aq. soln. with 
low current density, uranyl salts deposit, in the first place, hydrated uranic oxide, 
UOg.HgO, which is changed as the electrolysis proceeds to a black oxide of varying 
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composition. With higher current density, uranyl sulphate is reduced to uraaous 
sulphate, but in the presence of free acid the deposit obtained is small in amount 
and poorly adherent, although metallic in appearance. In neutral or alkaline 
soln., the deposit formed is a mixture of black and yellow oxides. The use of a 
diaphragmed cell does not change the character of the deposits. The deposit 
obtained when alkaline uranyl tartrate or citrate soln. are electrolyzed is an oxide 
much richer in uranium than that deposited from soln. acidified with tartaric or 
citric acid. Soln. of potassium uranyl fluoride, whether acid, alkaline, or neutral, 
form a deposit containing fluorine ; in acid soln. the deposit is UJB4.6H2O ; neutral 
and alkaline soln. give a deposit containing uranium tetrafluoridc and uranium 
oxide. Deposits obtained from neutral soln. of potassium uranyl cyanide consist 
of pure potassium uranafe. When acidified with hydrocyanic acid, the deposit 
is the yellow hydrated oxide contaminated with a little of the black oxide. 

C. A. Picric added that the black deposit formed when uranyl salt soln. are 
electrolyzed is not U 3 0 8 .2H 2 0, as retried by E. F. Smith, but rather U 3 O 10 .2H 2 O, 
which has a potential different from that of U 3 0 8 . C. A. Picric found that the 
electrical conductivity of non-aqueous soln. of uranyl salts is a function of the water 
present, and the deposits formed are oxides contaminated with organic matter. 
Anhydrous pyridine dissolves anhydrous uranium tetrachloride to form conducting 
soln. ; these, on electrolysis, deposit a compound containing uranium and pyridine 
on the cathode. Soln. of uranium tetrachloride in acetone do not yield metallic 
uranium on electrolysis ; the soln. is a good conductor of electricity. The deposit 
obtained replaces mercury from mercurous sulphate. Uranium tetra( hloride 
reacts with anhydrous acetone, forming ^9-tlichloropropane. During electrolysis, 
hydrogen is evolved. R. Groves and A. S. Russell studied the electrodeposition of 
uranium on mercury. U. Sborgi found the electrochemical equivalent of uranium, 
from soln. of the tetrachloride, to correspond with the at. wt. 240. 

W. Muthmann and F. Fraunbcrger found that the electrode potential of a 
fresh surface of uranium in contact with N-¥LL'\ is - 0*46 volt. Unlike the case 
of chromium, molybdenum, and tungsten, they observed no evidence of the 
passivity of uranium. U. Sborgi examined the anodic behaviour of uranium ; in 
some cases a little carbon dioxide uas evolved— it was derived from the presence 
of a small proportion of carbon as impuiity in the metal. The anode dissolved in 
sulphuric acid and sulphates, nitric acid and nitrates, hydrochloric acid and 
chlorides, bromides, acetates, and chlorate. In iodides separation of the halogen 
was also observed. In all the experiments except three the metal dissolved as 
though it had the valency four, but in some cases allowance lias to be made for 
the evolved gas. In two experiments with sulphates and in one with nitrates the 
results indicated a valency of six. In phosphates and in alkalies the electrode was 
covered with a yellow deposit, and the current fell to a minimum ; when the deposit 
was mechanically removed at frequent intervals, the result agreed with the valency 
four. There was no evidence of uranium becoming passive. A. Giinthcr-Schulze 
discussed the electrolytic valve action. A. Fischer and E. K. Ridcal found that 
with an alcoholio soln. of uranium tetrachloride, the potential for U/U"” is 
0*30 volt, and when this is calculated for aq. soln. from the difference for copper 
in aq. and alcoholic soln., the electrode potential becomes 0*23 volt. This allocates 
uranium's place in the electrochemical series between copper and hydrogeu. This 
cannot be right, because uranium decomposes water and reduces soln. of stannous 
chloride. Its potential must therefore approach that of a baser metal, and they 
added that it probably lies between —0*4 and 0*2 volt. ]\ Ilerasymeuko found 
the reduction potential of uranyl salts U VJ — U v for 10-fold dilution to be —0*058 
volt. Powdered oxides fixed on to platinum with gelatine were found by 
C. A. Picric to have the following potentials : UaOg/UOgfNOj^, 14*3 grins, per 
litre^0*776 volt ; U03.H 2 0/U0 2 (N0 3 )2— — 0*860 ; black oxide from aq. uranyl 
salts /U0 jj(N 0 3 )2--- 0-6872 volt; uranium 91*49 per cent. /U0 2 (N0 3 )2~ — 0*093 
vdlt. Uranous oxide, U0 2 , gives a single potential identical with that obtained 
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for die green oxide, U 8 0 B . W. Ogawa noted that uranium activated galena as a 
radio-detector. E, Z. Stowell studied the behaviour of uranium as cathode in the 
oscillating arc ; and M. Haitinger, the intensity of the ultra-violet rays from a 
uranium arc light, 

H. Moissan u said that uranium is not magnetic when it is free from iron, but 
more precise measurements Bhow that it is probably slightly paramagnetic. 
K. Honda found a specimen with 0-23 per cent, of iron had a magnetic suscepti- 
bility of 4-34x10“"®; and M. Owen gave 3-26x10“® mass unit. S. Meyer gave 
0*21 X 10 ~® for the atomic magnetization (gram-atom per litre). P. Pascal found 
that the mol. magnetic susceptibility of the uranium ion decreases proportionally 
with an increase in its degree of oxidation, thus, the value for U(S0 4 ) 2 is 320 XlO"* 
and for U0 2 (80 4 ) 2 , —5-57 x 10 -5 . S. Freed and C. Kasper studied the magnetic 
susceptibility of uranyl ionR. D. M. Bose and H. G. Bhar found that the suscepti- 
bilities of salts of sexivalent uranium are diamagnetic. 
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§ 6. The Chemical Properties of Uranium 

Uranium is fairly reactive chemically ; and in many of itN properties it resembles 
iron. H. Moissan 1 found that argon has no action on the metal at a high temp. 

F. Fischer and F. Schrotter observed no reaction when uranium is electrically 
disintegrated under liquid argon. A. Sieverts and E. Bergner observed that 
neither argon nor helium shows a measurable solubility in uranium. No com- 
pound with hydrogen has been prepared ; but A. Sieverts and E. Bergner found 
that 100 grins, of metal at 1100° and 760 mm. absorb 1*6 mgrms. of hydrogen. 

G. Ha gg studied the mol. vol. E. M. Peligot found that the metal is stable at 
ordinary temp, in dry air. J. Ferce's pyrophoric uranium has been discussed 
above ; G. Chesneau found that the sparks detached from uranium by friction 
with hard steel instantly ignite mixtures of methane and air, so that the temp of 
the sparks cannot be less than 1000° ; they also ignite alcohol, benzene, or light 
petroleum which has been poured on cotton. Sparks detached from steel by flint 
ignite none of these vapours and gases. J, L. C. Zimmermann found that the 
metal is slowly oxidized by exposure to ordinary atm. air; and R. W. Moore 
added that it is considerably tarnished after a few days* exposure to air. 3 . Aloy 
observed that in moist air the surface of the metal becomes dull or matte. 
E. M. Pdligot found that when the metal is feebly heated in air it bums with a 
brilliant white flame, and swells up to form uranium tritaoctoxide, and J. L. C. Zim- 
mermann added that the ignition temp, in air or oxygen is between 150° and 170° ; 

H. Moissan said that it ignites in oxygen at 170°. The ignition temp, must depend 
on the state of subdivision of the metal. A. Burger made observations on thiB 
subject. E. M. Peligot found that if the powder be strewn through the flame, it 
bums showing brilliant sparks ; whilst H. Moissan observed that if molten uranium 
be dropped on to porcelain, or if fragments are shaken up in a glass vessel, brilliant 
sparks ore produced owing to the combustion of a small amount of metal.' There 
results, but with far greater brilliancy, a phenomenon analogous to that of the 
combustion of iron particles which catch fire by Bimple friction in the air. 
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K. M. Peligot said that uranium does not decompose cold water* hut H. Moissan 
observed that if finely powdered, the metal slowly decomposes cold water, but 
more quickly at 100 , reduced iron also decomposes boiling water. Uranium 
which has been previously fused quickly acquires a layer of oxide when in contact 
with water, and the action is considerably quickened if carbon dioxide be present. 
I). Lely and L. Hamburger noticed that uranium is stable towards water and 
alkali-lye ; and J. L. C. Zimmermann found that uranium is not perceptibly 
attacked by soln. of potassium or sodium hydroxide. 

According to H. Moissan, electrolytic uranium catches fire in fluorine, burning 
brilliantly to produce a green volatile fluoride. 0. Ruff and A. Heinzelmann 
found that the tetrafluoride which is formed is accompanied by a small proportion 
of hexafluoride. E. M. Peligot also said that finely-divided uranium burns in 
chlorine with the evolution of much light and heat to form the tetrachloride. 
,1. L. C. Zimmermann gave 150° for the ignition temp, in chlorine, and added that 
a layer of chloride forming on the surfaces of the grains protects the interior from 
chlorination ; but H. Moissan gave 180° for the ignition temp, in chlorine, and 
added that the reactions with chlorine and with the other halogens arc all com- 
plete. J. L. (\ Zimmermann guve approximately 240° for the ignition temp, in 
bromine, and added that the metal burns without incandescence and is partially 
converted to the tetrabromide ; while H. Moissan gave 210° for the ignition temp, 
in bromine vapour, and added that the combustion proceeds with incandescence. 

J. L. (J. Zimmermann found that iodine vapour attacks uranium with difficulty, 
iorming the tetraiodide ; whilst Ii. Moissan gave 260° for the temp, at which the 
iodide is formed with incandescence. .1. Aloy observed that electrolytic uranium 
is easily attacked by iodine. Uranium is attacked by hydrogen chloride at a dull 
red-heat, forming a stable chloride ; and by hydrogen iodide at a red-heat. 
E. M. Peligot, and D. Lely and L. Hamburger found uranium to be soluble in dil. 
hydrochloric acid, forming uranous chloride and evolving hydrogen. J. L. C. Zim- 
mermann found that in the cold, cone, and dil. hydrochloric acid of sp. gr. L19 
and 11 1 attack uranium; the hydrogen is given off turbulent ly with the more 
cone, acid, and a hyacinth-red soln. ot the trichloride is formed, which becomes a 
green soln. of the tetrachloride when shaken in air. 

E. M. Peligot observed that boiling sulphur unites with uranium with incan- 
descence ; J. L. C. Zimmermann said that when uranium burns in sulphur vapour, 
the black disulphide is formed ; and H. Moissan found that the reaction takes 
place at 500° to form a black sulphide which is slowly attacked by hydrochloric 
acid, giving off hydrogen sulphide. Uranium also combines with selenium with 
incandescence. E. M. Peligot, and 1). Lely and L. Hamburger observed that 
uranium is dissolved by dil. sulphuric acid, giving off hydrogen and forming the 
uranous salt. J. L. C. Zimmermann found that dil. sulphuric acid, of sp. gr. 1*15, 
dissolves uranium slowly in the cold, and more rapidly when warm, forming 
uranous salt and hydrogen ; cone, sulphuric acid, of sp, gr. 1-85, when heated forms 
sulphur dioxide with the finely-divided metal, but the metal which has been 
previously melted is attacked only slowly. M. G. Levi and co-workers found that 
the reaction with a soln. of potassium persulphate is fairly rapid, forming a 
yellow soln. and giving off a gas ; the reaction is slower with a soln. of amimwimwi 

persulphate. 

H. Moissan reported that uranium has a great affinity for nitrogen, and unless 
great care be taken to avoid the action of this gas during the preparation of 
the metal a certain amount of nitride will be formed. 1. ZschukoiT said that the 
two elements interact at 1000°. W. P. Jorissen and A. P. 11. TiivcUi observed 
that nitrogen is evolved when uranium is exposed to cathode rays. The nitrogen 
is derived from the presence of 0-94 per cent, of nitrogen in the metal— probably 
as nitride. Powdered uranium reacts with ammonia above a dull red-heat 
with incandescence, hydrogen is evolved, and a black powder is formed. 
J- L. C. Zimmermann observed no perceptible action with aq. ammonia. 1 F. Haber 
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used uranium as a catalyst in the synthesis of ammonia (g.v.). F. Emioh observed 
that when uranium is heated in nitric oxide it bums very brilliantly to the trita- 
trioxide. E. M. P&igot found that with dil. nitric acid, nitric oxide is evolved 
and uranyl nitrate formed ; and J. L. C. Zimmermann showed that the metal 
which has been previously melted is only slowly attacked by warm nitric acid of 
sp. gr. 1-305 ; but the powdered metal is vigorously attacked, forming nitric oxide 
and uranyl nitrate. Red, fuming nitric acid attacks the powdered metal vigorously 
in the cold, but the fused metal is attacked very slowly. 

H. Moissan noted the ready formation of carbide when the metal is heated 
with carbon. J. L. C. Zimmermann noted that acetic add of sp. gr. 1-065 has no 
perceptible action. C. Beindl mentioned uranium as a catalyst in the synthesis of 
hydrocyanic acid from nitrogen, hydrogen, and carbon monoxide. A. Korczynsky, 
and 0. Schmidt discussed its use as a hydrogenation catalyst for organic substances. 
Uranium displaces the metals, in part even in the cold, from soln. of copper sul- 
phate, silver nitrate, sold chloride, mercuric nitrate, stannous chloride, and 
platinum tetrachloride— with mercuric chloride a mixture of mercury and 
mercurous chloride is formed. 

Some reactions of analytical interest. — Green soln. of quadrivalent uranium 
salts are readily oxidized to sexavalent uranyl salts ; and yellow uranyl salts arc 
readily reduced to green quadrivalent uranium salts — say when warmed with zinc 
and sulphuric acid. No precipitation occurs when soln. of either type of salt is 
treated with hydrochloric acid and then with hydrogen sulphide. Quadrivalent 
uranium salt soln. with ammonium sulphide rapidly darken in colour, and when 
boiled give a black precipitate ; whilst uranyl salt soln. precipitate brown uranyl 
sulphide which is soluble in dil. acids and in soln. of ammonium carbonate. Quadri- 
valent uranium salt soln. with alkali-lye or aq. ammonia give a voluminous pale 
green precipitate of the hydroxide, insoluble in excess— the precipitate rapidly 
oxidizes in air; uranyl salt soln. give yellow precipitates of the uranates-the 
precipitation is hindered by tartaric or citric acid, and hydroxylamine chloride, 
and in the case of aq. ammonia it is favoured by ammonium chloride. The pre- 
cipitate is soluble in soln. of ammonium carbonate. Mercuric oxide precipitates 
the uranium completely from Boln. of uranyl salts mixed with ammonium chloride. 
Quadrivalent uranium salt soln. give a pale green precipitate with ftlkuli car- 
bonates or hydrocarbonates ; the precipitate is soluble in an oxcosb of the hydro- 
carbonatc, and it is readily oxidized, while a soln. of ammonium carbonate pro- 
duces a similar precipitate, soluble in excess. Uranyl salt soln. with these reagents 
give orange-yellow precipitates of the alkali uranyl carbonate which is soluble in 
an excess of the precipitant. Quadrivalent uranium is precipitated from soln. of 
its salts by barium carbonate ; and similarly with uranyl salt soln. Quadrivalent 
urAnium salt Boln. with potassium ferrocyanide give a yellowish-green precipitate 
which on oxidation becomes reddish-brown ; uranyl salt soln. give a reddish-brown 
precipitate, or in dil. soln., a brownish-red coloration which becomes yellow when 
treated with potassium hydroxide. Quadrivalent uranium salt soln. with potas- 
sium ferricyanide give a yellowish-green precipitate which quickly oxidizes to a 
reddish-brown substance ; hydrofluoric add forms an insoluble fluoride. Uranyl 
salt soln. with sodium hydrophosphate give a precipitate of yellowish-white uranyl 
phosphate, or, in the presence of ammonium acetate, ammonium uranyl phosphate. 
Uranyl salt soln. give a precipitate of a peruranate with hydrogen dioxide, and 
with sodium dioxide ; the precipitate is soluble in an excess of the alkali dioxide. 
V. Auger 2 found that uranyl salts are not precipitated by CUpbrron* but if reduoed 
to uranous salts by zinc and acid, precipitation occurs. J. A. Biemssen found that 
ethylcnediaminc with uranyl salt soln. gives a yellow crystalline precipitate. 
Uranyl salt soln., particularly the nitrate, colour turmeric paper brown ; and, 
according to H. J. H. Fenton, give a brown colour with dioxymaleic add. 
J. H. de Boer discussed the violet coloration with alizasiliesulphonic add. 

The physiological action of uranium salts.— G. C. Gmelin,* A. Rabuteau, 
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and 0- le Conte showed that uranium salts are poisonous to the animal organism* 
TJ. Fischer and C. Hartwich say that uranium is included in the official lists of 
poisons in Germany and Russia, and that it is approximately as toxic as arsenic. 
J. Woroschilsky’s observations on mammals, birds, frogs, and worms show that 
however administered uranium is a very poisonous metal. C. le Conte said that 
the most characteristic symptom of poisoning by uranium is the high sugar content 
of urine. R. H, Chittenden and M. T. Hutchinson showed that uranium salts 
have a marked inhibitory influence on the activity of digestive ferments ; and 
R. H. Chittenden and A. Lambert showed that in experiments with uranyl nitrate 
on rabbits uranium is an irritant poison, and like other metallic irritants produces 
gastrointestinal irritation of more or less intensity. Rut it is not in any sense a 
rapid poison, and the injection of a fatal dose is not followed by any noticeable 
effects for some time. The action of a small amount (0*15 grm.) seems to be as 
rapid and pronounced as that of a larger quantity (1 grm.). The first noticeable 
symptom is muscular weakness ; the salt checks digestion, but apparently increases 
proteid metabolism to a slight extent : it increases the output of carbonic 
anhydride, raises the body temp., and finally leads to emaciation. In the kidney, 
a condition of acute nephritis and destruction of the renal tissue is found, like that 
produced in poisoning by arsenic, mercury, and phosphorus. Albuminuria is 
severe and constant. With small doses the volume of urine is increased, but when 
toxic action is pronounced there may bo partial or even complete suppression of 
that secretion. The production of glycosuria generally occurs after that of albu- 
minuria, but it is a very constant and characteristic symptom. The urine, in cases 
of uranium poisoning, invariably contains a large amount of crystallized calcium 
oxalate. In chronic poisoning by uranium, the nervous symptoms (loss of sight 
and of co-ordinating power) sometimes predominate, according to J. Woro- 
schilsky, F. Cartier, D. E. Jackson and F. C. Mann, and R. Fleckseder, owing 
to the coagulating action of uranium salts, observed by N. Kowalewsky, A. Muller, 
and B. Szilard, on albumin. Cone. soln. of uranium salts corrode the mucous 
membrane, transforming the walls of the stomach into a dead film of uranic 
albuminate. The subcutaneous injection of a non-corrosive uranium Balt produces 
glycosuria, with fatty degeneration of the walls of the blood-vessels and fatty 
changes in the liver and kidneyB, so that the animal wastes and dies. The sub- 
cutaneous injection of 0-5 to 2-0 mgrm. of U0 3 per kilogram will kill a cat, dog, or 
Tabbit. The nitrate or acetate introduced by the mouth produces gastroenteritis 
and nephritis, with hemorrhages in the substance of the kidney. 

0. Loew found that dil. soln. of uranium nitrate — say 0-1 per cent. — increased 
the yields of peas and oats, stimulating the production of straw and seed. Soln. 
with 0-2 per cent, of the salt poisoned young pea-plants in three days. J . Stoklasa 
found that with mdUotus alhus , the addition of an optimum quantity of 2-5 kgrms. 
per hectare of Boil, had a favourable effect on the total yield of dry matter. There 
was no indication of any toxic effect with 20 kgrms. per hectare. C. Acqua 
observed that when plants are grown in soln. containing traces of uranyl nitrate, 
root growth is rapidly arrested owing to the penetration of uranium into the nuclei 
of the meristem. It can be seen there in the form of a yellow substance, probably 
the yellow oxide. The chromatin of these nuclei is found to have disappeared, 
so that karyokinetic division is no longer possible. According to P. Becqueiel, 
there is an optimum dose with uranium salts which favours the maximum growth 
of the bacillus and above which they begin to exert a toxic effect. A dose of 1 in 
2500 has a marked inhibitory influence. H. Agulhon and T. Robert found that 
colloidal uranium of cone. 1-2 : 10,000,000 to 6 : 100,000, prepared by electrical 
dispersion, has a much greater effect in increasing the activity of the pyocyanio 
bacillus than has powdered uranium. Although oolloidal uranium is capable of 
accelerating the formation of pyocyanin for a race which produces it normally, it 
is incapable of producing the cinomogenio function in oultures of races which are 
devoid of this function. H. Bechhold, and M. Neisger and U, Friedemann dis- 
vol. xn. d 



34 INORGANIC AND THEORETICAL CHEMISTRY 

cussed the coagulating action of uranium salts on bacteria. W. Sigmund discussed 
the relation between the at, wt. and the degree of ionization on the physiological 
action of soln. of salts. 

Some iisea of uranium. — Very few of the applications of uranium at present 
known are of great industrial importance.* Uranium has been tried in the manu- 
facture of lamp-filaments and gas-mantles ; 5 in the manufacture of iron alloys ; 8 
in photometry ; 7 in photography for toning, etc. ; 8 as a dye or stain for textiles, 
leather, and wood ; 9 in medicine in the form of Uranwein for diabetes mellitus ; 10 
as a colouring agent- uranium yellow — in the form of ammonium or sodium 
diuranate, for glasses, glazes, and enamels ; 11 as a reagent for phosphates, etc., in 
analysis ; and as a catalytic agent in chemical processes. 32 
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§ 7. The Valency and Atomic Weight ot Uranium 

The early investigations of A. Schonbcrg, 1 J. A. Arfvedson, and J. J. Berzelius 
on the at. wt. of uranium are only of historical interest, because the dioxide was 
mistaken for the clement. After the recognition of the true nature of the element 
by E. M. Poligot, in 1841, and his subsequent detenu mat ion of the equivalent, it 
was a^umed that the at. wt. was about 120, and the valency is 3. In 1872, 
I). I. Mendeltaff 2 pointed out that there is no place in the periodic table for a 
torvalent element of at. wt. 120, and he emphasized the resemblance in the pro- 
perties of chromium, molybdenum, tungsten, and uranium considered as a family 
group. He therefore suggested that the at wt. be doubled so that uranium could 
be placed Inflow tungsten in the periodic table. He also represented the oxides of 
the element, by analogy with the other elements of the family, by the formulas 
U() 3l U 3 O g , and VO.,, implying that the clement can be quadrivalent and sexa- 
valent. The position of uranium in the periodic table, and comparisons of the 
properties of uranium with tlio.se of other members of the family group were 
made by F. W. 0. de Coninck, S M Losanitsch, H E. Roscoe, A. von (Jrosse, 
W. Mufhiminu, H. Rossi, E. J. Mills, ,1. L. (\ Zimmcrmann, 0. F. von der Pfordteu* 
M. M. Ueiber, and (J. Abbeguff. Isomorphism has very little to say about the 
relations of uranium with the other members of the family group. J. L. (J. Zimmer- 
ma tin's determinations of the vapoui density of uranium tetrachloride and tetra- 
bwmide ) 0. Ruff and A. Hemztdmarm's determination of the vapour density of the 
hexafluoride, and L. Hughvinicr s determination of the mol. wt. of the tetrachloride 
from its effect on the b.p of bismuth tuchloiide favour the doubled at. wt., 240. 
Similarly with the sp lit rule ; with V Sborgi's determination of the electro- 
chemical eq. of soln of uranium tetrachloride ; and with the high frequency or 
X-rav spectrum. The mass of evidence mounts to the altitude of proof that the 
at wt. of uranium, in agreement with the prognostications of T) I. JMendeleeff, 
approximates 240 ; and that uranium is a member of the chromium, molybdenum, 
and tungsten family ot elements. 

The observations of 0. Ruff and A. Heinzelmann on the vapour density of 
uranium hexafluoride establish the seiavalency of uranium ; and since ammoniacal 
soln. furnish ammonium uranate, in which the trioxide, U0 3 , appears as the 
anhydride of uranic acid, it is highly probable that uranium is scxavalcnt in this 
oxide, as well as in the uranyl derivatives U0 2 (N0 3 ) 2 , etc. The existence of 
uranium pentachlorido corresponds with a quinquevdlent uranium, but the evidence 
is not unequivocal. The quadriwlency of uranium in the tetrachloride and tetra- 
bromide has been established by the mol. wt. determination of J. L. C. Zimmer- 
mann, and L. Riigheimer, by the existence of the dioxide and disulphide, and 
by the isomorphism of thorium and uranium dioxides observed by W. F. Hille- 
brand, and of the disulphates observed by W. F. lJillebrand and W. H Melville. 
A. Rosenheim and co-workers obtained a complex with p}TOcatechol and quadri- 
valent uranium, namely 2{(NH4) 3 [U(r tt H 4 02)8|}f t flH 4 02 8H a O. The tervalency of 
UTanium is in agreement with the existence of the trihalides ; and the bivalency 
with the existence of the difluoride, monoxide, and monosulphide- -but the evidence 
is here not decisive. It is an open question whether uranium is ocfovdlent in the 
tetroxide, U0 4 , of F. G. Melikoff and L. Pistiarjowhky. 
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Although the earlier attempts to determine the at. wt. of uranium were vitiated 
by the erroneous assumption that uranium dioxide was the metal, this does not 
affect the analytical data. The methods of purifying uranium, however, were not 
good, so that although the data can be adapted to the new knowledge about the 
nature of the element, the results of J. J. Berzelius, 3 J. A. Arfvadson, and 
R. F. Marchand are unsatisfactory. C. F. Rammclsberg’s observations on the 
analysis of uranium tetrachloride vary so widely that they are best omitted when 
computing the general mean. There remain J. J. Ebelmen’s determination of the 
ratio U0 2 (0 2 0 4 ).H 2 0 : U0 2 from which is calculated 238 for the at. wt. of uranium ; 
and Ins determination of the ratio 3 UO 2 : U 3 0 8 gives 240. J. L. C. Zimmerman’s 
value for the ratio 3U0 2 : U 3 0g gives the at. wt. 239-6 ; and his value for the 
ratio Na(lJ0 2 )(C 2 H 8 0 2 )8 : Na 2 U 2 0 7 gives 240-2 ; I. Wertheim obtained 240 from 
the same ratio. E. M. Peligot obtained 240 from the ratio C0 2 : U 3 O g , and 
F. W. 0. de Coninck 238 4 from the same ratio. P. Lebeau calculated the at. wt. 
238-5 from the ratio U(0H) 4 (N0 3 ) 2 : U0 2 . J. Aloy obtained 2394 from the ratio 
N : U0 2 prepared by igniting the nitrate, measuring the resulting nitrogen, and 
reducing the uranium tritaoctoxide. 0. Honigwchmid and W. E. Bchilz calculated 
238-136 from the ratio UCI 4 : 4Ag, and 238*142 from the ratio UCl 4 :4AgCl. 
T. W. Richards and B. S. Merigold calculated 238-4 from the ratio UBr : 4AgBr, 
and with the sapae ratio 0. Honigschmid calculated 238-09 to 238-18; and 

O. Honigschmid and S. Horovitz, 238 05 to 238-17. From the ratio UBr 4 : 4Ag, 
T. W. Richards and B. S. Merigold calculated 238-4 ; 0. Honigschmid, 238-11 to 
238-18 ; and 0. Honigschmid and S. Horovitz, 238-06 to 238-17. F. W. Clarke 
calculated/ 238*977 as the best representative value or the general mean of the 
results /Available up to 1910 ; and J. Meyer, 238-2 for the results available up to 
1921. The International Table gives 238-2 for the best representative value. 
TJie at. wt. of uranium was discussed by A. S. Russell, and S. Meyer. 

The atomic number of uranium is 92. Uranium is the lost in the list of 
elements arranged according to their increasing at. wts. Thorium has the at. 
number 90 ; and the gap 91 is filled with the isotopes, protactinium and brevium. 

P. Vinassa discussed the molecular numbers. 0. Hahn 4 discussed the isotopes of 

uranium ; F. W. Aston was unable to measure the mass spectrum of uranium in 
order to determine the isotopes. Both thorium and uranium are regarded as 
elements whose nuclei are s o complex that they arc only partially stable, that is, 
they are very slowly undergoing a process of degradation into simpler forms. The 
electronic structure on N. Bohr's system is : (2) for the K-shrll ; (2, 6) for the 
L-shell ; (2, 6, 10) for the M -shell ; (2, 6, 10, 14) for the N-sbell ; (2, 6, 10) for the 
0-shell ; (2, 6, 4) for the P-shell ; and (2) for the Q -shell. This subject was dis- 
cussed by W. I). Harkins, C. 1 ). Niven, P. D. Foote, J . D. M. Smith, and J. N. Frers. 
The spontaneous disintegration of umnium has been discussed in connection 

with the radioactivity of uranium — 4. 26, 10 and 11. Ordinary uranium is there 
shown to be a mixture of two isotopes, designated uranium-I and uranium-11, 
with the respective at. wts. 238-2 and 234-2. The one is spontaneously passing 
into the other by way of the intermediate stages uranium-X and uranium-Xg — 
vide 4. 26, 10 and 11. The uranium-X, and helium in the form of a-rays, represent 
the products of the first stage in the spontaneous decay of uranium proper. 
E. Rutherford and J. Chadwick, 3 and H. Muller obtained negative results in the 
attempt to disintegrate the atom by bombardment with a-rays. The subject was 
discussed by G. I. Podrowsky. According to A. Gaschler, the radioactive trans- 
formation of uranium into uranium-X can be accelerated by an intense electric 
discharge. He said : 

In a narrow vortical tulie of fused quartz an olortrode of timgulon was 15 cm. above a 
t)i in layer of uranium oxide routing on mercury in which was embedded tho second tungsten 
electrode. The oxide was freed from all radio-active constituents before it was used. 
After frequent electrical discharges of 0-3 or 0-4 ampdre had passed for thirty hours from 
one electrode to tho oilier, definite and growing radio-activity manifested itself by the 
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presence ol 0-rayi and y-rsys. Moreover, the radio-active material was separated by 
chemical means and its half-period when measured proved to be that of uranium- X. The 
/9-ray and y-ray activity of the uranium oxido freed from the mercury varied betwoen 
i ’4 and 20 tiinee the radio-activity of an equally large amount of uranium oxide in equi- 
librium with its decay products, and increased proportionally to the energy applied and 
to the time. 
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§ 8. The IhtermetaDic Compounds of Uranium 

J. W. Marden and H. l\ Rentschler 1 said that uranium readily alloys with 
Tnetals—iwfc supra , uranium. Definite alloys of uranium with the alkali metals 
have not been reported, although A. Colani referred to alloys with sodium and 
potassium formed when uranous chloride is heated with an excess of these 
elements. H. Moissan 2 prepared some alloys of copper and uranium. Alloys 
with silver and gold have not been reported. A similar remark applies to alloys 
of uranium with the metals of the alkaline earths, beryllium, and cadmium. 
J. W. Marden obtained alloys with zinc by reducing mixtures of uranium oxide 
and zinc chloride by calcium. A. Colani referred to a binary alloy formed when 
uranous chloride is heated with an excess of magnesium, G. Tammann and 
J. II number* found that mercury dissolves 0-00014 per cent, of uranium at 
ordinary temp. J, Force obtained an alloy with mercury — that is, uranium 
amalgam — by electrolyzing an uq. soln. of uranous chloride using a mercury 
cathode — aide supra , pyrophoric uranium. According to A. 8. Russell and co- 
workers, uranium is deposited on zinc, tin, copper, or mercury when the liquid 
amalgam is shaken with an acidified soln. 

A, Colani referred to the formation of a binary alloy when uranous chloride is 
heated with an excess of aluminium. L. Guillet prepared alloys with aluminium 
by the aluminotkermite process. He used uranium oxide which he prepared from am- 
monium uranate. The ignition mixture consisted of barium dioxide and aluminium 
(4:1), which was ignited with a match. 11. Moissan prepared the alloys by 
adding a mixture of aluminium powder and uranium oxide to molten aluminium ; 
wart of the aluminium burns, and there is such an energetic development of heat 
that the oxide is reduced, and the metal alloys with the rest of the aluminium. 
jJ. Aloy prepared alloys by the electrolysis of molten potassium uranium hexa- 
'chloride with an aluminium cathode. V. A. Heller found that the production of 
aluminium-uranium alloys by the thermite method gives a very poor yield, but 
satisfactory results may be obtained by reducing a mixture of uranyl fluoride and 
uruuium tetrafluoride (formed by adding lJ a 0 8 to hydrofluoric acid) by means of 
metallic calcium in the presence of aluminium, the operation being conducted in 
an iron bomb. By this method an alloy containing 02*8 per cent. U, 34-8 per 
cent. Al, 1-4 per cent. Ca, 0-5 per cent. 0, and 0-25 per cent. Si was obtained. 
L. Guillet considers that two inteimetallic compounds are formed. Uranium 
hemitrialmninide, IT 2 A1 3 , is obtained by the thermite process from a mixture of 
110 grms. of aluminium and 390 grins, of uranium oxide. The cubic crystals are 
very hard. The compound is stable in air, but readily oxidizes when heated. At 
450' to 500°, chlorine forms red needles of the pontachloride, and at a higher temp., 
uranium tetrachloride — including, of course, aluminium trichloride. Water forms 
a film of green oxide on the alloy ; and aoids attack it readily. A mixture of 
135 grms. of aluminium and 365 grms. of uranium oxide, by the thermite process, 
furnishes uranium trialuminide, UA1 3 , in fine acicular, silver-white crystals. The 
sp. gr. is 5-32 at 20°. Their chemical properties resemble those of the hemitri- 
aluminidc. 

II. Moissan prepared alloys of uranium and titanium by the method he employed 
for alloyH with aluminium. A. Colani referred to a binary alloy with tin when an 
excess of that metal is heated with uranous chloride. J. A. Heany obtained 
an alloy with vanadium. H. Moissan, J. A. Heany, and A. Stavenhagen and 
E. Schuchard obtained an alloy with molybdenum ; and A. Stavenhagen and 
E. Schuchard the quaternary alloy U-Cr-Mo-Ti. J. W. Marden and H. C. Rent- 
schler, and H. Moissan, alloys with tungsten. The Westinghouse Lamp Co. 
obtained uranium-tungsten alloyH by shaking up a mixture of the finely-divided 
metals in a soln. of paraffin oil in ether, and then sintering them together. 
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§ 9. Uranium Dioxide and the Lower Oxides 

The chief oxides of uranium are the dioxide, U0 2 , and the trioxide, U0 3 , with 
the intermediate oxide, l; 3 0 H . There arc a few other less well-defined oxides which 
have been reported. C. Wagner and W. Schottey 1 discussed the system : uranium- 
oxygen. F. W. O. de Couinck and M. Carno found that the electrolysis of a 6 to 8 
per cent, soln. of uranyl nitrate yields a black, pulverulent, pyrophoric oxide — 
possibly uranium monoxide — vide supra , the electrolysis of uranium salts. A similar 
substance was obtained by reducing the pent uxule with hydrogen at a high temp. 
These conclusions lack confirmation. The pale green eoln, obtained by reducing 
uranvl salts with zinc gives a pale green precipitate when treated with alkali-lye, 
and the hyacinth-red soln, containing tervalent uranium also gives a pale green 
precipitate with alkali-lye. These products are supposed by A. Guyard to contain 
uranium d (hydroxide. The conclusion is not supported by the observations cd 

O. Follenius, A. Bclohoubek, H. Hermann, and J. L. V. Ziinmermann. According 
to E. M. Peligot, if a soln. of uranyl dichloridc is reduced with zinc and hydro 
chloric acid, tlie hyacinth-red soln. contains uranium trichloride, and gives a brown 
precipitate —probably uranium trihydroxide, l’(OH) s — when treated with aq. 
ammonia. This rapidly oxidizes to green tetraliydroxide, and thence to ammonium 
urunate. J. L. C. Zimrnermann discussed IheHe observations. A. Koscnheim and 
II. Lbbel also regarded the brown precipitate obtained by adding aq. ammonia to 
hydrochloric acid soln. of uranium trichloride to be uranium trihydroxide. Not 
infrequently reference is made in literature to uranium sesQuioxide, or hemi- 
trioxide, U 2 0 3 when, presumably, the tnoxide is meant, and the old at. wt. 120 
has been used. F. W. 0. de Couinck and M. Camo said that they prepared the 
leinon-yellow dehydrate, U 2 0 a .2H 2 0, and the orange hydrate , U2O3.H2O, and also 
black uranium hemipentoxide , l\»0 f „ by the electrolysis of soln. of uranyl nitrate 
as indicated above. The chemical individuality of these electrolytic products has 
not been established. 

The observations of M. 1J. Klaproth,- .1. B. Richter, 0. F. Bucholz, J. J. Ber- 
zelius, and A. Schonberg on the preparation of uranium by heating an intimate 
mixture of uranium oxide and carbon can be employed for the preparation of 
uranium dioxide, or uranous oxide, U0 2 . The properties of the old uranium are 
properties of uranium dioxide. J. Aloy found that uranium dioxide is formed in 
the electric arc furnace when the temp, is not high enough to produce the carbide. 

P. Jolibois and R. Boasuet found that to convert uranosic oxide into the dioxide 
by simple dissociation, it must be heated at 2000° in vacuo— vide infra , uranosic 
oxide. W. Biltz and H. Muller recommended heating the uranosu- oxide at 900° 
in hydrogen, when the product, is brown ; if a douse form of uranosic oxide is used, 
the product is dark brownish-violet. By heating the uranosic oxide in vacuo, 
W. Biltz and H. Muller, unlike E. Friederich and L. Sittig, could not get nearer 
U0 2 than U0 2 . 1B . Uranium dioxide was obtained by J. L. C. Zirnmermann by 
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heating the tritaoctoxide in an indifferent gas — carbon dioxide or nitrogen; and 
A. Ditto showed that the transformation proceeds quickly if the oxide be moistened 
with a few drops of hydrofluoric acid, and that the trioxide in the presence of the 
vapour of hydrogen fluoride forms the dioxide. I. Wertheim heated a mixture of 
uranium tritaoctoxide and oxalic acid ; J. J. Berzelius, and F. W. 0. de Coninck, 
uranyl oxalate ; and F. W. 0. de Coninck, uranyl bromide, sulphite, or sulphate out 
of contact with air. J. A. Arfvedson, A. Laugier, and L. R. Lecanu obtained the 
dioxide by heating to redness uranosic oxide in a current of hydrogen. P. Jolibois 
and R. Bossuct said lhat the reaction commences at 625° and is completed at 650°. 
O. F. von der Pfordten, and P. Sabatier and J. B. Senderens similarly heated the 
trioxide to redness in hydrogen gas and obtained the dioxide ; J. Aloy, uranyl 
hydroxide ; F. W. 0. de Coninck, uranium tiioxide, or uranyl sulphate, chloride, 
or bromide ; E. M. Ffligot, and P. Lebeau, uranyl nitrate ; J. J. Ebelmen, and 
H. Hermann, uranous sulphate ; E. M. Peligot, and J. J. Ebelmen, the oxalate ; 
and J. A. Arfvedson, potassium uranyl chloride — and washing out the potassium 
chloride and undecomposed salt with water. E M. P41igot added that the oxide 
should be allowed to remain m hydrogen until the containing vessel is cold, owing 
to the pyrophoric properties of the dioxide, but J. J. Ebelmen said that if the 
temp, be cherry-red, the dioxide, after cooling in hydrogen, is stable in air ; 
E. M. Pcligot heated potassium uranyl chloride in the absence of air ; and F. Wohler 
heated the alkali salt with an excess of ammonium chlonde, and washed the soluble 
matters from the resulting uranium dioxide. E. F. Smith and J. M. Matthews 
heated to whiteness for about 6 lire, uranium tritaoctoxide mixed with a large 
excess of ammonium chloride in a porcelain crucible packed with charcoal in a 
larger fireclay crucible. A. Colani obtained the dioxide by passing steam in a 
current of carbon dioxide over heated sodium uranium hexachlondo, and extracted 
the cold product with water. F. W. 0. de Coninck heated uranyl chloride with 
powdered magnesium, aluminium, lime, or baryta out of contact with air, and 
washed the cold product with water H. Rose melted uranyl phosphate with six 
parts of a mixture of equal proportions of sodium carbonate and potassium cyanide, 
and extracted the cold mass with water; uranium dioxide remained. J. J. Ebelmen 
reduced the hemipentoxide by heating it with sulphur ; and H. Hermann reduced 
the hemipentoxide, and also sodium uranate, with sulphur and ammonium chloride, 
and he also heated uranosulphate with potassium pentasulphide at 200° in a closed 
crucible ; in each case the products were washed with water. H. Hermann also 
reduced the tritaoctoxide and the trioxide by heating them in a current of carbon 
dioxide laden with the vapour of carbon disulphide. F. W. 0. de Coninck obtained 
this oxide as a black powder by the electrolysis of a soln. of uranyl nitrate- -vide 
supra. 

K. A. Hofmann and K. Hoschele prepared fine, black, cubic crystals of uranium 
dioxide by fusing together one part of sodium diuranate and 4 paits of magnesium 
chloride ; and W. E. Hillebrand, by fusing uranium tritaoctoxide with borax for 
a long time. Amorphous uranium dioxide is similarly converted into the crystalline 
variety by fusion with borax. 

A. Samsonofi prepared rollni^l uranium dioxide by electrolyzing a boIh. of 
uranyl chloride ; it appears as a black precipitate at the cathode. The precipitate 
in soluble in water, giving a dark-coloured soln. which shows the presence of ultra- 
microscopic particles. A very dil. soln. has a yellow tmge, and the absorption 
spectrum indicates that neither a uranous nor a uranyl salt is present. In an 
electric field the soln. becomes decolorized at the anode, and precipitation takes 
place at the cathode. On addition of electrolytes, coagulation phenomena character- 
istic of the positive colloids are observed. The same substance is also obtained in 
the reduction of uranyl chloride by zinc or copper in dil. acid soln. Uranous 
chloride acts as a protector, and increases the stability of the colloidal soln. 
E. M. Peligot found that when alkali-lye or aq. ammonia is added to a soln. of a 
uranous salt, a reddish-brown gelatinous precipitate of the hydrated dioxide is 



URANIUM 41 

forinecL The flocoulent precipitate becomes black and compact when boiled. 
TTnxr r* 6 * s dried in vaouo it approximates to the monohydrai^ 

UO^HgO. This rapidly oxidizes in air, and dissolves in acids to form uranona 
Y: Aloy obtained a black dihydrate , U0 2 .2H 2 0, or, possibly, Ufaarai 
nyoW®lfi® s U(OH) 4 , by the action of hot alkali-lye on crystalline uranous sulphate. 
The product when thoroughly washed can be kept for several days without per- 
P^Pjjble change. When heated it passes into the green tritaoctoxide. It is soluble 
in dil. acids. 

Uranium dioxide has been variously described as forming a black, crystalline 
powder (F. Wohler) ; iron-grey needles (C. F. Bucholz) ; black, lustrous scales 
/t? xf P41igot) ; reddish-brown powder when free from nitrogen and chlorine 
(E. F. Smith and J. M. Matthews) ; reddish crystals- which are transparent under 
the microscope (A. Colani) ; metallic powder consisting of microscopic, regular 
octahedra (J. A. Arfvedson) ; and E. M. Peligot, and J. Aloy, as a black, or brown, 
pyrophoric powder. E. Friederich and L Sittig found that blue and brown forms 
are produced when uranosic oxide is heated over 1000° in nitrogen and hydrogen 
respectively. F. W. 0. de Coninck observed that a brick- red variety is produced 
when uranyl bromide is heated in air ; it is said to be very stable at high temp., 
and to pass into the black variety without loss of oxygen when it is heated 
in hydrogen. For the colour of the oxide, vide infra , uranium trioxide. L. Pauling 
discussed the crystal structure. W. F. Hillebrand, and A. Schoep found that the 
octahedral or cubic crystals are isomorphous with those of cerium and thorium 
dioxides. V. M. Goldschmidt and L. Thornassen found that the X-radiogramfl of 
uranium, thorium, and cerium dioxides correspond with a face-centred, cubic 
lattice with the oxygen atoms arranged probably on the calcium fluoride type. 
The edges of the unit cube are 5-47 A. for uranium dioxide, 5*41 A. for thorium 
dioxide, and 15-41 A. for cerium dioxide — vide infra , pitchblende. A. E. van Arkel 
gave a~5*48 A . W. Biltz and H. Miillcr made some observations on this subject. 
E. J . Cuy estimated the interatomic distances in the crystal to be 2-37 A. M. II. Klap- 
roth gave 6-44 for the specific gravity ; J. B. Richter, 6 94 ; C. F. Bucholz, 9*0; 
and J. J. Ebclmen, 10*15. A. Raynaud gave 8-2 for the sp. gr. of the dioxide 
prepared at 300 o -320 c \ W. F. llillcbrand found that the crystals had a sp. gr. 
between 10*95 and J 1-0 al ordinary temp., and referred to water at 4°. W. Biltz, 
and W. Biltz and H. Muller gave 10*82 at 25 u /4° for the sp. gr. of the oxide which 
had been heated to 13M° , 24*97 for the molecular volume, and 6-15 for the at. vol, 
of the oxygen— u ide infra , uranium trioxide, and uranosic oxide. H. V. Regnault 
gave 0*0619 for the specific heat. 0. Ruff and 0. Goecke found that the oxide 
has a melting point of 2196° in an atm. of mtrogen. E. Friederich and L. Sittig 
gave 2500°-2600° for the m.p. of the blue and brown dioxides. The great stability 
of this oxide misled the earlier investigators into the belief that they were dealing 
with a veritable element. For the volatilization of the dioxide, mde infra , uraninm 
trioxide. E. Friederich and L. Sittig observed that when the dioxide, is heated on 
tungsten filaments in hydrogen or in nitrogen complete volatilization occurs in a 
few minutes. W. G. Mixter found the heat of formation to be U+0 2 =U0 2 +256 
Cals. ; and heat of oxidation, U0 2 +0— UO s -+34*2 Cals. J. 0. Perrine observed 
no fluorescence with ultra* violet light. J.Vrede studied the dioxide as a detector 
of electromagnetic waves. M. K. Slattery found that a trace of the dioxide added 
to many salts — e.g. sodium or lithium fluoride — renders them fluorescent in ultra- 
violet light. E. Friederich and L. Sittig found that when the powdered oxide is 
pressed into rods and then heated to 1000°, the sp. electrical resistance at room 
temp, of the blue dioxido is 30 x10 s ohms per sq. mm., and that of the brown 
dioxide is 26*5x10° ohms per sq. mm. M, Ic Blanc and H. Sachse gave for the sp, 
conductivity, K , of uranium dioxide : 

20’ 50° 100° 150° £00° 800° 400 s 600° 

K 2-4 X 10~ 4 4-0x10-* 1-0x10“* 50x10-* l*0x 10“* 2*5xl0“» 4*0X10“* 7 0x10“* 

C. A. Fierll found the electrode potential of the black oxide is the same as for the 
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green uranium tritaoetoxide (q.v,), R. Luther and A. C. Michie found that uranous 
Malts are strong reducing agents even in acid soln. ; the oxidation by atm , oxygen 
is accelerated by iron salts, platinum blade, and especially by copper salts. The 
difference of potential between a platinized platinum electrode and a soln, of uranous 
and uranyl salts in sulphuric acid is given by *= c 0 + (RT/2F) log [U0 8 ,, JH’J 4 /[U“ , 'J 1 
where e 0 is 0*419 volt more positive than the normal calomel electrode, or 0-696 volt 
more positive than the normal hydrogen electrode — vide supra, uranous sulphate. 
The magnetic susceptibility of this oxide, 7-51 xl0~ 6 , is greater than that of the 
metal or of any of the higher oxides. S. Freed and C. Kasper studied the subject. 

According to’ J. L. C. Zimmerinann, the dioxide, unlike uranium trioxide, has 
strongly basic properties, readily forming uranous salts with acidic radicles. 
0. Schmidt studied the adsorption of argon. Some of the modes of preparation 
show that it is not reduced when heated in hydrogen. F. W. 0. de Coninck found 
that when the red forms are heated in hydrogen they pass into the black variety 
with the loss of only a trace of oxygen. C. F. Rammelsberg said that when prepared 
by the hydrogen reduction process, the dioxide is contaminated with occluded 
hydrogen. H. von Wartenberg and co-workers found that uranium dioxide 
cannot be reduced by hydrogen at a press, of about 5 atm. and up to 2500°. 
E. M. Peligot found that when uranium dioxide is prepared at a low temp, it oxidizes 
very easily with incandescence when heated in air, and that it is pyrophoric, form- 
ing the green tritaoct oxide- this was shown by the analyses of J. A. Arfvedson, 

J. J. Berzelius, R. F. Marehand, lfi M. Peligot, J. J. Ebelmen, and E. F. Smith and 
J. M. Matthews. The varieties prepared at higher temp, do not oxidize so readily. 
The powdered variety may glow when heated to a high enough temp, and swell up 
as the tntaoctoxide is formed. This glowing was observed by C. F. Bucholz, 

J. A. Arfvedson, L. R. Lccanu, and E. IX Clarke ; P. Sabatier and J. B. Scnderens 
observed that with a sample they prepared, the oxidation was effected without 
glowing ; and J. Aloy found that a sample prepared at a high temp, was oxidized 
at a red-heat rather slowly. P. Jolibuis and R. Bossuet said that the oxidation of 
the dioxide in oxygen proceeds very rapidly, the action commencing at about 185°. 
E. D. Clarke found that the oxide burns vigorously with sparking when it is lickted 
in the oxyhydrogen blowpipe flame. H. V. Rognault found that when the oxide 
is heated to redness in water vapour, the tritaoctoxide and hydrogen are formed. 
According to F. W. O. de Coninck, an 11 veil. soln. of hydrogen dioxide slowly 
converts the dioxide into the monohvdrate, which then oxidizes to the trioxide. 

E. M. Peligot found that at a red-heat chlorine converts the dioxide into uranyl 
chloride, and that when mixed with carbon, chlorine converts it into uranium 
tetrachloride- H. E. Roscoe said the ]>entachloride ; H. Hermann found that a 
mixture of the dioxide and carbon heated in bromine vapour furnishes uranium 
tetrabromide. E. M. Peligot found that hydrogen chloride does not attack the 
red-liot dioxide ; and the dioxide does not dissolve in boiling dil. hydrochloric 
add ; but J. Aloy found that a little dioxide is dissolved. A. Colani said that 
dissolution continues slowly and continuously over a long period of time at a rate 
varying with the mode of preparation of the oxide ; and A. Raynaud, that it 
requires 31(X) grms. of hydrochloric acid of sp. gr. 1*17 to dissolve a gram of the 
oxide at 17°, and 4650 grms. of hydrobromic add of sp. gr. 1-52 to dissolve the same 
amount of dioxide. The solubility is a little greater in the boiling acids. 
L. R. Lccanu observed very little action when the dioxide is heated to redness 
with sulphur, and J. J. Ebclmcn said there is no reaction. J. A. Arfvedson found 
that hydrogen sulphide produces no change at a red-heat. F. Bourion found that 
Sulphur monochloride converts the dioxide at 230° to 250° into uranium tetra- 
chloride. E. M. Peligot said that boiling dil. sulphuric add has no action on the 
dioxide, but it dissolves in the cone, acid— 0. F. von der Pfordten, H. Rose, and 
J. J. Ebelmen found that a green soln. of uranous and uranyl sulphates is formed. 
A. Raynaud found that it requires 2200 grms. of sulphuric acid of sp. gr. 1*79 to 
dissolve a gram of the dioxide at 17°. The solubility is greater in the boiling acid. 
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A. Colam added that while only a email amount goes into so!n., a considerable 
amount 10 converted into insoluble sulphate. 0, Schmidt studied the adsorption 
of mtfptf&E, and of ammonia. G. Gore found that the dioxide is slightly attached 
by liquid ammonia, and H. Rose, that it is insoluble in a soln. of ammonium chloride. 
According to P. Sabatier and J. B. Senderons, nitrous oxide at 450° has no action, 
but at 600° oxidation occurs ; nitric oxide at 500° acts vigorously ; and nitrogen 
peroxide at 500° forms a basic nitrate. F. W. 0. de (Joninck found that dil. nitric 
acid hydrates the dioxide in the cold, and when warmed the dioxide is dissolved, 
forming, according to A. Raynaud, uranyl nitrate. It is also soluble in aqua regia. 
A. Raynaud added that the solubility in nitric acid and in aqua regia increases 
Rlowly and regularly between 0° anrl 20°, more rapidly between 20 n and 50°, and 
shows very little change from 50° to 100 ,J . The solubility of the dioxide in acids, 
in a given time, varies greatly with the previous thermal history of the dioxide. 
H. C\ Greenwood found that when the dioxide is heated with carbon in vacuo, a 
reaction begins at 1490’, and carbon monoxide is formed ; E. Ticde and E. Birn- 
briiuer gave 1600°. 0. Heusler found that the 1 equilibrium between uranium 

dioxide and carbon can be represented by log p- -12-09- 19100T 1 between 1480° 
and 1801°. The heat consumed by the evolution of a mol of carbon monoxide is 
87-3 Cals. 0. Schmidt studied the adsorption of carbon monoxide, carbon dioxide, 
methane, ethane, and ethylene. A. Michael and A. Murphy observed that when 
the dioxide is heated at 250° with carbon tetrachloride in a sealed tube a little 
uranium lei rut hloride is lormed ; and If. Hermann showed that at a red-heat 
Carbon disulphide lorms r0 2 .2VR 2 , but a nnxlure of carbon dioxide and disulphide 
vapour has no action. J\ Sabatier and A. Mail he found that formic acid, in contact 
with heated uranium dioxide, is catalytically transformed into carbon dioxide and 
vuter. A. Raynaud found that it requires over 12, OCX) grins, of acetic acid to 
dissolve a gram of the dioxide at 17\ The solubility is rather greater in boiling 
acid. 1 

P. Plantamour found that potassium at the temp, of vaporization does not 
read with the dioxide. According to E. F. Smith and 0. L. Shinn, and 
J. Ebelmon, uranium dioxide resembles molybdenum dioxide in reducing 
ammoniacal soln. of silver salts: U0 2 +2.Ag f 20H'— U0 3 f 2Ag-fH 2 0. 

F. lsarnbert also found that hydrated uranium dioxide acts on a neutral soln. of 
silver nitrate, first precipitating silver oxide : 4AgN0 3 +l 1 0 2 — 2Ag 2 0 4-U(N0 3 )4 ; 
and the green soln. soon turns yellow as t he oxide is reduced to silver with the forma- 
tion of a yellow uranyl salt : U(N0 3 ) 4 4 2Ag«0-“lH) 2 (N0 3 )2+-2AgN0 3 +2Ag. 

R. Halvadori found lhat when a soln. of hydrazine hydrate and uranyl nitrate 
is boiled for 20 minutes, a green precipitate of hydrazine uranito, (N 2 H 5 ) 2 0.7U02. 
6I1 2 0, is formed. IT. Debray fused cupric uranyl phosphate with sodium carbonate, 
and washed out the sodium phosphate from the cold product; there remained 
crystals of copper tetraur&nite, CuU 4 0 7 , resembling aventuriuc. K. A. Hofmann 
and K. Hoschelc obtained a deep blue substance approximating cerium uranite, 
U0 2 .2Ce0 2l in cubic crystals by heating u mixture of 5 parts of cerous sulphate 
and 2 parts of uranyl sulphate with an excess of magnesium chloride in a covered 
crucible for about 15 hrs. The blue dt hydrate was obtained by adding ammonia 
or dil. alkali-lye to a mixed soln. of 30 grms. of uranyl nitrate and 45 grins, of 
cerous nitrate. 
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§ 10. Uranium Oxides between the Dioxide and Trioxide 

According to E. M. P&igot, 1 by calcining uranium trit&octoxide, or uranyl 
nitrate, and rapidly cooling the product, uranium hemipentoxide, or Himply 
pentoxide, U 2 0 6 , is formed. F. Wohler, and B. Drenckmann obtained it by 
rapidly heating uranium dioxide in air, and rapidly cooling the product ; F. Janda, 
by heating amjnonium diuranate in a graphite crucible ; F. W. 0. de Coninck, by 
rapidly heating uranyl sulphate to redness ; and F. W. 0. de (Joninck and M. Camo, 
by the electrolysis of a eoln. of uranyl nitrate — vide supra. A. Colani obtained it 
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aa a by-product in preparing uranium tetrachloride. It is sometimes represented 
as U 4 Og, but this formula is based on the halved at. wt. C. F. Rammelsberg 
represented it by U0 g (U0 2 )0, but A. Remele, and C. F, Rammelsberg regarded its 
individuality as doubtful. J. J. Ebelmen, A. Colani, and J. L. C. Zimmermann 
regarded it as a mixture of the dioxide and the tritaoctoxide. C. Stahling found 
that the green oxide of uranium hydrates slowly on exposure to air, but not so 
with the black oxide formed by caloination ; and he suggests that the black oxide 
is uranium hemipentoxide. The hydration explains how the radioactivity of the 
green oxide but not of the black oxide changes in air. P. Lebeau, and P. Jolibois 
and R. Bossuet consider that the black oxide is U 3 0e> and that there is no evidence 
of the formation of an intermediate oxide. A. Colani observed no evidence of its 
formation in his study of the dissociation press, of uranium tritaoctoxide, 
Us 0 8 ^3U0 2 +0 2 ; but R. Schwarz obtained indications of its existence ; and he 
added that by igniting the higher oxide in a stream of carbon dioxide in an electrio 
furnace at 1122°, a black residue was obtained corresponding approximately in 
composition with the formula U 2 0 6 ; traces of nitride were produced when nitrogen 
was employed. The contrary results of J. L. 0. Zimmermann were vitiated by his 
use of a platinum crucible over a gas flame, which permitted reduction. Uranium 
hemipentoxide is described as a black powder which is stable in air. E. M. Piligot, 
and F. W. 0. dc Coninck and M. Camo found that it is transformed into the dioxide 
when heated in hydrogen : it dissolves in acids to form a mixed soln. of uranoua 
and uranyl salts. A. Colani added that acetic acid extracts uranium trioxide, 
and leaves the dioxide ; and the slow evaporation of the soln. in sulphuric acid 
gives uranyl sulphate. 

The calcination of powdered uranium furnishes uranium tritaoctoxide, U 8 0g, a 
compound analyzed by J. J. Berzelius, 2 J. A. Arfvedson, R. F. Marchand, 
J. J . Ebelmen, E. M. Pcligot, etc. C. F. ttanimelsberg represented it by the formula 
U0 2 .2(U0 2 )0 ; or uranosic oxide, U0 2 21J0 3 . It can be regarded as uranyl 
uran&te, (U0 2 ) 2 U0 4 ; or, according to the suggestion of J. L. 0. Zimmermann, 
favoured by P. Groth, as uranous uranate, C(U0 4 ) 2 , since it, contains both quadri- 
valent and sexavalent uranium atoms : 


0\ [T O' 
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The chemical properties are more m accord with the assumption that it is 
uranosic oxide, U0 2 2U() 8 . rather than that it is either uranyl uranate, (U0 2 ) 2 U0 4 , 
or uranous uranate, U(U0 4 ) 2 . The early workers found that this oxide is produced 
when any of the uranium oxides or hydrated oxides, or any of the uranium salts 
with a volatile base or acid, is calcined at a red-heat in air — e.g, uranyl nitrate, 
ammonium uranyl carbonate, ammonium uranate, etc. H. Moissan recommended 
uranyl nitrate ; and W. F. 0. de Coninck, uranyl sulphate. A. Colani recommended 
a temp, exceeding 900° ; H, N, MacCoy and G. C. Ashman, 700° — vide infra for the 
conditions of stability. P. Jolibois and R. Bossuet found that the uranium trioxide 
passes into uranosic oxide at 502°, and that the action is irreversible ; the only 
product obtained when the dioxide is heated in oxygen is uranosic oxide. The 
dissociation press, of uranosic oxide at 900° is approximately the same as the 
partial press, of the oxygen in air, and E. Friodcrich and L. Sittig added that it is 
not advisable to heat the oxide, over 1100°, in accord with R. Schwarz’s recom- 
mendation, but by slowly cooling the oxide in air, any dissociated uranosic oxide 
may take up oxygen. They therefore recommended preparing uranosic oxide by 
heating one of the other oxides in oxygen at 900° -1000°. Brown uranium dioxide 
prepared below 600° began to assume the dark green colour of mixtures of U a 0 8 
find U0 2 when warmed to 600°, and it ultimately passes into the green oxide. If 
kept from the flame gases, uranosic oxide can be prepared below 800°. It is then 
coloured moss-green ; whereas if prepared over 800° the colour is nearly black — 
tads infra, uranium trioxide. H. V. Regnault obtained uranosic oxide by passing 
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steam aver the red-hot dioxide. The extraction o{ the oxide from pitchblende 
has been previously discussed. The commercial oxide is impure. E. Donath 
recommended preparing the oxide by reducing uranyl acetate to urauium dioxide 
by heating it in hydrogen } treating the product with nitric acid, and calcining the 
resulting nitrate; and F. Giolitti and G. Tavanti, by adding 300 c.o. of cone, 
ammonia to a soln. of 100 grms. of sodium uranyl acetate in 4 litres of water and 
50 c.c. of hydrochloric acid, washing the precipitate ten times with a 2 per cent, 
soln. of ammonium chloride, and then dissolving it in hydrochloric acid. The 
precipitation with ammonia and the washing are repeated twice, and the product 
is finally calcined J. L. 0. Zimmermann recommended the following process : 

The commorrial oxido ih dissolved in hydrochloric arid, sat. with hydrogen sulphide, 
and allowed to stand for a long time. The liltrab* from arsenir sulphide, etc., is treated 
with an excess of ammonia and anuiionium caibonnte, ami ammonium sulphide added to 
the warm soln. The filtrate is mixed with an excess of hydrochloric acid, and boiled to 
drive out the dissolved carbon dioxide, and the uranium precipitated as uranyl sulphide 
by the addition of ammonia and ammonium sulphide. The moIii. is warmed on a water- 
bath to decompose tlio ammonium sulphide f and the mixtuio ot uranium sulphide and 
sulphur is well washed with water, and heated o\ er a blast -burner. The lcsulting uranosie 
oxide is dissolved in nitric acid, and uranvl nitrate is ri \ stalli/cd from the filtrati . This 
salt is dissolved m ether. And the filtrate evaporated to dryness on the w ater-batli, and 
calcined. The treatment on the remitting uranosie oxide run be repeated unco more. 

A. N. Pilkoff discussed the subject ; and E. Wilke-Dorfurt made the following 
observations on the preparation of the tritaoctoxide. from cloeitc residues used for 
the extraction of helium. A soln. of the nitrate which had been purified from the 
rare earth metals and thorium by oxalic and, anti fiom extraneous heavy metals by 
hydrogen and ammonium sulphides, yield* an oxide, winch iv not free from alkali. 
The presence of the latter is attributed to co-pi capital ion of urnnatc, and not to 
adsorption, and can therefore be avoided by the reduction of the uranium. By 
suitable regulation of the action of ammonium sulphide, it is possible to precipitate 
UJranous instead of uranyl sulphide, and this substance does not show any tendency 
to retain alkali ; the latter, if absorbed, can be removed by double precipitation, and 
avoided by working with smaller quantities. The sulphide is readily converted into 
uranous chloride, which is transformed through the hydroxide into the nitrate ; the 
latter is oxidized by nitric acid to uranyl nitrate, which is purified by being crystal- 
lized from water, and then converted into the oxide, U 3 0 8 , in which the presence of 
traces of alkali cannot be detected spect roscopically. The frequently-recommended 
crystallization of uranyl nitrate from ether is not desirable, since, on the one hand, 
the product so obtained is not free from alkali, and, on the olhei, the explosive 
tendency of the ethereal soln. renders it unsuitable for "Working with very valuable 
material. (\ L. Parsons obtained thy oxide on a large scale 

J. J. Berzelius, and J. A Arfvedson added ammonia to soln. of uranosie oxide 
in acids, and obtained a precipitate ranging in colour from dark green to purple- 
brown. The soln. behaves like a mixture of uranous and uranyl salts ; the pre- 
cipitate, in the absence of definite proof, has been regarded as hydrated unuiOHC 
oxide. C. F. Rammelsberg treated uranium tetruchlonde with ammonia, and 
obtained a precipitate which takes up oxygen, forming, as he thought, the hrxa- 
hydratr , U 3 0 8 .6H 2 0, when dried in vacuo over cone, sulphuric acid. According to 
J. J. Ebelmen, violet -brown flakes are obtained when a soln. of uranyl oxalate 
is exposed to sunlight— vide supra. J. Aloy obtained a similar product with a 
90 per cent, alcoholie soln. of uranyl acetate or an aq soln. of uranyl acetate mixed 
with ether ; J. Zehenter obtained a similar product by the action of light on uranyl 
acetate without the presence of alcohol or ether. J. Aloy and co-workers observed 
that a soln. of any uranyl salt in the presence of a readily oxidizable organic sub- 
stance- e.q. alcohol, ether, or glucose — when exposed to light or ultra-violet rays 
yields a violet precipitate containing sonic of the acid present in the original salt. 
This acid can be removed by washing with boiling water. The precipitate was 
considered to be the thhydrate , U a 0 8 .2H 2 0. J. Aloy and E. Rodier represented 
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the violet product of the action of light on uranium salts by U0 2 (OH).O.U(OH) 2 . 
0.tJ0 2 (0H)f! A similar product is obtained, without the action of light, whenever 
uranous and uranic salts are present in neutral or feebly acid soln. at the requisite 
temp. The evidence of the chemical individuality of these hydrates is not decisive. 

ITranosic oxide usually appears as a dark green powder — hence it is sometimes 
called green oxide of manvwm. According to A. Remel6, the colour depends on its 
mode of preparation, ranging from black through dark olive-green to green — vide 
infra , uranium trioxide ; but, in any case, J. L. 0. Zimmermann found that the 
streak on biscuit porcelain is always green. A. Staehling thought that the black 
and green oxides are allotropic forms of uranosic oxide— -i tide infra. P. Lebe&u 
found that both have the same ultimate composition, and that the black oxides 
are stable in air and can be heated at 1(XK)° under atm. press, without decom- 
position ; whilst the green oxides, prepared at temp, below 800°, contain varying 
amounts of uranium trioxide and can undergo change when exposed to moist air, 
the uranium trioxide present undergoing hydration. V M. Goldschmidt and 
L* Thomassen, and W. Biltz and H. Muller found that the crystal structure deduced 
from the X-radiogram of uranosic oxide ih irregular — vide infra, pitchblende. 
C. J. B. Karsten gave 7 31 for the specific gravity, and J. J. Ebelmen, 7*31. 
W. F. Hillebrand gave for the sp gr. at 19*1 * to 30*3 °/4°, and the molecular 
volumes of the oxides UO n . 


n . 

2 417 

2-201 

2051 

2-022 

2-005 

8p. gr. . 

10-15 

10-98 

10-83 

10-82 

10-96 

Mol. vol. 

. 27-28 

24-00 

25-02 

25-01 

24-09 


The results of W. Biltz and H. Muller are indicated below in connection with 
uranium trioxide ; and .similarly also with the volatilization of uranosic oxide. 
M. L. Phillips studied the radiation of light from uranium oxide. E. Donath 
obtained 0*079711 for the specific heat near ordinary temp. ; and A. S. Russell 
0-0616 between 0 and 77 J , and 00128 between - IV and —190°; or 0*0429 
at —134°, 0*0616 at - 39 , and 0*0710 at 22 , with the corresponding values for 
the molecular heat 36*1 5, 01*96, and I>9-8j respectively. E. M. Pfligot observed 
a loss of 0-7 to 1*0 per cent of oxygon when uranosic oxide is vigorously calcined, 
and it pAsseR into the pent oxide , but V. F. Rammelsberg found that it is stable 
at temp, high enough to enable uranium to be quantitatively determined in this 
form. P. Jolibois and U. B r issue t found that with 3 hrs ’ heating in vaouo, at 1000°, 
uranosic oxide only lost a very small fraction of its oxygen. J. L. C. Zimmermann 
said that uranosic oxide is stable at a red-heat only in oxygen gas , a little oxide 
is lost if it be heated in air to redness and rapidly cooled ; and W. F. Hillebrand 
showed that if it is heated under molten borax, uranium dioxide is formed. 
J. L. C. Zimmermann observed that the read ion t^Og^SlTOa+Og is reversible, 
and that equilibrium is very slowly attained. A. Colani found that the dissociation 
pressure p mm. is ; 

625 ° 745 ° 850 040 " 1 ) 00 ° 1055 ° 1125 8 1165 8 

p . .15 20 108 157 208 248 281 315 

and by extrapolation, p=76() mm. between 1400° and 1500°. This shows how 
the higher oxide passes into the dioxide when heated in an inert gas, or in the 
presence of fused borax. C. Zengelis observed a discoloration on silver suspended 
over a layer of the oxide in a closed vessel, indicating a slight vaporization at 
ordinary temp. P. Jolibois and K. Bossuet found that uranous oxide lost only a 
very small fraction of oxygen when heated for 3 hrs. at 1000° in vacuo ; and to 
convert the tritaoctoxide completely into the dioxide required a temp, of 2000° in 
vacuo. W. Biltz and H. Miiller represented the effect of heat at different temp, and 
press, on uranosic oxide by curves resembling Fig. 5. Uranium trioxidc (g.w.) is not 
formed. Observations were also made by G. P. Huttig, and C. Wagner and 
W. Schottky. 0. Staehling discussed the radioactivity of the uranium oxides— 4. 26, 
ll ; and A. L. Helfgott, the radiation. W. G. Mixter gave for the heat of formation 
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3U +402=U 3 0 8 +845 2 Cals, ; and for the heat of formation from uranium dioxide 
78 Cab. — W. Silts and H. Muller calculated 117 Cals, from the equilibrium constant 
of the reaction: U a 0 8 +2H S =2H 2 0+3U02. C. Staehling observed that the 
freshly-calcined oxides lost from 1 to 30-7 per cent, of their radioactivity when kept 
for about five years, and half the activity was lost during the first six months. 
The loss was greatest with the green oxide and least with the black oxide. If the 
oxide be converted into nitrate, and calcined for uranosic oxide the original 
activity is restored, but it immediately commences to diminish as before. The 
activity can be restored by simple calcination. During the process of restoration, 
the oxide undergoes loss in weight, due, for the most part, to the removal of 
moisture. The black oxide which shows little loss in activity also shows little loss 
in weight or alteration m activity on calcination. The green oxide on exposure 
to the air in thin layers undergoes hydration as well aB a loss in activity, the hydra- 
tion presumably diminishing the superficial density of the uranium atoms. The 
black oxides obtained by calcination at high temp, do not hydrate and show little 
or no decrease in radioactivity. These are supposed to show that the black oxide 
is probably an allotropic modification of the green oxide. A. Dorabialska, and 

E. Wiegand studied the radiation of heat from 
the oxide. J. 0. Perrine observed no fluorescence 
with ultra-violet light ; M. L. Phillips, the radia- 
tion from the oxide ; and E. L. Nichols and 
D. T. Wilber, no flame phosphorescence. W. T. 
Jorissen and W. E. Ringer found that 100 mgrms. 
of uranosic oxide, after an hour's exposure to 
cathode rays and cooling, weighed 71-2 mgrms. 
The radioactivity was also increased about 30 
per cent H. N. MacCoy and G. C. Ashman 
recommended thin films of uranosic oxide as a 
standard for a-ray activity. The radioactivity was 
studied by W. P. Widdowson and A. S. Russell, 
B. B. Boltwood, etc.— vide 4 26, 2. F. Behounck 
observed no increase in the radioactivity of uranosic oxide by exposure to 
sunlight. The subject was studied by 8. Maracineanu. I). K. Goralevitsch 
recommended U 3 0 8 as a standard for radioactivity. The subject was studied 
by A. B. Verigo. G. Kirsch and H. Pettersson studied the reflection of 
a-particles. J. Vrcde studied uranosic oxide as a detector of electromagnetic 
waves. According to F. Streintz, the electrical conductivity of the compressed 
powder iB negligibly small. E. Friederich and L. Sittig compressed the powder 
into rods, heated them in oxygen at 1000°, and found the sp. resistance to be 
42x10® to 45 X 10® ohms per Bq. mm. at ordinary temp., and about one-tenth this 
value at 300°. M. lc Blanc and H. Sachse gave for the sp. coi ductivity, K : 

20° 50** 100° 160° 200° 800° 400° 500 s 

K JO 7 2*5x10 7 9 0X10 7 3*0x10 • 1-5x10 8 1-3x10 * 7-OxlO- 4 2-4x10 » 

G. A. Pierle found that the electrode potential of uranosic oxide, against a soln. of 
14-3 gnns. of uranyl nitrate per litre, is 0-776 volt, the B&mc as that of uranous oxide. 
L. Andrieux found that the electrolysis of a soln. of uranosic oxide in fused mag- 
nesium, calcium, or lithium pyroborate and fluoride yields uranium boride, UB 4 . 
Uranosic oxide is paramagnetic ; and K. Honda gave for the magnetic susceptibility 
4-34x10'® while E. Wedekind and C. Horst gave 0-95x10“® . 

J. A. Arfvedson, and P. Jolibois and R. Bossuet said that the only product 
obtained by heating uranosic oxide in hydrogen is uranium dioxide; and 
P. Jolibois and R. Bossuet found that the action commences at 625°, and the re- 
duction can be completed at 650°. W. Biltz and H. Muller represented the equi- 
librium condition K in the reaction : UaO B +2H a ^2H 4 0+3U0 2 , by 
14-5 at <545°. E. Newbery and J f N. Pring observed that at about 2000°, in contact 



Fig. 5. — Action of Heal on 
Uranosic Oxide. 
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with hydrogen at 160 atm. press. , uranium tritaoctoxide is reduced to the dioxide. 
According to P. Jolibois and It. Bossuet, uranosic oxide is not oxidized to the 
trioxide when heated in oxygen, so that the reaction 6U0 a -=2l r 3 0 8 -f 0 2 which occurs 
at 502° is not reversible — vide infra , uranium trioxide. Uranosic oxide is insoluble 
in water. J. A. Arfvedson stated that uranosic oxide which has been heated to 
redness dissolves very slowly and sparingly in dil. hydrochloric acid, and H. Rose 
added that when it is digested with hydrochloric acid, uranium trioxide is mainly 
extracted. G. J. Fowler and J. Grant found that when uranosic oxide is heated 
with potassium chlorate, oxygen comes off at 390°, chlorine is also evolved, and 
potassium uranate is formed. J. J. Ebelmen said that gnlph"r at a red-heat 
reduces uranosic oxide to uranium dioxide. F. Bourion found that sulphur mono* 
chloride and uranosic oxide in a sealed tube at 230° to 250° form uranium tetra- 
chloride. J. A. Arfvedson found that the oxide which has been heated to redness 
dissolves slowly and sparingly in dil. sulphuric arid, but it dissolves more readily, 
and completely in boiling cone, sulphuric acid. F. Tsambert observed that 
uranosic oxide dissolves in nitric acid to form uranyl nitrate. According to 
O. F. von der Pfordten, uranosic oxide does not exist in acid soln., but rather as a 
mixture of the uranous and uranyl salts. C. F. Bucholz found that uranosic oxide 
is reduced to uranium dioxide by carbon at a red-heat. R. Schwarz said that when 
the oxide is heated in a current of carbon dioxide at 1120°, it yields the 
hcmipentoxide. H. Hermann found the dioxide is obtained with a mixture of the 
vapour of carbon disulphide and carbon dioxide -and with carbon disulphide 
alone U0 2 .2US 2 is formed. A. Michael and A. Murphy found that uranium 
pentuchloride is formed when uranosic oxide is healed for many hrs. with carbon 
tetrachloride in a sealed tube at 250°. H. 0. Bolton said that citric acid in the 
presence of potassium nitrate dissolves powdered pitchblende. F. W. O. de Coninck 
said that the reaction which occurs when uranosic oxide is heated with calcium 
oxalate can be represented : 2CaC 2 0 4 -|- U s Og— 2CaC0 3 +2C0 2 +3U0 2 — vide supra , 
uranium dioxide. P. Sabatier and A. Mailhe studied its action as a catalyst in 
reducing ethyl alcohol to ethylene. According to J. L. Gay Lussac and 
L. J. Thenard, potassium or sodinm at a red-heat reduces uranosic oxide to the 
dioxide. J. Aloy, and E. K. Rideal obtained a similar product by heating' uranoBic 
oxide with magnesium. D. Balareff found that barium oxide reacts vigorously 
with uranium tritaoctoxide below 300° with the evolution of much heat. A. Ditte 
observed that the alkali fluorides and thallous fluoride form yellow, crystalline 
plates of a complex salt. F. Isambert found that uranosic oxide very slowly 
separates silver from a soln. of silver nitrate. 

C. A. Pinle found that tho black deposit formed when uranium salts are electrolysed 
is not U)0 b . 2H 2 0, as stated by E. F. Smith, but rather a dihydrated uranium trUadccoxide , 
UjOi 0 ..2.H a O, and its potential against a soln. of 14 grins, of uranyl nitrate per litre is 
—0*6872 volt, whereas with uranosic oxide the potential is — U’776 volt. According to 
J. L. C. Zimmerman n, an impure hydrated form of uranium haphtacowioTule, U 7 O l0 , or 
UOj.OUO,, or UjO g .4UOj, is produced by allowing uranyl sulphide to stand under a soln. 
of ammonium sulphide for a couple of months in the absonce of air. The chocolate-brown 
precipitate is washed with air-froe water, dried at 100°, extracted with carbon disulphide 
to remove the bulphur, and dnod at 100°. It contains traces of probably uranyl sulphide, 
and of an ammonium salt. The block powder is soluble in mineral acids, with the evolution 
of a small amount of hydrogon sulphide and the format ion of a yollowish- green soln. _ It 
is not affected by a soln. of ammonium sulphide ; it is partly soluble m a soln. of ammonium 
carbonate ; it is not affected by alkali -lye ; and potassium permanganate is decolorized 
by its soln. in sulphuric acid. When heated in a tube, water and a little ammonia are given 
off, at 270° the colour becomes brick-red, and at a high temp. greenish-black. 

Reference was made to pitchblende, or uraninite, m connection with the history 
of uranium ; and, in allusion to the radioactive elements which ii contains, it has 
been said that “ pitchblende is a perfect museum of chemical rarities/' It occurs 
as a mineral in Bohemia, Saxony, Hungary, Cornwall, Norway, Turkey, United 
States, Bengal, East Africa, Quebec, etc. It usually occurs massive, botryoidal, 
granular, or with a columnar or curved lamellar structure Crystalline forms are 
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mr6. It may be coloured black and resemble pitch — hence the name pitchblende-* 
or it may have a grey, green, or brown tinge. The streak is brownish-black, grey, 
or olive-green. F. von Kobell 3 applied the term nastutan — from vacrrSs, denser- 
to a compact variety which was virtually free from thoria and the rare earths. Of 
the crystalline varieties, there are : uranniobite of R. Hermann which comes from 
Norway, occurring in octahedral crystals of Bp. gr. 9*0 to 9*7 ; brttggerite of 
C. W. Blomstrand — named after W. C. Brogger — which comes from Annerdd, 
Norway, where it occurs in octahedral crystals. Analyses of broggcritc were given by 
W. Riss, G. Tschemik, W. Elsholz, G. Kirsch, W. F. Hillebrand, C. W. Blomstrand, 
and K. A. Hofmann and W. Hcidepriem. The sp. gr. given by the same observers 
ranges from 5*96 to 11*59 — average 8*73. 0. W. Blomstrand gave 6U TV R IT (U VI O fl ), 
U* IV (U VI 0 6 ) 2 ; and W. E. Hidden, 3R0.U0 3 . The oleveite of A. E. Nordenskjold — 
named after P. T. Cleve — comes from Arendal, Norway, where it occurs in cubic 
(dodecahedral and octahedral) crystals of sp. gr. 7-50. It was analyzed by 
A. E. Nordenskjold, W. E. Hidden and J. B. Mackintosh, and W. Elsholz. The 
formula approximates 6R0.2U0 3 .3H 2 0. The crystals were described by F. Mull- 
bauer, and A. E. Nordenskjold ; and occluded gascB by M. W. Travers, W. Ramsay, 
and H. Desl&ndres. The nivenite of W, E. Hidden and J. B. Mackintosh — named 
after W. Niven — occurs in Llano Co., Texas, in velvety black masses with an indis- 
tinct crystallization, of sp. gr. 8-01 and hardness 5*5. Nivenite is more quickly 
attacked by sulphuric acid than other varieties. 

Analyses were reported by the early workers M. H. Klaproth, 0. F. Rammelsberg, 
J. J. Ebelmen, R. Hermann, C. H. Pfaff, A. Becker and P. Jannasch, W. Steinkuhler, 

O. W. Knight, H. Hirschi, T. L. Walker, F. Hecht and E. Korner, O. von Hauer, 
J. D. Whitney, F. A. Genth, W. R. Criper, P. Krusch, W. Elsholz, K. Nenadkcvich, 
C. B. Comstock, and T. Scheerer ; and more recent analyses by J. Lorcnzen, 
P K. GrigoreflF, W. E. Hidden and J. B. Mackintosh, 0. W. Davis, W. Marckwald, 
J. Step, A. Schoep, P. Schei, Y. Bri£re, T. II. Laby, G. Kirsch, G. P. Tschernik, 
4. A. Hofmann and W. Heidepriem, II. Y. Ellsworth, J. S. dc Lury and H. V. Ells- 
worth, R. C. Wells, A. E. Nordenskjold, F. W. Clarke, and W F. Hillebrand. 
The proportion of U0 3 ranges from 14*00 to 59-3 per cent. ; IJ0 2 , 19*89 to 70*99 ; 
Th0 2 , 1*65 to 9*79 ; rare earths — CeOn Lao0 3 , and Y 2 O r up to 12*67 per cent ; 
Pb0 2 , 3*07 to 11*31 ; CaO, 0*08 to 1*04 I MgO, up to 0-30; ZnO, up to 0*44 ; MnO, 
up to 0-09 ; Na a O, up to 0-31 ; H 2 0, 0*43 to 4*28 ; Fe 2 G 3 , 0*09 to I -26 ; 01> 2 0 5 , up 
to 0-96 ; Zr0 2 , up to 0*2 ; Si0 2 , up to 0*90 ; A1 2 0 3 , up to 0*20 ; P 2 0 5 , up to 0*22 , 
AS2O5, up to 2*34 ; Bi 2 0 9f up to 0*75 ; S0 3 , up to 0-19 ; F, up to 0*04 ; as well as up 
to 2-63 per cent, of mtrogen (helium) The helium was discussed by W. Ramsay and 
co-workers, J. N. Lockyer, W. A. Tilden, N. A. Langlet, etc. ; the zirconium and 
hafnium content, by O. Free ; the thallium contents, by 8. Wleugel ; and the 
polonium and radium contents and the radioactivity, as well as the lead contents, by 
M. and P. Curie and G. Bemont, A. Debicme, ti. F. Barker, R. C. Wells, B. B. Bolt- 
wood, T. L. Walker, G. Bardet, 0. Miigge, V. M. Goldschmidt, F. Kolbcck and 

P. Ulrich, 4 G. Kirsch, H. V. Ellsworth, A. Becker and P. Jannasch, C. W. Davis, 
F. Giesel, O. Bchrendsen, etc. — vide 4. 26, 3. The rudioactivity and age of the 
mineral was discussed by A. E. Fersman — vide 4. 26, 3. R. J. Moss discussed the 
helium content. J. K. Marsh estimated the rare earth content of uraninites. 

G. Kirsch suggested that there are two distinct minerals — one an oxide, U0 2 , 
and the other a uranate, U 2 0 & or U 3 O fl , which are represented by radioactive 
transformation pseudomorphs, The cubic oxide is called idr white — after C, Ulrich 
— while bioggerite and elevcite are regarded as altered varieties containing thoria 
or the rare earths. Its sp. gr. is 7*5 and hardness 6. Massive pitchblende is 
cryptocrystalline and probably rhombic. B. Szilard said that just as tliorianite 
contains 65 to 71 per cent, of thorium and 4 to 11 per cent, of uranium, so uraninite 
contains 65 to 74 per cent, of uranium, and 4 to 11 per cent, of thorium ; and just 
as thorium hydroxide dissolves in a soln. of thorium nitrate, so does uranium 
hydroxide dissolve in a soln. of thorium nitrate ; in the former case, on evaporation. 
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a substance similar in composition to thorianite is obtained, whilst in the latter a 
yellow substance similar to uranimte is formed. Salts of thorium and uranium 
dissolve not only the hydroxides named above, but also the hydroxides of the rare 
earth metals and of nearly all those metals occurring in thonanite and uranimte ; 
the compounds obtained with yttrium, iron, lead, and zirconium have character* 
istio properties. All are amorphous. B. Szilard suggested that thonanite and 
uranimte are formed in nature by processes analogous to that just described 
C W. Blomstrand said that the natural uranates may be taken as a type built up 
in acoord with the formula 3RO U0 3 , in which the uranium tnoxide uniformly 
appears as an ortho-acid, while the basic portion of the molecule is composed 
principally of uranous oxide, a portion of winch is replaced by lead or some kindred 
metal. 0. W. Bloinstrand regarded uranimte as a derivative of sexibasic 
orthouramc acid, U(OH) c , in which hydrogcii is replaced by quadrivalent uranium ■ 

SXS><^oT^ u 

True pitchblende or uranimte is considered to be repiesented best by the formula 
7U0»P1>0&U0 S , ie l T 7 Pb(UO*)„ or by ITPhUO* 2U 8 (UO 0 )j There are two 
forms of the thorou ran miles- ( 1 ) broggerite, U0 2 RO IJOj, te l T RUO fl , or 
blTRl T 0 6 l T 3 (U0 6 ) 2 ■ and (») cleveite, U0 2 4RO 2UO a 4H 2 0, or UR 4 (UO fl ) 2 4H 2 0. 
W. F. llillebratid, however, showed that the generalized or idealized formula, 
IV V (U U 0 6 ) 2 , or (l 0 2 h(UO a ) 2 , °f C W Blomstrand is not of general application. 
A Schoep found that the urdmmte ot KaUngd, Belgian Congo, has the formula 
(l T 0 2 )*(W) 8 ) 2 , and he suggested that originally uranimte was uranium dioxide, and 
thorianite, thonum dioxide — both minerals being isomorphous and analogous in 
composition The trioxide, JO*, found witli uranimte is an oxidation product of 
the original dioxide, l T 0 2 The hypothesis was supported by W Biltz and 
R Muller The lrieversibility of the reaction Uj0 8 j-O- 3UO a undeT certain 
conditinns does nut invalidate this argument- vide infra , uranium tnoxide The 
alteration and weathenng of uianmite was discussed by A L Hacquaert, and 
H V Ellsworth. 

The crystals of uianmite aie usually octahedra oi dodecahedra, but rarely 
cubes H S Spence, R van Aubel, and R Biauns described the crystals Accord- 
ing to V M Goldschmidt and L. Thomassen, the X -radiograms of pitchblende, 
broggerite, cleveite, and thonanite correspond with a legular, face centred lattice, 
the edges bemg 5-56 A for thonanite, 5 47 A for broggerite, and 5 47 A for cleveite 
They correspond with lsonurpbous mixtures of the tlnee oxides and also of lend 
dioxide The crystalline substance in thorianite and broggerite has a uniform 
arrangement, with a distortion of the single points as if the ciystal were composed 
of sub parallel planes The subject was studied by A Hadding and R van Aubel. 
Cleveite yields ur&noHic oxide on ignition Broggente after ignition, shows the 
uranous oxide structure. 

The crystal substance in pitchblende is present in a hnely divided state (10 4 to 
10 7 cm )» The uranium atomR form face centred tubes with edges 5*42 A to 
5*45 A It is supposed that, as the ground lattice of these minerals is uranous 
oxide, the excess of oxygen corresponding with uranir oxide is present in solid soln 
This case is analogous to the occurrence of yttrium fluoride in calcium fluoride. 
W Biltz and H. Muller made some observations on this subject The sp gr of 
the analyzed amorphous specimens range from b 40 to 9 73, the crystalline 
varieties from about 9*0 to 9*7. J J Haslawsky studied the mol vol ; and 
W. Stemkuhler, and H Schnciderhohn, the harduess, winch is about 5*5 R Cusack 
gave 1188 c for the m p This was conectod by A L Fletcher to 1238°, who also 
observed specimens softening at 1220 3 , flowing slowly at 1265 to 1330°, and ldpidly 
at 1380° to 1440°. W. C Brogger said that the ratio of the axeB ot the heat 
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conductivity curve is 1 : 1*00389, corresponding with cubic crystallization, 
J. Vcrbaegho studied the arc spectrum; and A. do Grarnont, the spark spectrum. 
E. Wartmann said that the mineral is slightly conducting ; and F. Beijerinck, 
and R. D. Harvey, that it is a non-conductor ; and E. T. Wherry added that 
the crystals make a poor radio-detector. The mineral is not attracted by a magnet, 
but F. von Kobcll said that it is attracted after it has been calcined. Pitchblende 
is not easily attacked by hydrochloric acid, but it forms a yellow soln. with nitric 
acid. It is also soluble in sulphuric acid. 

Some complex carbonates (q.v.) are alteration products of uraninito. The Vranolker 
of A. G. Werner, 4 the lichtcs V ranpccherz of J. K. Froiosleben, the vramsche s Oummicrz 
and the Ciangurnsm of A Breithaupt, tho Phosphorgummite of R. Hermann, and the 
gumnlte of J. D. Dana are alteration products of urammte of very variable composition. 
A. L. Hacquaort discussed pseud omorphs of gummito And uranophane after uraninite. 
These imneials contain, according to the analyses of C. M. Koiston, F. Ragsky, R. Hermann, 
H. von Foullon, F. A. Gonth, and H. But 1 gen bach, Cl 3.1 to 75 20 per cenl. U0 3 ; 2-61 to 
5*57, PbO ; 0 30 to 8-04, Fe g () s ; 0 05 to 1*92, Mn } O i; 2 05 to 6-00, Cat) ; 0*09 to 2*20. 
MgO ; up to 1*08, BaO ; 4*26 to 5*13, 8iO g ; and 9-41 to 11 80, H a O. The iiranmches 
Pitthifrz of A Breithaupt, or the pittmdc of K. Hermann, is a variety of gummde ; as are 
also tho chtistte of R. Hermann ; the yttroffummite of A. E NordonukjOJd ; the thoro- 
ffumrmlc of W. E. Hidden and J. B. Mackintosh ; tho chlorothonte of W E. Hidden ; the 
c orarite of J. L. le Con to, J. D. Whitney, and F. A. Gonth ; and the soddit c, 12D0 v 5Si0 2 . 
14HjO -named after F. Soddy -and chmkolobmU , 12UOj 58iO s 14H z O named from the 
locality, Chnxkoldbwc — from Katanga, Belgian Congo, described by A. Schoop Soddite 
occurs in dull yellow, rhombic prisms, with the axial ration a . b : < 0 7959 : 1 . 1-0005 

Tlio refiaitivo indices are /3- 1*04 and y- 1*08 V. Billiot gave 0 — 1*045, and ft 1 002. 
According to A. Schoop, the sp. gr it> 4*(i27, and tlio baldness 2 flunknlobwite ixniual 
as a felted nmns of canary yellow noodles on a xpoeirnen of soddite, and tho lectangulm 
prismatic crystals have tho refractive indues /9 1 635, and y - 1 646, vith a negative 

optical character. There is also sklodowsklte nnnu-d ultoi Mine. Curie Nklodowska-- 
a hydrated magnesium uranium silicate, MgO 2VO , 2>Si() s .7ti s O It occurs in pule yellow, 
lhombic prisms, which have the axial ratios a : h : t (13111: 1* 1*0554 ; the ( 100) -cleavage 
is perfect. V, Bilhet ga\e for tho indices of refraction a 1*613, ft -1 635, and y— 1*657. 
A. Schoop found that tho f*p. gr is 3*54 ; the optical charach* m negative ; and tho pleo- 
cliroisin, colourless to yel!ow\ N. A. Ynjmk ami S. J. Kohli studied the radioactivity of 
uranium oclire. 


IlCiEHKNUSS. 

1 C. F. Ilammolrtbeig, Sxtzber Akad. Bcrhn, 100, 18K5; Pogq. Ann, 59. 5, 1241, 1843; 

A. Kernel*, ib., 124. 120, 1805: 125. 237, 1805; Ctmpt Rend., 58. 710, 1864, Mm\t. fount., 
(2), 1. 409, 1864 ; Zeit. anal Chan., 4. 371, 1805 ; Ctmpt. Rend , 58 710,1804; C. Stabling, 
i6. p 173. 1403, 1921 ; 1’. Bchcau, 16 , 174. 338, 1922 ; F. Jolibois and K. Bossuet, it#., 174. 380, 
1922 ; J. L. C. Zraunerniann, Liebig' 8 Ann., 232. 273, 1885 ; F. Wohler, i b„ 41. 346, 1842 ; 

B. Drcnckmann, Zed. ges. Naturuiss , 17 126, 1861 ; F. Janda, Oesterr. Zat. Bag. JfUtt 49. 
325,340, 1901 ; F. W. O. dc Coninck and M. Caino, Bull. Acad. Bdg ., 321, 1901 ; F. W. O. do 
Coninck, d>. # 993, 1908 ; Ann. Chun. Phys., (7), 28. 5, 1903 ; A. Col&ni, Rcchcrch.es sur les com- 
posts uraneux. Fans, 1907 , Ann. Chim. Phys , (8), 12. 59, 1907 ; J. J. Ebelmen, ib., (3), 5. 189, 
1842 ; E. M. V6Ugot, ib ., (3), 5. 5, 1842 ; R. Schwarz, Helvetica Chtm. Acta , 3. 330, 1920. 

* C. F. llammelsberg, Siizbtr. A lead . Berlin , 100, 1885 ; H. V. Kcgnault, Ann. Chun. Phys,, 
(2), 62. 358, 1830 ; P. Sabatier and A. Mai the, ib., (8), 20. 289, 1910 ; F. Bounon, tb , (8), 21. 
58, 1910; A. Cohuii, i6. f (8), 12. 59, 1907; Compt. Rend., 137. 382, 1903; 155. 1249, 1912; 
Rechcrchcs sur les composts uraneujc, Paris, 1907 ; F. Behounek, Phys Zeit , 31. 215, 1930; 
H. Maraoineanu, Compt. Rend., 183. 345, 1926; 184. 1547, 1927; 185. 122, 1927; 186. 740, 
1928; II. Moissan, Ann. ('him. Phys., (7). 9. 264, 1896; Bull. Soc. Chun., (3), 17. 267, 1897; 
Compt. Rtnd., 122. 1008, 1890 ; C. Staehling, if#., 169. 1036, 1919; A. Ditto, tb., 91. 167, 
1880; F. I Rambert, tb., 80, 1087, 1875, P. Jolibois and R. Bossuet, tb., 174. 380, 1922; 
P. Lebcau, tf# , 174. 388, 1922; 173 1468, 1921; D. K. Goralovitscli, Jtnnn. Russ. 
Phys. Chtm. Rot., 62. H43, 1930; F. W. 0. de Coninck, Rcchnches de V uranium, Paris, 
1911 ; Bull. Acad . Bilq., 222, 1001 ; F. W. 0. do Coninck and A. Raynaud, Bull. Soc . 
Chtm., (4), 9. 301, 1911 ; A. L. Helfgott, Zext. Thysih, 49. 555, 1928 ; J. L. C. Zimmermann, 
Liebig's Ann , 213. 288, 1882 ; 216. 24, 1883 ; 232. 273, 1885 ; O. F. von der Pfoidten, t6„ 
222. 140, 1983 ; G. Kirscb and H. Pcttersson, Sitzber. A bad. Wien, 134. 491, 1925 ; A. Remold, 
Compt. Rend., 58. 716, 1804 ; Monit. Sctenf., (2), 1. 409, 1804 ; Zext. anal. Chem., 4. 379, 1865 ; 
Pogg. Ann., 124. 114, 1805; 125. 209, 1865 ; Joum. prakt. Chtm., (1), 93. 310, 1804; (1), 97. 
193, 1806 ; E. Newbery and J. N. Pring, Proc. Roy. Soc., 92. A, 276, 1910 , H. C. Bolton, Chem. 
tfeuw, 87. 168, 1878 ; Ann. New York Acad., 1. 1, 1879 ; 2. 1, 1882 ; Min. Mag., 1. 130, 1877 ; 
4. 181, 1882; Ber., 13. 726, 1880; BJL. Rep., 505, 1880; Pioc. Amer." Assoc., 31. 271, 1883 ; 

C. L. Parsons, Joum . Ind. Eng . Chem., 9. 466, 1917 ; J, J. Berzelius, Schweigyer's Journ., 44. 



URANIUM 


63 


101, 1« »: Pcgg. An*., 1. 369, 1824; Svemka Altai. Uandl., 152, 1823; Am. Phil., ». 266, 
1825 ; R, F. Marohand, Joum. prakt. Chem., (1), 28. 407, 1841 ; H. Rose, AutfMrtirh" Htutdbveh 
ier analytuclun Chrnue, Braunschweig, 2. 523, 1851 ; M. H. Klaproth, Him. Acad. Berlin, 278, 
1780 ; 160, 1792; Beitrdge zur ehtmtechtn Kennlnits der MineraUcdrper, Berlin, 8. 197, 1797 ; 
London, 477, 1801 ; Crept Ann., ii, 387, 1789; Srhriften Get. Berlin, 273, 1789; 160, 1792; 
C« F. Bucholz, Gehlen's Journ., 4. 17, 134, 1805 ; Beitrdge zur Erweiterung und BeHchtigung der 
Chemie, Erfurt, 1. 62, 1799; J. A. Arfvwlson. Sretwka Akad, Handl., 404, 1822; Ann . Phil., 
7. 253, 1824 ; Pogg. Ann., 1. 245, 1824 ; fichu* iggcr's Joum., 44. 8, 1825 ; E. M. Pdligot, Compt. 
Hend., 12. 735, 1841 ; 22. 487, 1846 ; 42. 73, 1850 ; Ann. Chim. Phys., (3), 5. 5, 1842 ; (3), 20. 
329, 1847 ; Joum. Pharm. Chim ., (2), 27. 522, 1841 ; Liebig's Ann., 41. 141, 1841 ; 43. 258. 
1842 ; Joum. pralct. Chtm., (1), 24. 442, 1841 ; (1), 38. 112, 1846 ; W. F. Hillebrand, Butt. U.S. 
deal. Sur., 60, 1888; 78, 1889 ; 90, 1892; 113, 1893; Amer. Joum. Science, (3), 86. 295, 
1888; (3), 40. 384, 1890; (2), 42. 390, 1891; Chem. News, 64. 221, 230. 214, 255, 279,290, 
303, 1891; Zeit . anorg . Chem., 8. 243, 1803; A. Dorabialska, Bocz. Chem., 0. 494, 1929; 
J. Vrede, Phys. Zeit., 81. 323, 1930; .1. J. Ebolmcn, Ann. Chim. Phys., (3), 5. 189, 1842; 
H. Hermann, Ueber einige (J ranverbind uvgcn, Gottingen, 1861 ; J. Aloy, Rccherches sur V uranium 
et sea composts, Toulouse, 1901 ; Ann. Chim. Phys., (7), 24. 412, 1901 ; Bull. Soc. Chim., 

(3) , 28. 368, 1900 (3), 25. 153, 344, 1001, J. AJoy and E. Rodier, ib., (4), 27. 101, 1920; 
J. Aloy and A. Valdiguie, Compt. Rend 178. 1220, 1923; J. L. Gay Lussao and 

L. J. Thfamrd, Rtrfurches physicochimiquen, J'aiih, 1. 262, 1811 ; G. J. Fowler and 
J. Grant, Joum. Chem. Soc., 57. 275, 1890 ; M. L. Phil Ji Journ. Franklin Inst., 206. 537, 
1928; P. Groth, Chemische Krystallographie, Leipzig, 1. 116, 1006; F. Strain tz, Ann. Physik, 

(4) , 9. 854, 1902; K. Honda, ib , (4), 32. 1044, 1010; W. V. YViddowson and A. S. RusseU, 
PhU. May., (6), 46. 915, 1923 ; YV. F. Jorixsun and W. E. Ringer, Chem. Weekbl., 4. 242, 476, 
1907 ; B. B. Boltwood, Amer. Journ. Science, (4), 25. 269. 1908 ; C. J. B. Kara ton, Schweiygcr's 
Joum., 65. 394, 1832; E. YVilke-Dorfurt, Wtss. Verojfeutl. fiiemcns-Komem, 1. 143, 1920; 

E. Donath, Btr 12. 742, 1879; E. Wedekind and C. Horst, i b., 48. 105, 1915; J. Zehenter, 
MonaUh , 21. 235, 1900 ; J. 0. lVrrine, Phys. Rev., (2), 22. 48, 1923 ; M. L. Phillips, ib., (2), 32. 
832, 1928; F. Giolitti and G. Tavanti, (Jazz. Chim. Ital., 38. ii, 239, 1908; E. L. Nichols and 
I). T. Wilber, Phys. Itcv (2), 17. 707, 1921 ; H. N. MacCoy and G. V. Ashman, Amer. Journ . 
Science, (4), 26 530, 1908 ; W. G. Mixter, ib., (4), 34. 141, 1912; Zeit. anorg. ('hem.. 78. 231, 
1912; 1). Bnlarcff, i h., 136 216, 1924; A, Michael and A. Murphy. Amer, Chem. Journ., 44. 
365, 1910 , E. Newbury and ,J. N. Tring, Proc. Roy. fine., 92. A, 276, 1916; A. S. RusseU, Phys. 
Zed., 13. 59, 1912 T C A. Pieile, Joum. Phys. ('hem., 23. 517, 1919 ; *R. Schwarz, Helvetica Chim. 
Acta , 3. 330, 1920, E. K. K ideal, Joum. fine. Chem. Ind., 38 673, 1914; Das elektroehcnnschc 
Vcrhaltt n dm (’mu', mid nnu/cr lhanverbindungen, Bonn, 1913 ; A. Fischer and E. K. Ridcal, 
Zeit anorg. Chun . 81. 170, 1913; YV. BiJLz and II. MuUer, ib., 163. 257, 1927; E. Friederich 
nnd L. Sit tig. ib., 145. 127, 1925; E. Friederich, Zeit. Physik, 31. 813, 1925; L. Sit tig, Her - 
a tdlung if i hohni Tnnptrahnen bedandiger Nitride, Berlin, 1922; E. F. Smith, Amer. Chem. 
Journ , 1. 329, 1879; \ . M. Goldschmidt and L. Thomuhsen, Videnskapsselskapets Slerifter, 5, 
1923 ; (2. F. iluLlig, Fotfsthi. Phipt. ('hem., 18. 5, 1924 ; (\ Zengelin, Zeit. phys. Chem., 50. 219, 
1904, (\ Wagner und YV. Nihottky, \b , 11. B, 163, 1930; L. Andneux, Ann. Chim. Phys., 
(10), 12. 423, 1929, Rufouhca am/ Vilcctrulyse des oxydea mctalhyuc drsaous dans Vanhydride 
bnnyve on dams U* bmatts fondus, Pans, 1929 ; A. B. Verigo, Bull. Acad. U.S.S.R . , 510, 1929; 
H. YVicgand, Zut. Physik, 30 40, 1924; A. N. Pilkoff, Jo'im. Russ. Chim. Soc., 1. 133, 1931 ; 

M. le BJuiic and H. Sachse, Bn. *S achs. Akad., 82. 153, 1930. 

a M. H. Klapioth, Mem. Acad. Berlin, 273, 1789 ; 160, 1792 ; Reitrage zur chrmischen Kenntms 
dtr Mineralkdrper, Berlin, 2. 197, 1797 ; London, 477, 1801 ; Crett's Ann., u, 387, 1789 ; Schriften 
Ocs. Berlin, 273, 1789 ; P. K. Grigoreff, Bot. (kol. Kormt., 1, 1925 ; J. K. Marsh, Phil. Mag., (7), 
7. 1005, 1929 ; C. F. Rummelsberg, Ifandbuch der Minerulchemie, Leipzig, 175, I860 ; Pogg. Ann., 
59. 35, 1843 ; T. Scheerer, i b., 72. 561, 1847 ; 77. 570, 1847 ; It, van Aubel, Compt. Rend., 185. 
586, 1927 ; J. J. Ebclmen, Ann. Chim. Phys., (3), 5. 498. 1843 ; W 7 . Steinkuhler, Bull. Soc. Chim. 
Bely., 82. 233, 1923; H. V. EUsworth. Rep. Ocol. Survey, Dept. Mines Canada, D, 1921; 
it. Hermann, Journ. prakt. Chem., (1), 76. 326, 1859 ; C. YV. Bloinstrand, t6., (2), 7. 60, 1873 ; 
(2), 29. 191, 1884 ; (leof. For. Forh. Stockholm , 7. 94, 1881 ; C. H. Pfaff, fichvrigger's Joum., 35. 
326, 1822 ; T. L. W alker, Un,v. Toronto Cedi. Stud., 17, 1924 j O. Free, Phil. Mag., (7), 1. 960, 
1926 ; C. von Hauer, Jahib. geol. Rcichsanst. Wien, 4. 197, 1863 ; J. D. YVhitney, Phil . Mag., (3), 
37. 153, 1850; Amir. Journ. Science , (2), 7. 434, 1849; F. A. Genth, ib., (2), 23. 421. 1857; 
C. B. Comstock, 1 6., (3), 19. 220, 1880; YV. E. Hidden and J. B. Mackintosh, t6., (3), 86, 481, 
1889 ; J. L. le Conte, ib., (2), 3. 117. 173. 1847 ; C, YV. Davis, ib., (5), 11. 201, 1926 ; YV. F. Hille- 
brand, ib., (3), 36. 295, 1888 ; (3), 40. 384, 1890 ; (3), 42. 390, 1891 ; Chem. News, 64. 221, 230, 
244, 255, 279, 290, 303, 1891 ; Bull. U.S. Geol. Sur., 60, 1888 ; 78, 1889 ; 90, 1892 ; 113, 1893 ; 

F. W. Clarke, 16., 220, 1903 ; J. Lorcnzen, Nyl Mag., 28 249, 1884 ; P. Schei, tb„ 48. 137, 1905 ; 
R. Cusack, Proc. Irish Acad., (3), 4. 399, 1897 ; A. L. Fletcher, Snent. Proc. Roy. Dublin Soc., 
(2), 13. 043, 1913 ; J. 1). Dana, A System of Mineralogy, New York, 889, 1892 ; F. von Kobell, 
Neves Jahrb . Mm., 403, 1834; Die Mtraralnamcn, Muncbcn, 84, 1853; A, Sihoep, Bull, Soc , 
Geol. Belg ., 32. 345, 1923 ; 33. 87, 1923 ; 50. 215, 1927 ; Compt. Rend., 173. 1180, 1921 j 174. 
1066,1922; Butt. Soc. M in., 47. 147, 1924 ; Bull. Soc. ('him. Belg., 82. 274, 1923 ; W. Marokwald, 
Landtr. Jahrb., 38. v, 423, 1909 ; Cento. Min., 761, 1906 ; JR. Brauns, it., 689, 1911 ; E. Wart- 
mann, Jf4m. Soc . Geneve, 12. 1, 1853 ; F. Boijerinek, Ueber das Latungsvcrmogen der Minerahen 



54 


INORGANIC AND THEORETICAL CHEMISTRY 


far BkktriciW, Stuttgart, 1897 ; Kerne* Jahrb. Min. B.B., 11, 403, 1897 ; K. A. Hofmann and 
W. Htf depriem, Ber., 84. 914, 1901 ; J. Step, Sttzfer. Ahad. Wien , 118. 585, 1904 ; H. D, Harvey, 
Boon. Qt of., 88. 776, 1926; W. RamBfty, Proc. Bay. Soc., 58. 65, 81, 1895; 89. 325, 1896; 
W. Ramsay and M. W. Trover*, 1 6 ., 60. 443, 1807 ; M. W. Travers, ib., 84. 130, 1808 ; 
J. N. Loohyer, tb. f 58. 67, 113, 116, 192, 193, 1805 ; 69. 4, 1895 ; 59. 342, 1806 ; 60. 133, 1896; 
W. A. Tilden, 1 6 ., 59. 218, 1896 ; N. A. Langlet, 0f/wr«. Stockholm, 58. 211, 1895 ; M. and 
P. Curie and G. Blmont, Compt. Bend., 187. 175, 1215, 1898; B. Szilard, 1 6 ., 148. 1145, 1906; 
145. 463, 1907 ; A. Debicrne, iA., 129. 593, 1899 ; G. F. Barker, Joum. Science, (4), 16. 163, 
1903 ; B. B. Boltwood, i b.. (4), 23. 77, 1007 ; S. Wleugel, Zeit. Kryd., 4. 520, 1880 ; W. R. Griper, 
Mem. Gcal, Sur. India, 34. 11, 1902 ; P. Knisch, ZnU prakt. Oeol., 19. 83, 1911 ; W. Elaholz, 
Ucber die Uranoryde in den PechbUnden, Berlin, 1916; F. Gienel, Bet., 86. 342, 1903; 
W. C. Brogger, Neues Jahrb. Min., ii, 170, 1884 ; J. J. SaslawBky, Zeit. Kryst ., 59. 195, 1924 ; 

G. Bardet, lb., 42. 183, 1906 ; F. Mullbauer, ib 61. 321, 1025 ; H. Scheiderhohn, Anhiiung vur 
mtkroskopischen Bestimmung und Unttrsuchunyen von Ergen und A ufbre itungeprodukten besonders 
im nuffallenden Licht , Berlin, 263, 1922 ; F. Kolbeck and P. [Thlrich, Centr . Min., 207, 1904 
O. Behrendsen, Phy *. Zeit., 8. 572. 1902; A. do Gram on t, Bull . Soc. Min., 18. 171, 1895; 
Y. BriAre, ifr., 52. 85, 1929 ; R. J. Mosh, Trans. Boy. Dublin t Hoc., (2), 8. 139, 1904 ; (J. TBchernik, 
Bull . Acad. St. Pitersburg , (6), 3 . 1203, 1909; W. Rihh, Mitt. Inst. Badiumforsch ., 162, 1924; 

H. Desl&ndren. Compt. Bend., 120. 1112, 1895 : A. K. Nurdewskjuld, Ged. For. Fork. Stockholm, 
4. 20, 1878 ; News Jahrb. Mm., 406, 1878 ; If. V. Ellswoith, Amtr. Mm., 13. 442, 1928; 15. 
455, 1930; R. C. Wells, iA., 15. 470, 1930; H. K. Spruce, iA., 15- 474, 1930; A. Hadding and 
R. van Aubel, Compt. Bend., 188. 71b, 1929 ; T. II. tuby, Proc. Boy. Soc. New South )\ate% 43. 
28, 1909 ; V. M. Goldschmidt, Zeit. KryH., 44. 545, 1908 ; V. M. Goldschmidt and L. Thommasseii, 
Vidcnskapnsclskapete Slnjtcr, 5, 1023 ; A. L. Haoquaeit, ;V ntuuruvtenschap. Tijd 9. 34, 1927 ; 
W. Blitz and H. Muller, Zni. anorg. Chcm., 163. 257, 1927 ; G. Kirsch, Milt. Inst. Badiumjoruh., 
150, 1922; Tschcrmak's Mitt (2), 38. 223, 1925; E. T. Wherry, Amir. Mm., 10. 28, 1925, 
.1. G. Fairchild, *A„ 14. 265, 1929 , F. Hecht and K. horrid, Mannish., 49. 438, 444. 460, 1928 , 
A. Becker and P, .Janu ascii, Julnb. Bad. Ehktron ,12. 1, 1915 ; C W Knight, Ami. k* p. Ontario 
Bur. Mtne9, 28. 94, 1919; H. Hirschi, Mitt. Schnnz. Mm. Pitt 1. 310, 1921 ; 3. 240, 1923, 
4. 64, 1924 ; 5. 173, 248, 429, 1925 ; K. NcnadkoN ich, Bull. Arad . t \H S S., (6), 20. 767, 1926 , 
A. E. Penman, |A„ (6), 20. 775, 1926; J. Vrrhaeglie, Boll. Arad. Hrty., (5), 14. 18, 1928; 
W. E. Hidden, Trane. Ntw York Acad., 8. 185, 1889 ; R Ziukort, Mitt. Pipvhs. (hot. Landesanst., 
ii, 900, 1930 ; J, S. de Lusy and 11. V. Ellsworth, Ann r. Mm., 16. 569, 1931 ; H. V. Ellsworth, 
iA., 16, 576, 1931 ; R. (\ Wells, iA., 15. 470, 1930. 

* A. G. AVcrner, Lctztes Mineral system, Freiberg, 20, 1817 , .1. K Freiesloben, ( Jeognodische 
Arbeitcn, Freiberg, 1818; A. BrejtliAupt, Uebersuht da Mmeutlsy slews, Freiberg, 60, 1830; 
V ollsidndige Chnraktervdik des Mincralsy stems, Dresden, 218, 1832; Volfsfandiqts llandbuch der 
Mtneralogte, Dresden, 3. OOJ, 1817; If. Buttgcnhach, Ann. Soc. 6VW. Bely- 44. 5, 1922; 
A. L. Hacqwaert, iA., 50. c, J5, 1927 ; Natunrivet. Tijd. t 9. 34. 1927 ; N. A. Yajnik and S. J. Kohli, 
Proc. Astatic Soc. Bengal , 18. 73, 1922 ; A. L. Fletcher, Scient. Proc. Boy. Dublin Soc., (2), 13. 
443, 1913; W. Haidingcr, Jahrb. geol. Bctchsansl. Wien, 3. 124, 1853 ; H. von FoulJon, ib., 33. 

I. 1883; R. Hermann, Joum. prakt. ('hem., (I), 76- 322, 1859; (A M. Keraten, Schweigqei's 
Joum., 66. 18, 1832 ; F. Ragsky, Pogq. Ann. Ergbd., 4. 348, 1854 ; F. A. Gcnlh, Amer. Chem. 
Joum., 1. 89, 1879; Amer. Joum. Science, (2), 23. 421, 1857 ; J. I). Whitney, iA., (2), 7. 433, 
1849; J. L. In Conte, iA., (2), 3. 117, 173, 1847; W. E. Hidden and J. B. Mackintosh, ib., (3), 
38. 480, 1889 ; W. E Hidden, Trans. Sew YorPAcad 8. 185. 1889 , A. E. Norclenskjold, Geol. 
For. Fork. Stockhdm, 4. 31. 1878 ; A. Schoep, Bull. Soc. Geo/. Belg., 32. 345, 1923 ; 33. 87, 1923 ; 
Bull. Sor . Chi m. Bclq., 32. 274, 1923 ; Compt. Bend., 173. 1186, 1921 ; 174. 1066, 1922; 178. 
413, 1924 , Natuunret. Tijd., 8. 25, 30, 1927 ; V. Billict, iA ., 7. J 12, 1926 ; J. 1). Dana, A System 
of Mineralogy, New York, 889, 1892. 


§ 11. Uranium Trioxide and its Hydrates 

J. J. Kltflmen 1 prepared uranium trioxide, or uranic Oxide, U0 3 , by heating 
uranyJ hydroxide to 30() n - the product appears from the analysis to eontain some 
uranosie oxide. He also obtained it by raising the temp, of ammonium uranyl 
carbonate very gradually to 300°, arxl holding it there for a long time ; and 
0. Brunek said that this Halt is best heated at a temp, not exceeding 300°, and in 
a current of air, until the exit gases no longer turn red litmus blue. The product 
contains traces of ammonia. H. Licnau heated about 50 grins, of ammonium 
uranate in a flask, on an oil-lmth at 250°, for 30 hrs. : F. W. O. de Coninck heated 
uranvl Nulphate to dull redness and obtained the trioxide ; and Fj. M. Peligot, 
and F. AY O de Coninck heated uranyl nitrate at 250° until no acid vapours are 
given off. 1\ Lobciiu, V. A .facquelain, R. de Forcrand, and 0. Brunek showed 
that the trioxidc prepared from the nitrate is always contaminated with basic 
nitrate, even when heated for a long time at 350°. P. Jjebeau said that the product 
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can be obtained free from nitrate if the oxide obtained at a low temp, be heated 
in oxypen gas for a long time at 600°— but the trioxide then contains traces of 
uranoric oxide. G. F. Hufctig and E. von Schroder, and W. Biltz and H. Muller 
prepared hydrated uranium peroxide by treating a soln. of 20 grms. of nranyl 
nitrate in 200 o.c. of water with 3 to 10 per cent, hydrogen dioxide, washing, and 
drying the precipitate at 60° to 70°. The sulphur-yellow powder was heated in an 
atm. of oxygen in an electric furnace at 350° for 3 to 4 hrs., and then from 30 to 
60 min. at 400°. The product was cooled in a desiccator. The colour of the 
oxide is orange. 

Analyses by W. Biltz and H. Muller correspond with UOg ; the observed ratio 
TJ .* O ranges from 1 : 2-97 to 1 : 3-07. If the at. wt. of uranium is taken to be 
120, the formula is U 2 Og. According to E. M. Peligot, and C. F. Rammelsberg, 
the formula is (U0 2 )0, where the bivalent radicle UOg is called uranyl, and Accord- 
ingly uranium trioxide can be regarded as uranyl oxide , (U0 2 )0. This is supported 
by the difficulty in preparing the hexahalides — uranium sexavalent -and the ease 
with which the uranyl salts- U0 2 (N0 8 ) 2 , U0 2 S0 4 , U0 2 C1 2 , U0 2 F 2 , etc.— can be 
prepared. Uranium trioxidc is an orange-yellow powder ; J. J. Ebelmen said 
brick-red. According to F. W. 0. de Coninck, when crystalline uranium nitrate 
is rapidly calcined, it yields a red modification of the tnoxide, which is supposed 
to be a polymeridc, (U0 3 ) 2 , of the orange variety. The orange variety is formed 
by the slow thermal decomposition of the nitrate and it is partially transformed 
into the red variety if kept at a red -heat for some time. If the red form is kept 
for 40 hrs. at a dull red-heat, or at a high temp., it is converted into a brown oxide, 
but it does not give the green uranosic 
oxide if heated to redness in a closed fc f [ 

platinum crucible. R. de Forcrand J ^ 

also prepared what he regarded as a ® 
polymeride of the trioxide by heating 
uranyl nitrate at 500° to 600°. 

Attempts to determine the mol. wts. 
have not been successful. So far as 
the available evidence is concerned the 
difference in colour may represent 
nothing more than a difference in the 
grain-size of the two products. V. M. (loldschmidt and L. Thomosscn, and 
W. Biltz and H. Muller examined X-radiograms of uranium trioxide, and found 
it to lie amorphous- vide infra. W. Biltz, and W. Biltz and H Muller measured 
the specific gravity and molecular volume of the oxides, at 25°/4°, between 
UOg.Qgg and UO^gg, and calculated the mol. vol. of the contained oxygen. The 
results are plotted in Fig. 6. The following is a selection from the results, for 
UO n : 
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Fio. 7. — The Thermal 
Decomposition of 
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n 3009 

Hp. gr. 6 030 

Mol. vol. 47-57 
Vol. O .114 
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40-28 

045 
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8-301 
33 83 
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2-537 

8-776 

3344 

7*0 


2454 

0-384 

20-58 

6-95 


2-333 

9-756 

28-24 

6-65 


2-262 

10-00 

25-17 

5-5 


2-000 1-992 

10-75 10-80 

25-21 26-03 

6-3 6-2 


G. Beck gave 7-29 for the up. gr., and 39-2 for the mol. vol. D. Balafeff discussed 
the mol. vol. L. Eisner stated that when uranium oxide is heated in a porcelain 
oven, there is evidence of somo volatilization ; and W. Biltz and H. Muller observed 
that in a quartz bulb U0 2 . 8 i gave a faint sublimate at 1214° and 1-0 mm. press. ; 

a faint sublimate at 1240 ° and 1-4 mm. ; l T O 2 , 30! a very faint one at 1160° 
and 0-3 mm. ; and U0 2 . 2 o, & faint one at 1240 ' and 0-02 mm. In another set of 
experiments at 1300° ±20°, over about 10 hrs., and about 1 inm. press., 0-036 per 
cent, sublimed from U0 2 . 0 oo ; O’® P er rent ' f rom U0 2 . 3 ; and 4-0 per cent, from 
UOjj. 087. The sublimate approximated U0 2 -i5. The evolution of oxygen from 
the Bolid thus favoured sublimation — the residue from the U0 2 remained un- 
changed, the other left a residue approximating U0 2 . 2 7. J. J. Ebelmen, and 
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F. W. 0. de Coninck discussed the decomposition o! uranium trioxide ; 6UO3 
=*=2U 3 0 8 +0 2 . According to 0. Brunck, the oxygen which is evolved contains a 
perceptible quantity of ozone. At a constant press, of 10 mm. of oxygen, W. Biltz 
and H. Muller obtained the results indicated in Fig. and they noted that the 
colour of UO9 is pale orange-yellow, and as it passes into U0 2 .o, the colour becomes 
greyish-brown with a greenish tinge, and the X-radiogram shows* the presence of 
U 8 0 B on passing to U0 2 . 8l the green tinge becomes more marked, until with U0 s .e7 
the colour is moss-green or olive-green ; on attaining U0 2 .fl, the colour darkens, 
and becomes almost black with U0 2 . 2l and the X-radiogram shows the presence 
of U 8 0 8 , as well as of U0 2 ; on passing to U0 2<1 and U0 2 , the colour becomes 
black or dark brown, and the X-radiogram of U0 2 alone appears. W. Biltz and 
H. Muller measured the dissociation pressure of the oxides between UO a and U 8 0 8 . 
The results are illustrated by Fig. 8. The observed dissociation press, are not 
equilibrium press., although in some cases they may approach that state. 
A. Fischer and co-workers observed the decomposition of uranium trioxide in air 
between 470° and 580° to form uranosic oxide ; and P. Jolibois and R. Bossuet 


afiUa 


observed breaks at 360° when the trioxide is heated at 

J 30° and at 710 mm. press. ; D. Balarelf observed that 
J in vacuo, at 502 u , the formation of uranosic oxide is 
rapid, and the change from uranosic oxide to the 
tnoxide is irreversible. P. Lebeau observed that a 
preparation of uranosic oxide kept for about five years 
acquires a brownish-green surface film of hydrated 
tnoxide ; and that the greyish-black uranosic oxide 
200 400 600 800 °btdned l >y heating the oxalate at 350° becomes 
Pressure p mm. brownish-orange and increases in weight when heated 

_ . . . p for 12 hrs. in air at 350°; if the uranosic oxide has 

sure of Uranium Oxides* been heated to 800°, it is inactive and is dead-burned. 

W. Biltz and H. Muller made analogous experiments 
which showed that finely-divided uranosic oxide can be oxidized, and that the oxi- 
dation of uranosic oxide to the tnoxide in geological processes is rendered probable. 

W. G. Mixtcr found that the heat of formation, (U,30) -303-9 Cals ; 
(l T 0 2 ,0)=34-2 Cals. ; and U 3 0 8 +0=3U03+16-2 Cals. It. de Forcrand gave 
19'803 Cals, for the heat of soln. of the trioxide in dil. nitric acid. A. Wehnelt 


classed uranium as an 11 inactive oxide ” as far as the emission of electrons is 


concerned when it is fixed on a platinum disc and used as the cathode of a dis- 
charge tube. M. L. Phillips studied the radiations from the incandescent oxide. 
F. Behounek observed no increase in the radioactivity of the tnoxide on exposure 
to sunlight ; the subject was studied by S. Maracineanu. M. lc Blanc and H. Sachse 
found the sp. electrical conductivity of the trioxide to be over 5x10“ 8 at 400°. 
According to E. Wedekind and C. Horst, the trioxide is paramagnetic, and the 
magnetic susceptibility l*O8xl0“ 6 unit. The subject was discussed by W. Biltz 
and C. Fendius, who observed 293 Cals, for the heat of formation. 

V, Kohlschiitter and K. Vogdt attributed the retention of gases like helium, 
nitrogen, and nitrons oxide to the water present in the oxide. The subject was 
discussed by C. Friedheim — vide infra , hydroxylamine uranate. P. Sabatier and 
J. B. Senderena, and H. Hermann observed that when heated in hydrogen, 
it is reduced to a lower oxide. G. Gore found that dry hydrogen chloride formR a 
yellow product soluble in water ; F. 0. von der Pfordten, that adds form yellow 
soln. Cone, hydrobromic acid was found by R. Sendtner to dissolve hydrated 
uranium trioxide, forming a soln. of uranyl bromide ; but hydriodic add acts as a 
reducing agent. A. W. Cronander found that when the trioxide is heated in a sealed 
tube with phosphorus pentachloride, the complex PIVUCI5 is formed — vide infra. 
V. Kohlschiitter found that hydrogen sulphide reduces neutral, alkaline, or feebly 
acidic soln. R. Sendtner found that hydrated uranium trioxide dissolves in dil. 
•etanic add, forming a soln. of uranyl selenate ; and in selenious add, forming a soln. 
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of uranyl selenite . H. Moissan found that when uranium trioxide mixed with oatbon 
is heated in the electric furnace at 3000°, it is reduced to the metal ; 0. Brunch, that 
it is reduced to uranosic oxide when heated in carbon dioxide ; H. Hermann, that 
onrbon disulphide vapour mixed with carbon dioxide reduced it to the dioxide ; and 
H. E. Quantin, that carbon tetrachloride, or a mixture of chlorine and carbon 
monoxide, at a high temp., forms a mixture of uranyl dichloride and uranium 
hexacliloride ; but A. Michael and A. Murphy said that in a sealed tube at 250°, 
carbon tetrachloride and uranium dioxide form uranium pentachloride, and 
P. Camboulivcs, that carbon tetrachloride at 360° forms the tetra- and ponta- 
chlorides. L. Kahlenbcrg and H. W. Hillyer found that the trioxide is insoluble in 
a boiling, aq. soln. of potasshun tartrate ; and W. Gibbons, that it is soluble in 
oleic add. G. Rauter found that when heated with silicon tetrachloride in a sealed 


tube, the trioxide forms chlorine, uranium tetrachloride, uranyl chloride, and silica. 

T. Graham prepared a colloidal solution of hydrated uranium tnoxide by 
adding alkali-lye to a soln. of uranyl nitrate or chloride in the presence of sugar ; 
the salts and alkali were removed from the deep orange soln. by dialysis. The 
soln. was fairly stable, and it was coagulated by electrolytes. B. Szilard obtained 
the colloidal soln., containing a little electrolyte, by the gradual addition of uranyl 
hydroxide to a dil. soln. of uranyl nitrate as long as the former is dissolved ; the 
soln. thus obtained is orange-yellow in colour and very stable. The uranyl 
hydroxide here employed was obtained by exposing to light a mixture of uranyl 
acetate and ether and thoroughly washing the resulting precipitate. F. Mylius 
and R. Dietz also prepared the colloid by precipitating the chlorine from an aq. 
soln. of uranyl chloride, by means of silver oxide, and afterwards dialyzing the 
soln The colloidal soln. ho prepared has an astringent taste, reddens litmus, and 
when heated deposits dihydrated uranium tnoxide. V. A. Kargin also prepared 
the hydro, sol. B. Moore and T. A. Webster found that a dil. soln. of the colloid 
is a powerful catalyst in the synthesis of formic acid by exposing on aq. soln. of 
caibon dioxide to sunlight. K C Hen discussed the peptization of the hydrated 
oxide by sugars. 

In the electrometric titration of 100 c.r. of a solu. of 0 00833A/-uranyl nitrate in 
0-01 49A’ UN() 3 , ir. T S Britton obtained the results summarized in Fig 9. There 
is a slight inflexion in the cur\c with 14-9 v c. of alkali, — 


due to the presence of scxivalent uranium nitrate in the /? 
soln With 45 c c. of alkali the composition of the ^ /f 

solute is U(N0 3 ) 2 3 h(G 1I) 8 fl2 , and the soln then becomes ^ 9 
deeper yellow but clear ; with 55-8 c c. of alkali, when 4 
the solute 1 has the composition U(N0 3 ) 1 .o8(OH) 4 .o2, a *5 s 

yellow precipitutc separates — i,e. when pn 15 nearly 4*2. , 

The deepening of the colour of the highly basic soln. ib 0 (hoos N^N aof? ^ ^ 
attributed to a gradual increase in the size of the basic 

particles of the solute, since the uranium hydroxide is held 9“Eloctrometric 

in soln. in a state closely akin to that of a colloid. The Nitrate” 1 Soln with 

hydrion cone, of the soln when 48 c.e of alkali has been Sodium Hydroxide, 

added is 10“ 3 ' 7 ; the soln. then contains the proportions 

of uranium and nitrate present in uranyl nitrate, but is much deeper in colour 
than that obtained by dissolving uranyl nitrate crystals. The explanation of 
this difference probably lies in the fact that uranyl nitrate is crystallized 
from strongly acid soln. On soln. in water, it tends to revert to a state 
which is probably colloidal, as shown by the changes in colour and in con- 
ductivity which C. Dittrich found that it undergoes on standing and especially at 
high temp. If the increase in conductivity which takes place on standing is due 
to the formation of particles which are essentially colloidal, these particles must 
be capable of some kind of ionization. There seems to be very little support for 
the belief that uranyl salt Boln. contain the uranyl-cation ; none is to be found 
in conductivity measurements, which show that the increases in conductivity with 
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dilution of Boln. of the nitrate, chloride, and sulphate are anomalous. Precipita- 
tion is complete when 64 c.c. of alkali has been added, as compared with 64*7 o.c. 
which are required for the complete formation of uranic hydroxide. Hence the 
precipitate is uranic hydroxide containing a very small quantity of undecomposed 
nitrate. Dilute acid soln. of uranium nitrate or uranyl salt soln. themselves, 
when gently heated, undergo some profound change ; the colour becomes deeper 
and the reverse change on cooling takes place very slowly. They become alkaline 
to phenolphthalein when the theoretical amount of alkali is added, but a precipitate 
separates only when an appreciable excess of alkali has been added or the soln. 
has been boiled for some time. The opalescence of the alkaline colloidal soln. 
nds on the temp, to which the original soln. has been heated. The deep 

E w soln. formed by gentle heating are almost clear, whereas those which have 
boiled become visibly colloidal. If not too great an excess of alkali is added, 
the resulting colloidal soln. remains quite stable for several days. They are 
coagulable on addition of 1 or 2 c.c. of sat. potassium chloride soln. Heating thus 
appears to cause some change in the state of aggregation of the particles of uranium 
hydroxide, or more likely of highly basic salt, which aTe probably in equilibrium 
with free nitrate ions and are thereby enabled to enter into reaction with alkalies, 
so that the uranium hydroxide complexes remain in colloidal soln. P. Jolibois and 
R. Bossuet found that the precipitate obtained by the addition of soda-lye to a soln. 
of uranyl nitrate is not the diuranate, but the hydroxide associated with 1-2 to 8*0 
per cent, of adsorbed alkali. 

The observations of G. F. Huttig and E. von Schroder on the vap. press, of 
hydrated uranium trioxide with an excess of water are summarized in Fig. 10, 



in the form of a dehydration curve. This shows that 
three hydrates can exist under these conditions. 
Observations were also made by A. Fischer and 
E. K, Rideal. At a little over 160°, the hemihydrate , 
U0 3 . £H 2 0, or 2U0 3 .H 2 0, or pyrouranic add, or diuranic 
add, H 2 U 2 0 7 , exists. This hydrate loses its water at 
300°, forming uranium trioxide. According to L. Pissar- 
jewsky, the heat of neutralization of a mol of pyrouranic 


Fig. 10.— Dehydration Curve acid by sodium hydroxide is 17*859 Cals. The mono - 
of Hydrated Uranium hydrate , U0 3 .H 8 0, or OTaiiyl hydroxide, UO a (OH) 2 , or 
Trioxide. uranic acid, H 2 U0 4 , appears at about 96° on the dehy- 


dration curve of G . F. Hiittig and E. von Schroder, Fig. 10. 
J. J. Ebelmen obtained it as an orange-yellow product by heating the higher hydrate 
in vacuo at 100° ; and B. Drenckmann, by keeping it at 160° ; and R. do Forcrand, 
at 80°. It was also obtained by F. J. Malaguti, and C. F. Bucholz by drying the 
higher hydrate at 100°. F. J. Malaguti prepared it as an amorphous, lemon-yellow 
powder by heating an alcoholic soln of uranyl nitrate for some time at a temp, 
below its b.p., and washing the precipitate. J. J. Berzelius, C. F. Bucholz, and 
J. Aloy heated uranyl nitrate on & sand-bath so long as nitrous fumes were evolved, 


and extracted soluble salts from the residue by repeatedly boiling it with water. 
J. Riban obtained crystals by heating a 2 per cent. soln. of uranyl acetate for 
100 hrs. in a sealed tube at 175°. J. Aloy obtained this hydrate by exposing 
dihydrated uranium dioxide to air ; and also by heating the violet hydrate or 
uranosic oxide with water at 100 c until it is completely converted into the yellow 
hydrate ; F. W. O. de Coninck, by the action of cold hydrogen dioxide on uranium 
dioxide ; C. Dittrich, by decomposing uranyl nitrate on a hot sand-bath and then 
boiling the product with water ; .1 . Zehenter, by exposing to air the violet pre- 
cipitate obtained by the insolation of a soln. of uranyl acetate— the violet hydroxide 
soon passes into the yellow, monohvdrated uranium trioxide; and A. Mailhe, by 
digesting precipitated copper hydroxide with a soln. of uranyl nitrate. F. W. O. de 
Coninck and M. Oamo electrolyzed a soln. of uranyl nitrate with a current of less 
than X amp., and obtained the orange monohydrate. 8, J. Diachkowsky prepared 
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WWW ®Wl hjdrooridft by the hydrolysis of uranates and dialysis in running 
water. Dehydration leads to coagulation of the hydrosol resulting in the precipita- 
tion of a hydrate of uranic acid. When hydration is complete, the precipitate ■ 
formed on coagulation corresponds with NagUjjC^. In either case on treatment with 
water a colloidal soln. is again formed. The whole synthesis can be represented ! 
nNa,U 2 0 7 ^Na 2 lT 2 0 7 . H 2 U° 4 ] n iKH 2 0(UG 3 ) 2 U0 2 (0H) 2 ] n ^[U0 2 (0H) 2 ] J1+1 , the 
equilibrium being disturbed if sodium diuranatc or uranic acid is removed from 
the sphere of reaction. The particleB are negatively charged and their velocity 
in an electric field corresponds with a charge of 1*984 x IQ* 8 e.s.u. The density 
of the sol is 7*45, and the Bize of the particles varies from 1*144 xlO“ lfi to one 
a mi cron, allowing that the system is poly disperse. Hydrochloric acid, barium 
chloride, and aluminium chloride coagulate the sol ; and with aluminium chloride 
the sign of the charge changes. K. C. Sen discussed the retardation in the peptiza* 
tion of the colloid by the presence of sugar. 

.T Aloy said that he obtained the hydrate in yellow, microscopic, rhombic 
plates ; and J. Hi ban, in yellow, six-sided prisms or plates. According to F. W. 0. de 
('on nick and M. (Wo, the sp. gr. is 5-926 at 15°. J. J. Ebelmcn found that the 
monohydrate loses its wateT completely at 300° ; F. J. Malaguti, that one-third of 
the water is lost at 400°, and all at a higher temp. Oxygen is given off at the same 
time, forming urano.sk oxide, etc. G. F Hutlig and E. von Schroder’s observatio ns 
on this subjet t are summarized in Fig. 10. G F. Huttig gave for the heat of forma- 
tion of the hydrates, (l T 0^,H 2 0)= 13-29 Cals. ; (C0 3 ,H 2 0) -=23-4 Oak; 
(l0 3 ,liH 2 0) .11-74 Cals - and (U0 <1( 2H 2 0)- 119-24 Cals. R. de Forcrand gave 
14*816 Cals fm the heal of soln of the monohydrate in dil. nitric acid. Accor ding 
to J Aloy, the heat of neutralization of l T () 3 .H 2 04 HOI, etc., with 0-5iV-soln. of 
the acids is with hydrochloric arid, 8-4 Oak ; with hydrobromic acid, 8-8 Cals. ; 
wkh nitric acid, 8-i Cals ; with sulphuiic acid, 9-5 Cals. ; and with acetic acid, 
7-1 f \ds According to ( '. A. Fieri e, the electrode potential of the hydrate, U0 3 .H 2 0, 
against a soln of 1 1-3 grmB. of uranyl nitrate per litre, is — 0-860 volt. J. Aloy 
observed that it is mluced to UTanimn dioxide when heated in hydrogen, and 
that it is easily soluble in dil. acids. F. W. 0. do Coninck found that the hydrate 
reacts with calcium oxalate, at a red-heat, in accord with : CaG,O d d-U0q.H 9 O 
Caf'Ojj C0 2 +U0 2 iH 2 0. 

J. J. Ebelmcn prepared the dehydrate , UOj^^O, or hydrated uranic acid , 
H 2 V(VH 2 0, by exposing a soln. of uranyl oxalate to sunlight until the violet- 
brown precipitate is yellow, and then drying it in air ; and by boiling a soln. of 
ammonium urnnyl carbonate until it falls as a yellow precipitate, or, according to 
B. Drcnckmann, by allowing a soln. to stand for 9 months with a limited access 
of air ; J. Alov, by the slow oxidation in air of the violet hydrate of uranosic oxide ; 

B. Drcnckmann, by heating a mixture of potassium chlorate and uranosic oxide 
up to the m p , and when cold, boiling the product repeatedly with water ; F. Mylius 
and R. Dietz, by boiling the colloidal soln. ; J. Aloy, by heating uranosic oxide 
with water ; F. W. 0. de Coninck, by heating uranium dioxide with hydrogen 
dioxide ; and F. Lebeau, by evaporating a soln. of uranyl nitrate at ordinary temp, 
over sulphuric acid, ami then extracting the residue with ether. The dihydrate 
appears as a lemon yellow powder ; and J. Alov obtained it in rhombic, rectangular 
plates and prisms. According to H. Rose, the dihydrate reddens moist litmus 
paper— vide supra, colloidal uranium trioxidc. T. L. Walker described a lemon- 
yellow mineral from Kasolo, Katanga, Belgian (Jongo, which he called SchOQpiifr— 
after A, Schocp. Its composition was found by A. Schoep to approximate 
U0 3 2H 2 0 ; the rhombic crystals have the axial ratios a : b :c- 0 426 : 1 : 0-875. 
The sp. gr. is ,5-685. The (OOl)-cloavago is perfect; there is no pleochroism. 

V. Billiet found that the indices of refraction are a— 1*690, ]8=- 1-7 14, andy=I*735. 

It is optically negative. A. Schocp said that becquerelife- ^ride infra, lead uranate 

ft similar mineral from the same locality, and that the axial ratios of the rhombic 
crystals are a : b : c== 0*5537 : 1 : 0*5938, with a perfect cleavage parallel to (001), 



*0 


INORGANIC AND THEORETICAL CHEMISTRY 


and a legs marked cleavage parallel to (101). Becquerelite contains over B P®* 
cent, of lead oxide as impurity, whilst Bchoopite rarely contains 1 per cent. jhO 
two minerals show that the dihvdratc, COj^HjO, is dimorphous. Becquerelite 
loses half its water at 150° and the remainder at 500°, whilst Bchocpite loses hall 
its water at 110° and all at 325° ride infra, fvurmarierite. S. C. Lmd and 
C. IV. Davis described a mineral wliicii they called lambe)1\te — after R. Lambert— 
and which occurred at Silver (litf Hill, Lusk, Wyoming. It is said to be hydrated 
uranium trioxide, but E. S. LaTscn and co-workers found that lambcrtite is 
nothing but uranophane, OaO/inO;, 2Si0 (J .GH 3 0. According to J. J. Kbelmcn, and 
B. Drcnckinann, the dihydratc is stable in air, and it docs not absorb carbon 
dioxide from the atm. ; and it loses a mol. of water at 100° to 160°, and at 300° 
passes into uranium trioxide — vide supra , flic monohydrate. O. F. Hiittig and 
E, von Schroder's observations on this subject arc summarized in Fig. 10. R. de 
Forcrand gave 12*375 Cals, for the heat of soln. in dil. nitric acid. A. Schoep 
described a mineral found in the cavities of a specimen of uraninite from Katanga, 
Belgian Congo. The mineral was called ianthinite— from tavOivos, violet coloured. 

It forms acicular rhombic crystals with the axial ratios a : b : c— 2*5938 : 1 : — . 
The cleavage is micaceous and the colour violct-black with a brownish-violet streak. 
The pleochroism is strong, a, colourless, b, dark violet, and c, violet. The indices 
of refraction are a— 1*074, 1*90, and y— 1*92. V. Billiet gave 164, 1*92, 

and 1*90 respectively. Its composition approximates to the kemiheptakydrate , 
2U0 a .7H 2 0. 

Uranium trioxide is amphoteric. All the hydrates dissolve in acids to form 
yellow soln. of uranyl salts ; whilst with inorganic and organic bases uranium 
trioxide forms uranates. W. R. E. Hodgkmson and F. K. 8. Lowndes observed 
that when the hydrate is heated with potassium chlorate, chlorine is given off 
and potassium diuranate is formed. M. E. Chcvrcul found that uranic acid reddens 
litmus as acids do, but affects hcnmtinc blue as do salifiable bases. 
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§ 12. The Normal Uranates, or Monouranates 

Uranic acid, H-jUO*, behaves a'? ft dibasic acid foinung salts of the typo li.A , 
and, like the other acids of the same family of elements, it forms rnoie and Haiti, 
R 2 O wUOj, in which r? may be 2, 3, 4, 3, and 0. With the exception of pyrouranic 
acid, or diuranic acid, the corresponding acids are unknown The acid 

salts are probably constituted like the corresponding molybdn* and tungstic salts ; 
but they have not yet been investigated Only salts of the more electropositive 
metals have been prepared. 

Normal ammonium wavate, (NJI 4 )jU() 4 , has not been prepared, although acid 
salts are known. K. A Hufmunn 1 prepared anhydrous hydroxylamine uranate, 
(NH 3 0 H) 2 U 0 4 , a& a golden-yellow, amoiphous powder, by heating the aminine — 
vide m/ro- -with glycerol at 100°. The product is washed with alcohol and ether. 
The monohydratc, (NH 3 0H) li U0 4 H 2 0, is formed by allowing the aminine to remain 
for some hours in contact with water at ordinary temp , or by treating the amminc 
with hot water, or by treating it with acetic aud. K A Hofmann obtained it by 
digesting uranic acid or uranyl nitrate with an excess of an aq. soln. of hydroxyl- 
amine ; and V. Kohlschutter and K Vogdt, by adding hydroxylamine hydro- 
chloride to the orange pieripitatc produced by adding alkali-lye to a soln. of a 
uranyl Balt. H. Gubler modified the process, and also added dil. aq. ammonia to 
a soln of 50 grins of uranyl nitrate in 200-300 1 e. of water, with constant stirring 
until the uranium is all precipitated as ammonium urauate. A soln. of 14-15 
grma. of hydroxylamine hydrochloride in 50 < c of water is then added ; and after 
Btanding half an hour, the precipitate is filteied, and washed twice with alcohol, 
and ether. There is generally a dark decomposition pioduet formed in these pro- 
cesses. The hydroxylamine uranate obtained by V. Kohlschutter and K, Vogdt 
appeared in yellowish-green crystals; whilst that piepared by K. A. Hofmann 
appeared in yellow, elongated plates, pointed at both ends at an angle of 120°. 
When heated the salt decomposes with a flight explosion, producing a gTeenish- 
black powder. V. Kohlschutter and K. Vogdt said that when slowly heated at 
125°, it decomposes into water and ammonia, which pass away, and into nitrogen 
and nitrous oxide, which remain practically entirely dissolved in the uranic acid, 
and escape on dissolving the residue in dil. acids. Uranium oxide only exercises 
this power of retaining indifferent gases so long as it contains traces of water, the 
real solvents being hydratcB of uranium trioxide. It is suggested that the water 
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present plays an important part in the retention of such gases as helium in uranium 
minerals. On the other hand, C. Friedlioim suggested that the product obtained 
by heating hydroxylamine uranate at 125° is not a solid soln. of nitrogen and nitrous 
oxide in uranic acid, but that the decomposition proceeds : UO a (O.NH 8 OH)$ t 
-*U0 2 : (O.NH 3 ) 2 : 0. Hydroxylamine uranate is known to behave as an acid, 
and the compound obtained by the action of heat may be regarded as an anhydride, 
so that the residue after heating consists of this anhydride mixed with a certain 
amount of uranic acid. The action of sulphuric acid on the anhydride is to yield 
ur&nyl sulphate and (H0.NH 3 ) 2 0. This latter loses water, yielding the anhydride 
of hydroxylamine, (NH 2 ) 2 0, which immediately decomposes into nitrogen, nitrous 
oxide, ammonia, hydrogen, and water. The hydrogen is probably used up in 
reducing uranium trioxide. If. Gubler said that the salt does not explode at 100° 
when out of contact with oxygen ; but if heated to 100° in a current of oxygen, 
uranic acid remains as a residue, while hydroxylamine is given off, and this decom- 
poses into steam and an equal vol. of nitrogen and nitrous oxide. If the temp, 
exceeds 100°, some ammonia is formed as well ; but if no oxygen is present and the 
water vapour is removed by a current of inert gas, steam, ammonia, and hydrogen 
are formed. K. A. Hofmann found that the salt readily reduces Fehling’s soln. 
V. Kohlschutter and K. A. Hofmann added that the brow nish- black substance 
which is formed when hydroxylamine uranate is dehydrated at 12-1° is uranium 
pentoxynitride, U0 5 N, a substance which liberates a mixture of nitrogen and 
nitrous oxide when treated with cold dil. acids, urunic acid passing into 
soln. According to K. A. Hofmann, hydroxylamine diamminouranate, 
(NHgOH^UO^NHs, is obtained by adding 100 c c. of 7 per cent. aq. ammonia 
to an aq. soln. of 20 grins, of uranvl nitrate and 10 grins, of hydroxylamine hydro- 
chloride. The product is washed successively with dil. ammonia, alcohol, and 
ether. The constitution is represented by the formula U0 2 (0.NII 3 .0 N1I 4 ) 2 . 
The amminouranare is a lustrous, canary-yellow, crystalline powder consisting of 
microscopic, rhombic tablets ; it is stable at the ordinary temp , loses ammonia 
when heated at 73°, and decomposes with a slight explosion when licatcd to 178 - 
180° in a capillary tulve. It reduces Fehhngb soln. at the ordmuty temp., and 
when cautiously heated to 120° is converted into uranic acid, 1L>U0 4 . The ammonia 
is readily expelled when the salt is treated with water as indicated above ; the 
uranic acid is not reduced when the salt is boiled with soda-lye T1u»m* facts are 
taken to confirm the above formula. When the anmunourauate is treated w r ith 
2 mols. of acetic acid, it yields ammonium acetate and hydroxylamine uranate ; 
with an excess of acetic acid, it yields a double salt of uruuyl acetate and hydroxyl- 
amine acetate, which crystallizes in yellow, lustrous prisms. 

According to V. Kohlschutter and K. A. Hofmann, potassium hydroxylamine 
hydrouran&te, (NH 3 0H)(NH 3 0K)U0 4 .II 2 0, is obtained by dissolving 10 grins, 
of uranyl nitrate and 15 grms. of hydroxylamine hydrochloride m 100 c.c, of w r ater, 
and adding a 10 per cent. soln. of potash-lye until the yellow, ttoceulent precipitate 
at first formed is rcdissolved ; reddish-yellow cubes separate slowly fiom the 
liquid, precipitation being hastened by adding alcohol. The substance disintegrates 
to a yellow powder when heated, and has an amniomacal smell ; it is sparingly 
soluble in water, and is oxidized slowly by Fehling s soln. Turmeric is coloured 
brown by dil. soln. When the potassium compound is digested with water which 
has been sat. with carbon dioxide, the colour changes to green and hydroxylamine 
uranate is produced. The corresponding sodium hydroxylamine hydrouranate, 
(NH 8 0 H)(NH a 0 Na)r 04 .H 2 0 , is obtained in minute prismatic crystals in a 
similar manner , and the mother-liquor deposits sodium hydroxylamine uranate, 
(NH 3 ONa) 2 UO 4 . 0 H 2 O, in orange-red rosettes of prisms, and dissolves in its water 
of crystallization when heated ; it is readily soluble in water, and vigorously reduces 
Fehlings soln. 

A, Ditto 2 prepared lithium uranate, Li 2 U0 4l by fusing together a mixture of 
lithium chloride and uranosic oxide, and extracting the cold product with water. 
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J, L. 0. Zimmermann prepared lithium uranate by heating a mix ture of lithium 
and ammonium chlorides with uranyl chloride at a high temp. The product, when 
cold, is washed with cold water. Whilst potassium and sodium chlorides under 
similar conditions give the diuranates, lithium chloride forms the normal salt. 
Lithium uranate is far more easily decomposed by hot water than the corresponding 
sodium or potassium salts ; lithium and uranyl hydroxides are produced. Q. Tam* 
mann and W. Rosenthal prepared lithium uranate by heating mol. proportions of 
lithium carbonate and uranium trioxide to 600°. The reaction begins at 380°. 
£. Drenckmann obtained Bodmin uranate, N&2UO4, by heating sodium diuranate 
with a large excess of sodium chloride ; A. Dittc, by heating uranosic oxide with 
sodium carbonate or chloride with or without sodium chlorate ; T. Poleck, by boiling 
the yellow soln. of sodium perdiuranate, obtained by fusing a uranyl salt with Bodium 
dioxide ; and L. Michel, by heating uranium molybdate with sodium chloride. 
J . L. C. Zimmermann converted the amorphous salt into crystals by fusing it with 
sodium chloride. A. Dittc said that the salt forms greenish-yellow plates, and 
L. Michel, reddish-yellow, doubly refracting, rhombic prisms with a cleavage on the 
(llO)-face, and the optic axial angle 2itf=59°. W. (J. Mixter gave for the 
heat of formation, (U0 3 ,Na20)~96-l Cals. ; (U0 2 ,Na20 2 )= 110-9 (Jala. ; and 
U 3 0 6 +Na 2 0 2 +2Na 2 0=3NaoU0 4 -f' 285-1 Cals. A. Ditte added that the salt is 
insoluble in water, and freely soluble in acids. A. Ditte prepared normal potassium 
uranate, K2UO4, as in the case of the sodium salt, namely, by fusing together a 
mixture of potassium chloride and uranosic oxide ; if the mixture in a platinum 
crucible be heated from below, the uranate separates as a crystalline crust at the 
surface, and can be washed free from chlorides by water. H. Grande a u obtained 
it by fusing a mixture of uranyl phosphate and potassium sulphate ; J. L. C. Zim- 
mermann, by fusing a mixture of 6 parts of uranyl chloride, 16 parts of ammonium 
chloride, and 4 parts of potassium chloride ; and O. Brunck, by heating together a 
mixture of uranium trioxide and potassium chlorate. The products washed free 
from soluble matters furnish, according to H. Grandeau, orange-yellow, pseudo- 
hexagonal plates. The crystals are rhombic, with the optic axial angle 2#= 110°, 
approximately. A Ditte obtained rubidium uranate, Rb 2 U0 4 , by fusing rubidium 
chloride and uranosic oxide as in the case of the potassium salt. G. Tammann and 
W. Rosenthal found that a mixture of mol. proportions of copper oxide, or of silver 
oxide, and uranium trioxide begins to react, forming brown copper uranate, CuU0 4 , 
at 340°, and brown silver uranate, AgoU0 4 , at 150° respectively. 

F. W. 0. de Coninck prepared calcium uranate, CaU() 4 , as a dark red precipitate, 
by adding ammonia to a mixed soln. of uranyl chloride and calcium chloride : 
U0 2 C1 2 1 CaCl 2 -b4NH 3 +2H 2 0--CaU0 4 - t -4NH4n, and A. Ditte, by heating a 
mixture of uranosic oxide and calcium chloride -free from oxide. G. Tammann 
and W. Rosenthal found that the formation of calcium uranate begins at 160° 
when a mixture of mol. proportions of the constituent oxides is heated. According 
to A. Ditte, the greenish-yellow plates are insoluble in water, but soluble in dil. 
acids. If heated to redness for a long time the colour deepens, and the compound 
dissolves less readily in dil. acids. By using processes analogous to those employed 
for calcium uranate, F. W. O. de Coninck, and A. Ditte prepared strontium uranate, 
SrU0 4 ; also barium uranate, BalJ0 4 . J. A. Ilcdvall and N. von Zweigbergh 
observed that a mixture of barium dioxide and uranium trioxide begins to give off 
oxygen at 250°. G. Tammann and W. Rosenthal found that the normal uranates 
begin to form when a mixture of mol. proportions of uranium trioxide and strontium 
oxide is heated to 125°, and with barium oxide the reaction begins at 240°. No 
beryllium u ranate was observed by heating a mixture of mol. proportions of the 
constituent oxides to 600° ; but yellow magnesium uranate, MgU0 4 , was obtained. 
A. Ditte also prepared magnesium uranate. I. Wcrtheiin found that zinc uranate, 
ZnU0 4 , is deposited on a sheet of zinc immersed in a soln. of uranyl nitrate ; and 
it is deposited when zinc uranyl acetate is treated with baryta-water. M. Kohn 
observed that when a boiling cone. soln. of uranyl nitrate is treated with basic 
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zinc carbonate, and the yellow precipitate is washed successively with water, alcohol, 
and ether, the product consists of hydrated uranium trioxide contaminated with 
zinc oxide. G. Tammann and W. Rosenthal found that the formation of zinc 
uranate begins when a mixture of mol. proportions of the constituent oxides is 
heated to 200° ; with orange-yellow cadmium uranate, CdU0 4 , the reaction begins 
at 425° ; with orange-yellow mercuric uranate, HgU0 4 , at 175° ; and with yellow 
aluminium uranate, A1 2 (U0 4 )3, at 450°. C. Renz found that indium uranate is 
precipitated from a soln, of an indium salt when it is treated with a soln. of Bodium 
uranate ; and H. C. Bolton obtained a yellow precipitate of thalloug uranate, 
resembling the alkali ura nates, when thallous hydroxide is added to a soln. of a 
urunyl salt. G. Tammann and W. Rosenthal observed that cerium uranate is not 
formed when an equimolar mixture of cerium and uranium trioxides is heated to 
600°. 

The canary-yellow or orange-yellow crystalline crusts found on the pitchblende 
from Kasolo, Katanga, Belgian Congo, were called by A. Seliocp becquerelite — 
after H. Bccquerel. The minute rhombic crystals have the axial ratios a:b:c 
=0-5537 : 1 : 0-5938, and arc like schoepite, U0 3 . 211,0, but contain a higher pro- 
portion of lead. S G. Gordon, re-orienting the measurements, obtained a:b:c 
=0-432 : 1 : 0-874, virtually the same as schoepite. When dried at 100° becquerelite 
corresponds with a kind of lead uranate, or it may be the hydrated tnoxide with 
some uranyl replaced by lead, namely, (U0 2 .Pb)0, 2H z O- vide supra , schoepite. 
The crystals of becquerelite muy be twinned after the aragonite type ; the (001)- 
and (lit)) cleavages are perfect ; the indices of refraction a ’-1-75, and 1-77 ; 
the optical character is negative ; and the pleocliroism ranges from colourless to 
deep yellow. V. Billiet gave 1-750, 1-88, and 1-87 for the indices of refraction of 
the rhombic crystals. G. Tammann and W. Rosenthal observed that a mixture 
of mol. proportions of lead oxide and uranium trioxide begins to react at 375°, 
forming lead uranate. Normal lead uranate, PbU0 4 , wns prepared by I Wertlicim, 
and C. F. Rammelsberg by calcining lead acetate and a uianium salt at a dull red- 
heat. J. Zehenter said that the reddish-brown mass consists of microscopic needles. 
It becomes black when heated to bright redness. The salt is insoluble in water, 
potash-lye, aq. ammonia, alcohol and ether ; sparingly soluble in cold acetic acid ; 
and freely soluble in nitric acid and hot acetic acid. According to K. C. Bailey, 
lead uranate is insoluble in boiling distilled water, or in a boiling soln. of sodium 
chloride, but in both cases some lead salt passes into soln. when N the system is 
exposed to a-rays The reaction waH discussed by A. Holmes. J. Melon found 
that the composition of the rhombic crystals is Pb0.5U() 3 .10H 2 0, and V. Billiet 
found the indices of refraction to be /J-l-92 and y- 1*94. C. S. Ross, 
E. P. Henderson and E. Posnjak described a mineral from Spruce Vine, Carolina, 
which they called clarkeite — after F. W. Clarke. Its composition approximates 
(Na 2 ,Ca,Pb)0.3U0j.3H 2 0. It is reddish-brown and massive ; without cleavage, 
and with a conchoidal fracture. It is considered to be a direct alteration 
product of uraninite, gummile and umnophane being later products. 

For vanadium uranate, vide uranyl vanadate. V. A. Kargin studied the com- 
plex salts formed by uranium trioxide with vanadium pentoxide. G. Tammann 
and W. Rosenthal observed that green vanadium uranate, V 2 (U0 4 ) 3 , begins to 
form at 290° when a mixture of mol. proportions of the constituent oxides is 
heated ; with chromium uranate, Cr 2 ((J0 4 ) 3 , the reaction begins at 230° ; with 
manganous uranate, MnU0 4 , at 450° ; and the brown ferric uranate, Fc 2 (U0 4 ) 3 , 
is formed at 600°. J. A. Arfvedson passed ammonia into a soln. containing ferric 
and uranyl salts, and heated the precipitate in hydrogcu. He called the product 
iron uranate. It appears to be a mixture of iron and uranium oxides. G. Tam- 
mann and W. Rosenthal found that cobalt uranate, CoU0 4 , is formed when an 
equimolar mixture of the constituent oxides is heated to 600°— the reaction beginB 
at 230° ; in the formation of niokel uranate, NiU0 4 , the reaction begins at 340°. 
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§ 18. The Polyuranates 

According to J A. Arfvedson, 1 ammonium diuranate, (NH^UgC^, is obtained 
as a hydrated yellow powder when uranyl nitrate or chloride is treated with an 
excess of aq. ammonia A. J. Carson and T. H. Norton prepared the salt in a 
similar way, and dried the product at 100°. They said that there is a marked 
difference between the observed and theoretical proportions of uranium with the 
uranates of ammonium, and of methyl-, dimethyl-, trimethyl-, ethyl-, diethyl-, 
triethyl-, iaobutyl-, and phenyl-ammonium— the ethyl-ammonium salt approaches 
nearest to the theoretical value. Ammonium diuranate is the ammonium uranate 
of commerce, where it, as well as the sodium salt, is known as uranium yelloiv. 
A Patera, and E. Vysoky described the preparation of the two uranium yellow r s. 
The ammonium salt is obtained commercially by boiling a soln. of sodium uranyl 
carbonate with ammonium sulphate, or by boiling sodium diuranate with a cone, 
soln. of ammonium chloride. Ammonium diuranate is a deep yellow powder 
which, according to J. A Arfvedson, can be dried at 100 ° without change, but at 
a higher temp, it is resolved into nitrogen, ammonia, water, and uranosic oxide ; 
if it is heated with ammonium chloride, F. Stolbn found that an appreciable quantity 
of uranium volatilizes with the ammonium salt. J J. Berzelius said that it is very 
sparingly soluble in water, but it is not soluble in water containing ammonium 
chloride, and J. A. Arfvedson said that it is insoluble in aq. ammonia. These 
facts are sometimes utilized in the analytical separation of uranium ; the salt 
cannot be freed from ammonia by boiling it w T ith water. E. M. Peligot observed 
that the diuranate is soluble in a soln. of ammonium carbonate, forming ammonium 
uranyl carbonate. 

H. von Unruh obtained anhydrous sodium diuranate, NagUgC^, by adding 
sodium to an ethereal soln. of uranyl nitrate, 6Na+2U02(N03) 2 .6H 2 Q 
= 4 NaN 0 a -f 3 H 2 + 3 H 2 0 +Na 2 tr 2 0 7 . I. Wertheim obtained the anhydrous salt 
by heating the hydrated salt obtained commercially by A. Patera, E. F. Anthon, 
F. Stolba, L. Kessler, K. A. Hofmann and E. Strauss, and F. J. Metzger and 
M, Heidelberger, as indicated in connection with the extraction of uranium from 
its ores. J. L. C. Zimmermann obtained it by a process similar to that which he 
employed for normal lithium uranate. It is lsomorphous with the corresponding 
potassium salt. F. Stolba, and A. Patera obtained the hexahydiatc by adding an 
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excess of sodium hydroxide to a soln. of a uranyl salt, and drying the washed pre- 
cipitate in air. A. Lancien obtained it by boding uranyl molybdate in soda-lye 
for a long time. The light yellow uranium yellow of commerce — vide supra, the 
ammonium salt — is obtained by decomposing a soln. of sodium uranyl carbonate 
with sulphuric acid ; and the orange -yellow, by decomposing a uranyl salt with an 
excess of sodium hydroxide. According to F. J. Metzger and M. Hcidelberger, 
sodium uranate, of the composition Na^Oy, may actually be precipitated, but 
on washing with water to remove the excess of alkali, it gradually undergoes partial 
hydrolysis, so that pure sodium uranate, obtained by adding sodium hydroxide to 
a soln. of uranyl nitrate, has the composition Na 4 U 6 0 17 , and A. Patera’s pre- 
cipitate the composition NapUujO^, J. A. Arfvedson prepared potassium 
diuranate, K 2 U 2 0 7 , by treating a Boln. of a uranyl salt with an excess of potash- 
lye, and calcining the washed product at a red-heat. P. Jolibois and R. Bossuct 
found that the precipitate from uranyl nitrate soln. with soda-lyc is not the 
diuranate, the precipitate contains no nitrate, and 1 '2 to ft per cent, of adsorbed 
alkali. H. T. S. Britton also showed that Ihe precipitate is probably uranium 
hydroxide. J. J. Berzelius obtained the diuranate by melting uranium trioxide 
with an excess of potassium carbonate, and extracting the cold mass with 
water; and also by calcining potassium uranyl carbonate, and J. Wertheim, by 
calcining potassium uranyl acetate, and extracting the products with water. 
J. L. C. Zimmermann, and A. Lancien obtained it by processes analogous to those 
used for the sodium salt. The colour varies from brick-red to orange-yellow 
according to the mode of preparation. J. L. C. Zimmermann described it as a 
crystalline powder with the crystals probably rhombic and isomorphous with 
those of the sodium salt. The salt becomes dark red when heated, but the original 
colour is restored on cooling. J. L. C. Zimmermann, and F. W. 0. de Coninck 
observed that the salt is insoluble in water and freely soluble in acids. According 
to A. Patera, if the precipitated Balt is dried at 100°, the trihydrate is formed ; and, 
according to F. Stolba, if dried in air, at ordinary temp , the hexahydrate. 
L. Fernandes obtained a complex with gallic acid. 

0. F. Rammelsberg obtained a brick-red precipitate by adding aq. ammonia 
to a mixed Boln. of uranyl nitrate and an excess of silver nitrate. A. Guyard, and 
G. Alibegoff obtained silver diuranate, Ag 2 U 2 0 7 , by the action of fieslily-pre- 
ripitated silver oxide on a soln. of uranyl nitrate ; G. AlibegofT, by the action of 
potassium uranate on fused silver nitrate; and 1. Wertheim, by boiling uranyl 
silver acetate with watei. The orange-red product is decomposed by hydrochloric 
acid. J. Aloy said that a basic silver uranate is produced when uranic acid is 
digested with a soln. of Bilvcr nitTate. A. Ditte prepared calcium diuranate, 
CaU 2 0 7 , by heating a mixture of uranosic oxide and calcium chlorate, and fusing 
the product with sodium or calcium chloride so as to convert the amorphous salt 
into greenish-yellow plates. A. Ditte prepared strontium diuranate, SrU 2 0 7 , 
by an analogous process. According to a communication by J./* the brownish- 
red product is sparingly soluble in water and soluble in acids, including oxalic 
acid. J A. Arfvedson added barium chloride and an excess of ammonia to a boil-' 
mg soln. of uranyl chloride, washed the product with boiling water, and obtained 
what was presumably barium diuranate, BaU 2 0 7 , which J J. Berzelius obtained 
by adding barium chloride to a soln. of ammonium diuranate ; and J. J. Berzelius, 
and 0. B. Kiihn, by adding an excess of baryta-water to a soln. of uranyl nitrate. 
1, Wertheim used uranyl acetate with an insufficient amount of baryta-water to 
precipitate all the uranium ; the idea was to avoid the formation of barium 
carbonate ; he also obtained the diuranate by heating barium uranyl acetate to 
redness. A. Ditte prepared the salt by heating uranosic oxide with barium chlorate ; 
and J. Zehenter, by heating barium uranyl acetate between 300° and a red-heat. 
The yellowish-red crystalline powder is decomposed by hydrogen at a red-heat. 
I. Wertheim obtained magnesium diuranate, MgU 2 0 7 , as a yellowish-brown powder, 
by calcining magnesium uranyl acetate ; and J. J. Berzelius, by adding ammonia 
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to a mixed soln. of uranyi nitrate and magnesium nitrate, K. A. Hofmann and 
K. Hoschele obtained magnesium diuranate, Mg 3 U 2 0 9 , by fusing anhydrous 
magnesium chloride with uranic acid. J. A. Arfvedson obtained lead diuranate* , 
PbU 2 0 7 , by adding aq. ammonia to a mixed soln. of lead and uranyi nitrates ; 
I» Wertheim, by boiling freshly-precipitated lead carbonate with a soln. of uranyi 
nitrate, and then with the acetate ; J. Person, by adding uranyi nitrate to a soln. 
of lead acetate ; and J. Zehentcr, by boiling a dil. soln. of lead uranyi acetate in 
a reflux apparatus, whereby golden-yellow crystals of the hemipentabydrate, 
Pb^Oy^jHaO, are formed — they become anhydrous on ignition. The yellowish- 
red or brownish-red salt which has been heated is sparingly soluble in acetic acid. 
J. Zehenter represented it by the formula : 


/O. 
\O.UO t ' 


UO, 


0 


A. Weisbach found a mineral near Sclmecberg, Saxony, occurring in half globular, 
aggregated forms, made up of minute, acutely terminated crystals of bismuthy! 
diuranate* (BiO^l^Oy 3H 2 0, or Bi z 0 3 2UO z 3fl 2 0, according to the analysis of 
0. Winkler. The mineral was called uranosphaerite. Its colour is orange-yellow 
to brick-red ; its sp. gr., 6-36 ; and its hardness, 2*3 A £ Fletcher said that 
small particles soften at 1170°, and large particles melt at 1320°. 

B. Drenektnann 2 prepared sodium triur&nate, Na 2 0.3U0 3 , by heating a 
mixture of uranyi sulphate and sodium chloride, and washing the residue with 
water. The hygroscopic golden-yellow powder consists of rhombic cTysvals of 
sp. gr. 6*912. It becomes silver-giey when heated to a high temp. It is insoluble 
in water, but freely soluble in dil acids. J. Zehenter obtained barium triuranato, 
BaTT 3 O J0 .4£H 2 O, by boiling a soln. of barium uranyi acetate. The yellow 
crystalline inass loses 2JH z O at 140°, and the remaining 2 mols. at low redness. 

According to N A Orloff, neodymium triur&nate* Nd 2 (U 3 O 10 ) 3 18H 2 0, is formed 
as a yellow crystalline piccipitatc on heating on a water-bath neodymium hydroxide 
with a soln of uranyi acetate , and similarly with praseodymium triur&n&to* 
^ r 2 (U 3 Ojo)a 18U 2 0 The corresponding aluminium triuran&te is not formed in 
this way. J Zehenter obtained lead triur&nate, PbU.OiQ, by calcining lead 
Iriuranyl acetate The reddish-brown microscopic prisms are insoluble in water, 
potash-lye, aq ammonia, and cold acetic acid ; but soluble in nitric acid and hot 
acetic acid. The constitution is represented : 


UO 


O.UO a .O 

2 \O.UO a .()/ 


Pb 


According to H. Gubler, 3 if uranyi acetate be dissolved in a little very dil. 
hydrochloric acid, filtered, mixed with an excess of ammonia, and the gelatinous 
precipitate dried on a porous tile, there is produced pale orange-yellow ammonium 
tetraur&n&te, (NH 4 ) 2 0.4U0 3 7H 2 0. J. Zehenter obtained potassium tetr&ur&nate, 
K 2 0.4U0 3 .5H 2 0, by evaporating an aq soln. of potassium uranyi acetate, with 
the frequent addition of water, until the soln, is no longer acid. The yellow 
crystalline powder resembles the hexauranate in its properties. It loses about 
2 mols. of water at 110°, and the rest at dull redness. A. Schocp described a reddish- 
brown mineral from Belgian Congo, and he called it fourm&riente- —after P. Four- 
maridr. It occurs in rhombic crystals with axial ratios a :b : c=0*8832 : 1 : 0*8115. 
The mineral is dichroic, and has a perfect cleavage perpendicular to the inclined 
axis. Its chemical composition approximates PbO 4U0 3 5H 2 0, lead tetr&uranate, 
but since the proportion of lead varies, he prefers to write it (Pb,U0 2 )0.H 2 0 — 
vide infia, berqucrclite and schoepite, which can also be represented by this formula. 
Its sp. gr. is 6-046 ; hardness, 3 to 4 ; and index of refraction >1-754— V. Billiet 
gave 1*94-1*92 for the rhombic crystals. No water is lost at 100°, but all the water 
and some oxygen are lost at 350°. Some specimens contain up to 0*67 per cent, 
tellurium trioxide, and a little ferric oxide is usually present. 
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According to J. Zehenter, 4 when an aq. soln, of sodium uranyl acetate is boiled, 
an orange-yellow powder of sodium pentauranate* Na 2 0.5UQg.BH 2 0, is deposited. 
The pentahydrate consists of rounded granules and six-sided plates. When heated, 
the yellow powder Incomes brownish-yellow, and then dirty grey. It loses most 
of its water of crystallization over cone, sulphuric acid, or in vacuo, or at 100°; 
the remainder is driven oft at a red-heat. It is insoluble in water, alcohol, aq. 
ammonia, and potash-lye, but freely soluble in hydrochloric, sulphuric, and nitric 
acids, and less soluble in hot acetic acid. F. Stolba reported a dodecahydrate to 
be formed by adding sodium hydroxide, not in excess, to a soln, of uranyl sulphate, 
and drj ing the precipitate in air. J. Zehenter found that barium peotauranate, 
BalT 5 0i7 HlIoO, is formed in golden yellow crystals by heating a soln. of barium 
uranyl acetate on a water-bath and replacing the water evaporated from time to 
time. The crystals lose 4 JHoO at 1 40°, and the remainder at dull redness. A. Rchoep 
reported a reddish-brown mineral occurring in acicular crystals, and also massive at 
Kasolo, Katanga, Belgian Congo ; as translucent, reddish-brown, acicular crystals 
on torbernite ; or else in compact, earthy masses consisting of minute needles. 
The mineral is called curite — after I\ (hirie-and the analysis corresponds with 
lead pentauranite, 3jfb0.5V0 3 .4H 2 0. The axial ratios of the rhombic crystals are 
a : b : r 0-9553 : 1 : 0-6535, and the (100)- and (1 10)-cleavagce are good. V. Billie! 
gave 2*12, and 2-07 for the index of refraction of the rhombic crystals. The ap. gr. 
is 7*192 at 17° ; the hardness, 4 to 5 ; the index of refraction, >1-74. V. Billiot 
gave /J— 2-07, and y— 212. A. Rchoep observed that when heated, the mineral 
becomes dark brown ; it is soluble in cold nitric acid and in hot hydrochloric acid. 
J. Zehenter obtained the salt 4P1>0 5C(> 3 1IL0, by heating a dil. soln. of lead 
uranyl acetate on a water-bath, replacing from tinle to time the water as it 
evaporates. The slow evaporation of the soln furnishes a golden-yellow, imcro- 
crystallinc powder resembling lead uranate in its general properties. It becomes 
anhydrous at dull redness. W. Vernadsky and C. Chamie considered curite to be 
an alteration product of pitchblende. 

According to J Zehenter, 6 ammonium uranyl acetate in aq soln. decomposes 
in a short time, or at once on heating or evaporation, forming ammonium hexa- 
uranate, (NH 4 ) 2 0 6l T 0 3 10H 2 0, as a yellow powder, which consists of microscopic 
granules and six-sided plates. It loses 6 mols. of water at 120 , and at a higher temp, 
ammonia and water are given off, leaving uranoaic oxide. The salt is insoluble in 
hot or cold water and in alkali-lye, but is freely soluble in hydrochloric, sulphuric, 
and acetic acids. According to R. Salvadon, when a 50 per cent. soln. of hydrazine 
hydrate is added to an aq. soln. of uranyl nitrate, hydrazine pentauranate, 
(N 2 H 5 ) 2 0 5l T 0 3 8ll 2 0, is precipitated. It loses almost all its nitrogen at 100°. 
B. Drenckmann prepared potassium hexauran&te, K 2 0.6U0 3 .6H 2 0, by heating 
over a blast gas-flame a mixture of potassium chloride and uranyl sulphate contain- 
ing an excess of sulphuric acid, and the whole being covered *by a layer of potassium 
chloride. The product was slowly cooled and boiled with water. The residue 
dried in vacuo furnished a hygroscopic yellow powder of the hexahydrate t which under 
the microscope w.m seen to consist of rhombic prisms. The salt loses all its water 
at 300 -400" and becomes brick-red ; and at a higher temp, it becomes dark silver- 
grey and loses oxygen. J. Zehenter obtained the decahydrat by boiling for some 
hours a I per cent. soln. of potassium uranyl acetate. The yellow crystalline 
powder loses 5 mols. of water at 110", and the remainder between 300° and dull 
redness. If is very sparingly soluble or insoluble in hot and cold water, alkali-lye, 
alcohol, and elher, and freely soluble in hot acetic acid and in dil. hydrochloric, 
sulphuric, and nitric acids. 

J. Zehenter 0 prepared barium hept&ur&n&te, Ba 2 U 7 0 Ji 3.1lH 2 0 l in yellow, 
microscopic, hexagonal leaflets, by boiling a soln. of barium uranyl acetate for 
4 f o 5 his. in a flask fitted with a reflux apparatus. The crystals lose 2\ mols. of 
water at 110°. and the remainder at dull redness. 

J. Zehenter prepared lead enneaurauato, Pl) 6 lT 9 O 32 .10H 2 O y by boiling a soln. 
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of lead uranyl acetate in a flask fitted with a reflux condenser. The reddish-yellow 
precipitate consists of microscopic crystals. The mineral tyuyamuyttlliie is a 
calcium uranatovanadate, 0aO.2UO 3 .V 2 O ft >iH 2 O. It is radioactive, and, according 
to I. D. Kurbatoff,? occurs in Tyuya Muyun. V. A. Kargin prepared uranyl 
vanadate, U 03 . 2 V 2 0 5l from a mixture of the hydrosols of the component oxides. 
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§ 14. Uranium Peroxides, and the Peruranates 

Attempts by B. Drcnckmann 1 to oxidise uranium to a higher oxide than the 
trioxide by passing chlorine into a soln. of potassium hydroxide with potassium 
uranate in suspension were not successful, nor did the treatment of potassium 
uranate with chlorous acid give any better result. A. (Juyard said that when 
hydrated uranium trioxide or an alkali uranate is boiled with a soln. of silver 
nitrate, a black, insoluble crystalline powder of uranium pentoxidc is formed : 
4AgN0 3 +K 2 U 2 0 7 — Ag 3 0.2U0 5 -f2AgN0 2 -|-2KN02 ; but this has not been con- 
firmed. T. Fairley failed to prepare an oxide higher than the troxide by treating 
acidic, neutral, or alkaline soln. of the uranate with hypochlorites, permanganates, 
or ozone ; but he found that the addition of hydrogen dioxide to a slightly acid 
soln. of uranyl nitrate or acetate produces a precipitate, which, after collecting, 
and washing successively with alcohol and el her, and drying in a desiccator, or 
at 100°, forms a yellowish-white, hygroscopic powder with the composition of 
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dihydrated uranium tetroxide, U0 4 .2H 2 0. A similar product •was obtained by 
G. Alibegoff, and L. Pissarjewsky. G. Alibegoff said that when the dihydrate is 
heated in oxygen, it begins to decompose at 125°, and the decomposition is rapid 
at 140° ; it first forms uranium trioxide, and above 140”, uranosic oxide. 0. Branch 
found that the salt loses no water in a current of carbon dioxide at 150°, but above 
160°, water and oxygen are given off, and orange-yellow uranium trioxide is 
formed — no ozone could be detected. T. Fairley found that the compound glows 
below a red-heat, leaving a green uranosic oxide. A. Mazzucchelli found that the 
precipitation is hindered by the presence of chlorides, sulphates, acetates, oxalates, 
and tartrates owing to the tendency of the tetroxidc to form soluble complex salts. 
No precipitation occurs in the presence of alkalies or alkaline earths owing to the 
formation of soluble peraranates. L. Pissarjewsky gave for the heat of forma- 
tion (U0 8 ,0)-=— 6-151 Cals. ; and U0 8 .H 2 CM 0H-H 2 0^U0 4 .2H 2 0--6131 Cals. 
According to A. Mazzucchelli and (\ Barbcro, the electrolytic potentials nf a soln. 
of a mol of uranium trioxidc in 20 litics of AMI 2 S0 4 in the presence of the necessary 
amount of hydrogen dioxide to form the tetroxide, against AT-H 2 S0 4 after 1, 3, 
and 15 hrs., are with large or small platinum electrodes respectively — 0-788, 
*-0*793, and —0*802 volt; with gold electrodes respectively —0*902, —0-893, 
and —0-893 volt. The dihydrate is slightly soluble in water. A. Mazzucchelli 
said that the compound precipitated by hydrogen dioxide from uranyl acetate 
has a solubility of 0-0061 grin. per litre at 20°, and 0*0084 grm. per litre at 90°. 
The dihydrate is soluble in a soln. of ammonium chloride. The dihydrate is 
soluble in cold, and more so in warm, cone, hydrochloric acid, with the evolution 
of chlorine- a mixture with cone, hydrochloric acid dissolves gold ; alkali-lye 
decomposes the dihydrate, with the separation uf an alkali uranute and the forma- 
tion of a soln. of a peruranatc : 3li0 4 -(-2K 2 0-^2U0 a f K 4 U0 8 In acidic liquids 
the dihydrate is decomposed by hypochlorites and permanganates, with the evolu- 
tion of oxygen ; it does not decompose hydrogen dioxide. 

T. Fairley said that if the precipitate is dried in air, it furnishes the tetra- 
hydrate, U0 4 .4H 2 0, which loses half its water at J00° ; but G. Alibegoff could not 
prepare a tetrahydrate of definite composition. T. Fairley also reported the forma- 
tion of the anhydrous tetroxide, U0 4 , as a crystalline precipitate, almost white, by 
adding a soln. of uranyl nitrate to a mixture of hydrogen dioxide and a large excess 
of sulphuric acid, and allowing the soln. to stand for a week or more. G. Alibegoff 
could not prepare the anhydrous tetroxide in this way, or by dehydrating the 
dihydrate. 

T. Fairley suggested (U0 8 ) 2 U0 fl for the composition of the tetroxide, and he 
based his opinion on the decomposition of the hydrate by alkalies- vide infra. 
The peraranates were regarded as compounds with the composition (R 2 0) 2 UO fl , 
or If 2 0 .U 03 .U 0 8 . L. Pissarjewsky found the ratio of uranium to active oxygen 
in the tetroxide is 1 : 1, so that the formula can be written : 
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according to G. Alibegoff. L. Pissarjewsky represented the anhydrous oxide : 
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G. F. Hiittig and E. von Schroder prepared the hemienneahydrate, U0 4 .4JH 2 0, 
by dissolving 20 grins of uranyl nitrate in water, and filtering the soln, to remove 
traces of basic nitrate. The filtrate was mixed with a little 3 per cent, hydrogen 
dioxide until a precipitate began to form, and continuing the precipitation by 
adding a more cone. soln. of hydrogen dioxide. The sulphur-yellow precipitate 
was filtered by suction and washed until the nitrate was removed. The product 
was allowed to stand for 10 hrs. at room temp., and another 10 hrs. at 35° until 
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it was dried. The yield was about 15 gnus. The dehydration curve of a mixture 
of this hydrate with water is shown in Fig. 1 1 . The hemienneahy drate first appears. 
It can be regarded as U0 4 .5H 2 0, or 2UO3.2H2Oa.7H2O, or, by analogy with the 
persulphuric acids, 2H a U0 6 .7H 2 0, or permonouranio acid. The loss of water on 
a rising temp, is attended by the loss of oxygen, find at about 54° the trihydrate, 
UO3.5.3H2O, aj ears. It can be regarded as 2U0 3 H^Oa 5H 2 0, or, by analogy 
with the persulphuric acids, as H 2 U 2 0q,5H 2 0, or per- 
dinranio add. As the temp rises to 163°, more oxygen 
and water are given off, and the hemihydrated trioxido 
appears— wide Fig, 11. These observations give no 
support to the hypothesis that a definite tetroxidc 
exists. On the other hand, A Rosenheim and 
H. Daelir prepared the amorphous salt by adding, 
drop by drop, a 30 per cent. soln. of hydrogen dioxide 
to a 10 per cent , boiling soln of uranyl nitrate The 
amorphous precipitate, washed with boiling water and 
dried in air, corresponded with the trihydrate, but 
when dried to constant weight at 100°, it furnished the dthydtaie, U0 4 2H 2 0. 
By using a 2 per cent, soln of uranyl oxalate and ammonium uranyl oxalate and 
a 30 per cent, soln of hydrogen dioxide, yellowish-white crystals of the tnhy drate 
were formed, and when these were dried at 100°, the dihydvate w-as produced. 

T. G. MclikofF and L. Pissarjewsky showed that the alkali peiuranates can be 
resolved by aluminium hydroxide into alkali peroxides and uranium tetroxidc — 
ndc infra. This reaction favours the assumption that the alkali peruranates are 
constituted (R 2 0o) 2 l T 0 4 , or (It 2 0j)U0 4 ; and this is also in agreement with the 
fact that while carbon dioxide lias no action on uranic acid, it converts insoluble 


Fro 1 1.— Dehydration Curve 
of Hvdrutpfl Uranium 
Tetroxidc. 


peruionates into the metal hydrocarbonato, hydrogen dioxide, and free peruranic 
acid Alkali-lye partially reduces the peroxide to the trioxide and an alkali 
peroxide is formed This again is in agreement with the assumption that the 
alkali peruranates are not salts of a peruTanic acid, but rather additive compounds 
of the tetroxide with the metal peroxides. L. Pissarjewsky measured the electrical 
conductivity of soln. of peruranic acid, aud also measured the catalysis of soln. of 
hydrogen dioxide by this acid. From this he inferred that the sodium salt Na 4 U0 8l 
or (Na 2 () 2 ) 2 U0 4 , is the salt of a weak peruranic acid with tlic constitution 
U0(H0 2 )3.OH, or H|(0 2 )sU0 2 . K. Sieverts and E. L. Muller discussed the forma- 
tion of peruranic acid by the action of hydiogen dioxide on soln. of uranyl nitrate, 
and uranic acid. 

T. Fairley, and P. G. MelikofT and L Pissarjewsky prepared ammonium per- 
diuranate, {(NH 4 )20 2 }(U0 4 ) 2 8H 2 0, by adding hydrogen dioxide and an excess of 
ammonia to a soln. of uranyl nitiate, and piccipitating the salt with alcohol. The 
orange-yellow crystalline product can be dried 111 vacuo ; it is less decomposable 
than the sodium or potassium salts. The dry salt glows like tinder when heated, 
forming a mixture of uranium trioxide with n lower oxide. The salt is freely 
soluble in water, and the aq. soln. gives precipitates with most metallic salt sobi. 
Nearly all the salts of this type give off ozonized oxygen when treated with cone, 
sulphuric acid. Alkali-lye forms a precipitate of alkali uranate and a soln. of 
alkali peruranate. A. Mazzucrhelli and C. Barbero found that the potentials of 
soln. of a mol of the salt in 20 litres after 1, 3, and 15 hrs. with a large platinum 
electrode against O-lA'-KOl are respectively —0-557, — 0'530, and —0-501 volt; 
with a small platinum electrode, respectively, —0-540, —0-534, and —0-501 volt ; 
and w-ith a gold electrode, respectively, — 0-529, — 0-509, and —0-427 volt. 

F. W. O. de Coninck fused a mixture of uranyl chloride and alkali in a current 
of air, and obtained red sodium permonouranate, Na 2 U0 6 ; and J. Aloy obtained 
the pentahydrate , Na 2 UOB.5H 2 O l by adding hydrogen dioxide to a soln. of uranyl 
nitrate, adding some alcohol to the mixture, and stirring up with sodium hydroxide 
free from carbonate. The precipitate gradually dissolves and a red crystalline 
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mass is deposited. It is washed with methyl alcohol. The compound slowly loses 
oxygen at ordinary temp., and rapidly at 100°. It is decomposed by water, forming 
an insoluble uranate ; with hydrochloric acid it forms chlorine ; and with nitric acid 
no gas is given off, and uranium oxide is formed. P. G. Melikoff and L. Pissarjewsky 
obtained lithium perdiuranate, Li z 0 2 (U0 4 )2.8H 2 0, in pale yellow, short, isotropic 
prisms, by the action of lithium hydroxide and hydrogen dioxide on a soln. of 
uranyl nitrate, followed by precipitation with alcohol. The crystals are cubic or 
tetragonal. It behaves towards acids and hydrated alumina like the sodium salt. 
The salt is unstable, and readily forms a red acid uranate. The salt, lithium 
peruranate, (Li 2 0 2 ) 2 U0 4 , was also obtained in red crystals which give off oxygen in 
the desiccator. According to T. Fairley, and P. G. Melikoff and L. Pissarjewsky, 
sodium peruranate, (Nh 2 0 2 ) 2 I t 0 4 8H z O ~L. Pissarjewsky gave 9H 2 0— is obtained 
by adding hydrogen dioxide to a soln. of uranic or peruranic acid in soda-lye, and 
precipitating by the addition of alcohol. 0. Kassner obtained it by the action of 
sodium dioxide on a soln. of urnnvl nitrate, and the addition of alcohol, which 
precipitates the salt in yellow' crystals. According to T. Fairley, the salt slowly 
separates from the soln. without the addition of alcohol ; and if only a small propor- 
tion of alkali is present, the addition of alcohol first precipitates a deep red 
oil, which gradually crystallizes, and which T. Fairley represented by the 
formula Na 2 0.l T 0 3 .t T C) 6 6H 2 0, ?.e. sodium perdiuranate, Na 2 0 2 (U0 4 ) 2 .fiH 2 () The 
perdiuranate is considered to be derived from a pyrouramc acid, thus : 
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The salt was also prepared by 0 Kassner. According to T. Fairley, the golden- 
yellow needles and plates of (Na 2 0 2 ) 2 U0 4 .8II 2 0 arc slowly decomposed on exj>osure 
to air— absorbing carbon dioxide and giving oft oxygen. The crystals are isotropic, 
belonging to the cubic system. According to T Fairley, a mol of the salt loses 
three gram-atoms of oxygen and three-fourths of its water when heated. It is 
soluble in w r ater and sparingly soluble in alcohol When treated with normal 
sulphuric acid, L. Pissarjewsky symbolized the reaction : (Na 2 0 2 ) 2 U0 4 f-3H 2 S0 4 
2Na 2 S0 4 -hL T 0 2 S0 4 +3H 2 0+30 \ 3fi*5 Cak ])il. sulphuric acid, hydrochloric 
acid, acetic acid, and succinic acid split off hydrogen dioxide. T. Fairley said that 
iu the presence of hydrochloric acid gold is dissolved, indicating that chlorine has 
been liberated ; an acidified soln of potassium permanganate, sodium hypochlorite, 
or other unstable oxidizing agent liberates 3 gram-atoms of oxygen. The aq. soln. 
is completely decomposed by boiling , and when boiled with acj. ammonia, tabular 
crystals separate out. P. G. Melikoff and L. Pissarjewsky found that when a soln. 
of the sodium salt is repeatedly shaken up with hydrated alumina, until the filtrate 
contains no more hydrogen dioxide, the filtrate contains two-thirds of the quantity 
of hydrogen dioxide which would have been formed by the action of Hulphuric acid, 
and peruranic acid is simultaneously formed as a precipitate containing one-third 
the proportion of hydrogen dioxide just indicated. The filtrate contains sodium 
alununate. Hence, hydrated alumina has broken the peruranate down into sodium 
dioxide and uranium tetroxide. This agrees with the formula indicated above : 

(Na0.()) B \ D /0 
(Nat)),/' \0 

although they prefer the less likely formula (Na().0)(Na0)U0<0 2 .Nu 2 0 2 . From 
conductivity measurements, L. Pissarjcw’sky inferred that the salt is strongly 
hydrolyzed in soln. to form hydrogen dioxide and sodium hydroxide. The soln. of 
one-fourth of a mol of Na 4 U0 8 in v litres lias the conductivity : 

v 8 JO 32 64 128 260 512 1024 

A . 76-26 91-95 111 10 132-92 148 05 151-12 150-21 149-49 
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As in the case of the sodium salt, F. W. 0. de Coninck 'prepared potassium per- 
mODMranate, K 2 U0 6 ; and J. Aloy, by a process analogous to that used lor 
Na 2 U0 5 .5H 2 0, obtained the tri/njdrate, K^UOs.SHjjO, with properties similar to 
those of the sodium salt. T. Fairley prepared potassium peruranate, 
(K 2 0 2 ) 2 U0 4 .10H 2 0, by adding hydrogen dioxide to a soln. of uranic ot peruranic 
acid in potash-lye, and precipitating the salt by alcohol. The orange-yellow salt is 
less stable than the corresponding sodium or ammonium salt. Its properties are 
similar to those of the sodium salt. P. G. Melikoff and L. Pissarjewsky found that 
when a soln. of the sodium salt is treated with a soln. of copper sulphate, oopper 
peruranate, (Cu0 2 ) 2 U0 4 .wH 2 0, is precipitated as a dark green gelatinous mass ; 
calcium chloride similarly furnishes calcium perur&n&te, (Ch 0 2 ) 2 .U0 4 .10H 2 0, in 
rhombic crystals ; and with barium chloride, barium peruranate, (Ba() 2 ) 2 UO 4 .8Fr 2 0, 
is formed as an orange-coloured crystalline powder. If a suspension of the barium 
salt iti water be treated "with carbon dioxide, hydrogen dioxide and barium hydro- 
carbonate are formed and free peruranic acid, which with carbon dioxide is slightly 
decomposed into hydrogen dioxide, etc. The decom)K)Sition is attended by a sharp 
colour change from oTange to yellow. Sulphuric acid also forms hydrogen dioxide, 
if barium chloride be added to a soln. of the ammonium salt, barium perdiuraiiate, 
Ba0 2 (U0 4 ) 2 .9H 2 0, is formed in yellow isotropic crystals ; carbon dioxide furnishes 
two thirds the proportion of hydrogen dioxide obtained by the action of sulphuric 
acid. F. W. 0. de Coninck reported barium permonouranate, BaU() 4 , to be formed 
as in the analogous case of the potassium salt; and similarly with calcium per- 
monouranate, CaU() 4 . P. G Melikoff and L Pissarjewsky obtained lead uranato- 
peruranate, PbU0 4 (PbO) 2 UOj t from soln. of sodium peruranate and lead acetate. 
The reaction here is different from those prev lously considered ; and this constitu- 
tion is inferred from the action of dil. acetic acid, winch forms lead acetate and 
peruranic acid blit no hydrogen dioxide The dark orange-yellow product consists 
of isotropic crystals — cubic or tetragonal With sulphuric add, hydrogen dioxide 
is formed , with the dioxides of lead, manganese, cobalt, and nickel, there is a 
turbulent evolution of oxygen ; and wilh barium and cadmium dioxides, oxygen 
is given off after long standing. As in the case of the cojipcr salt, when a soln. of 
mekel sulphate is added to one of the sodium salt, a greenish-yellow gelatinous 
precipitate of nickel peruranate, (NjO) 2 IJ<) 4 , is formed. 
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§ 15. Uranium Fluorides and Oxyfluorides 

F. Giolitti and G. Agamennonc 1 are reported to have said that on adding an 
excess of hydrofluoric acid to the liquid obtained by the electrolysis of an aq. soln. 
of uranyl chloride acidified wnth hydrochloric acid, a green precipitate of uranium 
difluoride, UF 2 .2H 2 0, is formed. A. Sieverts pointed out that this conclusion is 
really based on a misprint in the analysis ; the actual product was U0 2 F 2 .2H 2 0— - 
vide infra . 
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H, Moise&n observed that when uranium is acted on by fluorine, the chief product 
\ a tt +anbm tetrafluoride, or uranous fluoride, UF 1 . H. C. Bolton obtained it by the 
action of hydrofluoric acid on hydrated uranium dioxide \ and H. Hermann, by the 
Action of that acid on uranium dioxide . II. 0. Bolton also said that it can be 
prepared by tie action of diJ. hydrofluoric acid on green uranosio oxide, when 
a green precipitate of tie tetrafluoride and a yellow soln. of uranyl fluoride are 
produced; this corresponds with the equation; U30 b+ 8HF==UF 4 +2U0 2 F 2 +4H20. 
A. Pitte, on the contrary, said that the tetrafluoride, or rather a hexafluoride, 
remains in soln. and the green powder is uranyl fluoride ; he represented the 
reaction: ITgOg-j-lBHlN "2(UFfl.2HF)^“U02F 2 - |“6H20-|-H 2 . A. Smithells noted 
that considerable heat ib evolved during the reaction, and found that A. Ditte’s 
statement is doubly wrong, for (i) the yellow soln, contains uranyl fluoride, as 
indicated by H. C. Bolton, and (11) no hydrogen is liberated during the reaction. 
Some uranium oxydifluoride is also formed — vide infra . H. V, Bolton also found 
that the tetrafluoride is produced when a soln. of uranyl fluoride is reduced with 
stannous chloride. According to 0. Ruff and A. Heinzelmann, fluorine reacts with 
uranium pentachloride at — 40° in accord with the equation : 2UCl 5 -f 5F 2 
— UF 4 -+ UF fl +5Cl 2 . The two fluorides can be separated by fractional distillation. 
When uranium carbide is treated with fluorine, only the tetrafluoride is formed 
H. C. Bolton said that the monohydrate, UF 4 H 2 0, is obtained as a green powder 
when hydrofluoric acid is added to an aq. soln. of uranium tetrachloride and the 
green voluminous precipitate is dried in vacuo or at 100 \ H. C Bolton described 
the tetrafluoride as a green amorphous powder. 0. Ruff and A Heinzelmann said 
that when heated out of contact with air, it melts at about 1000\ According to 
H. C. Bolton, the tetrafluoride is attacked by dry hydrogen at a red-heat, giving off 
hydrogen fluoride and leaving a reddish-brown TeBidue which is insoluble in w ater 
and is scarcely attacked by acids. It has been suggested that this residue is a 
suhfiuoride, but this is a mere guess. The tetrafluoride is unstable , it oxidizes in 
air at ordinary temp., and when warmed m air it is converted into uianyl fluoride ; 
at a higher temp, it passes into uranosio oxide without melting. II. Hermann 
found that the tetrafluoride is insoluble in water ; it is very slightly soluble m dil. 
acids. When heated with sulphuric acid, the hydrogen fluoride is expelled ; and it 
iB easily and vigorously attacked by hot, cone, nitric acid. N. A. Orloff found that 
a soln. of uranium tetrafluoride in oxalic acid furnishes a dark green liquid with 
a violet fluorescence, and it deposits a complex ammonium uranous oxalaiojluonde , 
UF 4 .2(NH4)2C20 4 .4H 2 0. The low solubility of the tetrafluoride suggested to 
F, Giolitti a method of determining uranium by converting its salts into the quadri- 
valent stage, and then precipitating with hydrofluoric acid. H. C. Bolton added 
that boiling alkali-lye converts the tetrafluoride into uranous hydroxide. 

H. C. Bolton found that while a soln. of formic or oxalic acid produces no 
precipitate in a soln. of potassium uranyl fluoride, if the acidified soln. be placed in 
direct sunlight, a green precipitate gradually falls, and if the action be prolonged, 
the soln. becomes colouilesB and retains only a trace of uranium. When the 
precipitate is washed, and dried at 100 3 , it forms a green, impalpable powder of 
potassium uranous pent&fluoride, KUF 5 , or UF 4 KF. If heated in air, the salt 
fuses, gives off hydrogen fluoride, and leaves & residue of potassium uranate ; but 
if heated in a closed tube, the salt fuses, gives off hydrogen fluoride, and leaves a 
black residue of uranium dioxide suspended in fused potassium fluoride. It is 
decomposed when heated in hydrogen. The salt is quite insoluble in water and 
dil. acids ; it dissolves with difficulty in boiling, cone, hydrochloric acid ; but it is 
more easily decomposed by cone, sulphuric acid, which drives out hydrogen fluoride, 
forming a green soln. of uranyl sulphate. When heated with a soln. of alkali-lye, 
it forms & black precipitate of uranium dioxide and alkali fluoride passes into soln. 
A. Smithells observed that when potassium hydrofluoride and green uranosic oxide 
are fused together, the hydrofluoric acid of the acid salt is liberated, and acts on the 
oxide producing uranous fluoride, UF 4 , and 0-uranium oxyfluoride, U0 2 F 2 . In 
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the early staged of the fusion, the former unites with potassium fluoride to form the 
double salt UF 4 ,KF, whilst one molecule of U0 2 F 2 and three of KF form the uranyl 
fluoride. By further heating, the uranous fluonde is converted into the uranyl 
fluoride, whilst the result of prolonged fusion of the latter is the insoluble crystalline 
compound, which is also obtained by using the normal instead of the acid potassium 
salt, and which contains no fluorine — vide infra , A, Ditto’s sodium and po tassi um 
uranyl hexafluorides. H. C. Bolton prepared sodium uranoufl p entsfluo ride in a 
manner similar to that employed for the corresponding potassium salt. It resembles 
the potassium salt, but is rather more soluble, since the soln. is green, not colourless 
after a long exposure. The salt was not analyzed. 

F. Giolitti and G. Agamennonc found that il an aq. soln. of uranyl formate is ex- 
posed to Bunlight for a couple of dayB, the soln becomes green, and when it is treated 
with hydrofluoric acid, a bluish-green powder of uranium oxydiflnoride, U0F 2 .2H 2 0, 
is formed. The same salt was produced by the electrolytic reduction of a soln. oi 
uranium trioxide in an excess of hydrofluoric acid. The action of hydrofluoric acid 
on uranosic oxide proceeds in accord with U 3 0 8 -| 6HF-= U()F 2 +2 U0 2 F 2 f3H 2 0 — 
vide supra . The uranous oxyfluoride separates as a fine green powder, whilst the 
uranyl fluoride remaining in soln. separates as a yellow mass on evaporation. A 
heavy green powder, presumably uranium tetrafluoride, is also deposited Green 
ammonium uranium oxytriflnoride, NH 4 F.UOF 2 , was obtained by electrolyzing 
a soln. of ammonium uranyl carbonate in an excess of hydrofluoric acid. When 
the green product is heated, ammonium fluoride is given off. 

0. Ruff and A. Hcinzelmann prepared ur anium hexafluoride, UF fl , in three ways. 
As indicated above, fluorine reacts wil h uranium pentachloiide at - 40°, funning the 
tetra and liexa fluorides. The hexafluoride is distilled off, and chlorine and silicon 
tetrafluoride which may Ik* present are removed by the passage of a rapid current 
of air. The hexafluoride is also produced by the action of dry hydrogen fluoride on 
uranium pentachloridc, whereby a complex UFr,.nIIF is formed, which breaks up on 
distillation into uranium tetra- and hexafluorides It is difficult to separate the 
hydrogen fluoride from uranium hexafluoride, so that this process is not so useful. 
Uranium carbide with fluorine alone furnishes uranium tetrafluoride, but in the 
presence of chlorine, at —70°, the hexafluoride is produced Uranium hexafluoride 
forms glistening, colourless or pale yellow, hygroscopic, monoebme crystals of specific 
gravity 4-68 at 20*7°, and molecular volume 75- 1 The vapour density at 4i8 D is 
11*7 when the calculated value for the mol. wt. UF fl =^352-8 is 12-16, so that the vapour 
consists of single molecules. N. V. Sidgwick discussed the electronic structure. 
0. Ruff and A. Heinzelmann found that the melting point of the hexafluoride is 69-2°, 
at which temp, the vap. press, is about 2 atm. The compound sublimes without 
melting, at room temp, and under a diminished press. The vapour pressure at 0° 
is 48 mm. ; at 20°, 129 mm. ; at 37°, 298-2 mm ; at 41°, 406-1 mm. ; at 45°, 
410*1 mm. ; at 48°, 521*2 ram. ; and at 56-2 J , 761-6 mm. It Lorenz and W. Herz 
made observations on this subject. 0. Ruff and A. Heinzelmann found that the 
boiling point is 56-2° ; and the calculated moan latent heat of vaporization between 
42° and 57° is 29*4 cals, per gram of the hexafluoride, or 10,360 cals, per mol. The 
salt is very hygroscopic, and it fumes in air. It is reduced to the tetrafluoride by 
hydrogen at ordinary temp. Dry air, and oxygen have no action. The hexafluoride 
reacts vigorously with water, forming a yellowish-green soln., which with ammonia 
forms ammonium fluoride and uranalc. (Jramum hexafluoride does not react 
chemically with chlorine or bromine, but liquid chlorine and liquid bromine dissolve 
some of the hexafluoride; iodine has no action. The hexafluoride reacts with 
sulphur, forming uranium disulphide and tetrafluoride and a gaseous sulphur 
fluoride. The hexafluoride is easily soluble in dil. sulphuric acid ; and it is almost 
insoluble in dry carbon disulphide, but there is a slow reaction, attended by the 
formation of the tetrafluoride ; the reaction with moist carbon disulphide is 
vigorous, and a gas, smelling like sulphur monochloride, is given off. The hexa- 
fluoride does not react with nitrogen ; gaseous ammonia colours green the Boln. in 
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tetrachloroethane— a substance containing ammonia, fluorine, and quadrivalent 
uranium is formed ; the soln. in tetrachloroethanc is coloured bluish-green by nittlC 
Oxide; it is decomposed by nitric acid; it is reduced by phosphorus in the cold, and by 
arsenic when warmed, forming uranium tetrafluorido and phosphorus pentafluorido 
or arsenic trifluoride respectively. A soln. of the salt in tetrachloroethanc gives a 
rose-coloured precipitate with arsenic trichloride, soluble in excess^ Amorphous 
carbon also reduces the hexafluoride to the tetrafluoride ; carbon dioxide has no 
action, and so also with oarbon monoxide. The hexafluoride reacts slowly with 
chloroform, with nitrobenzene, ami vigorously wit h alcohol, and with ether, forming 
hydrogen and uranyl fluorides ; and with benzene, toluene, or xylene it reacts with 
a hissing noise, forming hydrogen fluoride, with the separation of carbon- the 
resulting reduced uranium salt which is formed gives off hydrogen when treated 
with acids. Symmetrical tetrachloroethane is the best solvent. The hexafluoride 
is insoluble in paraffin oil, but reacts slowly, with the separation of carbon ; it is 
slowly reduced to the tetrafluoride when warmed with silicon, and silicon tetra- 
fluoride is formed ; it attacks glass if traces of moisture are present, forming silicon 
tetrafluoride. The hexafluoride at ordinary temp, forms a white crust on sodium, 
and if warmed, the reaction is attended by incandescence , copper, and silver are 
feebly attacked if warmed ; gold is not attacked, cold or warm ; zinc, mercury, 
aluminium, tin, lead, and iron lose their lustre at ordinary temp , and are strongly 
attacked if warm ; and platinum is not attacked, cold or warm. 

As indicated above, there are discrepancies in tiie conclusions of difleienl woikerh on 
the action of hydrofluoric acid on uranosic oxirlc. A. Ditto said that with an excess of the 
cone, acid, the action is slow at ordinary temp., and rapid at .10 The yellow snln, is mud 
to deposit 3 'ellow crystals of uranium dlhydroctofluorlde, VF„.2HJ<\ which melt when 
heated in a closed platinum crucible, slowly giving off hydrogen fluoride ; if air has access, 
uranium dioxide and undeeomposed uranium hexafluoride) arc formed. Hydrogen dioxide 
has no action, A. Smitholls did not confirm A. Ditte* observation. O. Hull and 
A. Heinzelmann said that a complex UF, 11 HF is formed by the uution of dry h^diogcu 
fluoride on uranium pent aehlon tic. 

J. J. Berzelius found that when the yellow soln. of uranium trioxide in hydro- 
fluoric acid is evaporated, it furnishes a white, amorphous, pulverulent crust, which 
creeps up the sides of the containing vessel. The dried product dissolves readdy 
in water, and in alcohol. IL V. Bolton showed that the product is hydrated uranyl 
fluoride, UOgF-jJiHoO, which when reduced with tin and hydrochloric acid furnishes 
uranium tetrafluoride. As indicated above, uranyl fluoride is one product of the 
actiou of hydrofluoric acid on uranosic oxide, and as shown bv A. Bmithells, and 

F. Giolitti and G. Agamennone, it is obtained by evaporating the filtered soln. 
A. Ditte also prepared it by the action of hot, cone, hydrofluoric acid on uranium 
dioxide. A. von Unruh also obtained it by repeatedly evaporating on a water-bath 
a soln. of uranyl acetate with hydrofluoric acid. W. S. Andrews obtained a 
fluorescent uranyl fluoride by mixing soln. of 50 grins, uranyl nitrate in 200 c.c. of 
water, and 75 grms. ammonium fluoride in 110 c.c. of water. The precipitate can 
be washed with cold water, but it is soluble in water. It is brightly fluorescent 
under the ultra-violet rays from an iron spark, and it is weakly responsive to 
excitation by X-rays. F. Giolitti and G. Agamennone could not obi Ain uranyl 
fluoride by calcining uranous oxyfluoridc, U0F a .2H 2 0. A. Smith el Is obtained 
a white crystalline sublimate by rapidly heating uranium tetrafluoride in a closed 
platinum crucible and cooling after five minutes. He called the product a-uranyl 
fluoride to distinguish it from the yellow hygroscopic crystalline platfes which he 
called fi - uranyl fluoride obtained by evaporating the filtered soln. of uranosic oxide 
in hydrofluoric acid in vacuo over sulphuric acid and calcium oxide. The analyses 
of A. Ditte, and A. Smithells agree with the formula U0 2 F» ; and F. Giolitti and 

G. Agamennone represented the product obtained on evaporating the hydrofluoric 
acid soln. as a dihydtaJe , U0 2 F 2 .2H 2 0 — vide twpra, dihydrated uranium difluoride. 
Both forms produce a yellow soln. with water ; give the complex salt 3KF.U0 2 F 2 
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when treated with potassium fluoride , and form uranosic oxide when calcined in air. 
A von thmih said that uranyl fluoride is insoluble m ether, and amyl alcohol He 
also found that liquid ammonia acts on uranyl fluoride, forming a deep orange-red 
powder of uranyl tetramminodiflaoride, U0 2 .F, 4NH 8 , which is more stable than 
the corresponding chloride or bromide Gaseous ammonia arts on uranyl fluoride 
to form uranyl tria mmin odifluoride, II0 2 F 2 3NH 9 , as an orange yellow powder. 
When either of these ammines is warmed, it forms yellow uranyl (Uanuiuno* 
di fluoride, U0 2 F 2 2NH 8 F Olsson studied complex fluorides with organic bases. 

A Ditte said that if uranyl fluorulo in heated to bright redness in a dosed platinum 
crucible the white sublimate is uranium oxytetrafluorida, UOF 4 It forms a snow white 
mass of aciculai crystal* It melts at a red heat and volatile When heated in air it 
forms uranium dioxide , and it gives a mellow soln with water A Smithells iound that 
\ Ditto s uranium nxytetrafluonde does not exist , it is identical with white or a uranyl 
fluoride A l)itt« leported that when uranosic oxide is fused with alkali fluorides a senes 
of insoluble alkali uran\) hexafluorides, 4R* U0 4 F 2 , is formed, but, as indicated below, 
A Siinthclls observed that the products are ordinal y alkali diuranatcs A Ditto also said 
that if urnnottit oxide be fused with potassium h\ drofluoride, instead of potassium fluoiide, 
the pineluc t is different He said that if as soon as the mass is just fused it be allowed to 
cool it apjKAis of a bright green colour, and on treatment with watc 1 giveb a yellow soln 
and an insoluble green powder resembling urnnous fluoride If, howevei, the fusion of 
tin mass l)r continued the green colour is gradualh changed to a pale yellow, and at this 
stage lrratinc.nl with water effects almost complete soln On still further heating, the 
c oloui hec nines tingfxl with orange , until finally, after pi olonged fusion the i rutiblc contains 
the c r\stallmo c oinpound 4KF lU) M h ^ The yellow soln obtained by lixiviating the fused 
masses, freed from insoluble substances by filtration, were left at rest after being slightly 
com nr were evaporated on a water hath In both tuseH small but veiy well defined 
tiaiiNpurrnt crystals were obtained I he so < nwlalw wt rc said by A DitU fo lie potassium 
uranium oxyoetofluorfde, 4KF UO> 4 ?ill 2 t> when n is either 1} or .1, according to the 
ternp at which they ari deposited A Smithells showed that the crystals aro potassium 
in ami jw lit ulluonde chsiribwl Ik low V Ditte added that bv adding 

potash hi to the yellow soln obtained b\ tn atmg uiannsic oxide with hydrofluoric and 
the name prod in ts are obtained and that b\ dissolving them in watei containing potassium 
livdrofluoi id* , and rei rystalii/mg them at *50 to 00 , a monnli\ (Irate 1 KF UUF 4 H a O is 
pmduccd These statements do not agn c with the ohse r\ nt ions of f J Ber/eluis, and 
H t Holton nod \ bimthi Us showed that h) the >tllow soln obtained by acting on 
iiiauosn oxide with hveliofluonc uc id is mam I fluoride (n) that whin un excess of hydro- 
fluoiir at ill is present and pot hum uni h>ilio\ide is acleled potassium uranyl ]>cntafluoiide, 
in lie ati el below, is tonne ei and (in) whin this salt is dishohed m wntci rontaming not 
inon tluin 11 pci cent of potassium hvdiofhionrle, tnc lime jKitaBHiuiii duuanjl ennea 
fluoiide is formed Similar romaiks piobablv applv to A Ditte s rubidium uranium 
oxyoetofluorfde, 41lbFUOF 4 0if,O, pre|»ari(l hkt the potassium salt 


I tJ Berzelius showed that uranyl fluoride forms yellow soluble, crystalline 
compounds with the alkali fluorides 11 V Bolton prepared ammonium uranyl 
pentafluonde, (NH 4 )jll0 2 F 5 , by evaporating a soln of ammonium uranute in hydro- 
fluoric acid o\cr tone sulphuric acid II Burger used ammonium diuranate. 
H Baker prepared the salt by adding ammonium fluoride to a soln of uranyl 
nitrute, when the salt is precipitated in tetragonal crystals, probably isomorphous 
with the corresponding potassium salt, and of sp gr 3 18b at 20° H C Bolton 
bald that the salt is freely soluble in water, and according to H Burger, 100 grins 
of a, sat soln at 27° has 10 11 grms of the salt , and 20 70 gnus at 81 3° A Miolati 
and I T Alvisi found that the electrical conductivity, A, of soln of one third of a 
mol, (NH 4 )«jU0 2 F 5 , 111 1 hires of water, is as follows 

i 32 04 128 25b 512 1024 oo 

A 90 09 104 00 109 0 115 6 119 3 126 1 133 1 


The difference in the electrolytic conductivities Aio 24 ~“^ 32 — 29 1 , and//, —133*1 
indicates that stable complexes are foimed (NH 4 )<)U0 2 F5^3NH (lJO g F 6 ) " 
H C 1 Bolton said that the salt is less soluble in hj drofluonc acid tban in water, and 
insoluble in alcohol When heated out of contact with air, ammonium fluoride 
ls volatilized , and when exposed to nir green uranosic oxide is formed 

According to H C Bolton, potassium fluoride causes in a soln of uranium nitrate 
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a heavy crystalline lemon-yellow precipitate, which, by washing with cold water 
and reoryst&Uization from hot water, can be obtained pare. It is well in the 
preparation of this salt to add an excess of potassium fluoride, qb the salt is soluble 
in uranium nitrate. H. Baker added that by crystallizing the salt thus prepared 
from pure water or from a soln. of acid potassium fluoride (containing not more than 
13 per cent.), tabular triclinic crystals are always formed. But by crystallization 
from a nearly sat. soln. of potassium hydrofluoride, a salt separates in minute 
tetragonal crystals. Furthermore, by adding potassium fluoride to a soln. of 
uranium nitrate in quantity insuflicient to produce a permanent precipitate, or by 
recrystallizing either of the preceding salts from water containing a little uranium 
nitrate, monoclinic crystals are obtained : so that three distinct potassium uranyl 
oxyfluorides exist. H. C. Bolton, and II. Baker obtained the tetragonal potassium 
uranyl pentaflnoride, 3K0.U0 2 F 2 , as indicated above ; also by adding potassium 
fluoride to a soln. of freshly-precipitated potassium diuranate in hydrofluoric acid ; 
and by the crystallization of a mixed soln. of potassium fluoride and uranyl fluoride. 
A. Smithells obtained it by evaporating a soln. of potassium fluoride or hydro- 
fluoride and uranyl fluoride, and by fusing potassium hydrofluoride with uranosic 
oxide — vide supra. H. C. Bolton tried unsuccessfully to prepare this salt by heating 
to redness for more than an hour a mixture of potassium uranyl sulphate with sodium 
fluoride and sulphate as a flux. The greater part of the potassium uranyl sulphate 
remained unchanged, with the exception of a little sodium uranate which was 
formed near the surface of the mass. Potassium uranyl pentaflnoride is dimorphous. 
H. C. Bolton described (i) the yellow, tabular crystals which lie prepared by cooling 
hot, cone. soln. and which are monoclinic prisms with the axial ratios a :b:c 
=1-375 : 1 : 3-477, and j8— 99° 40' ; and he also obtained (ii) twinned tetragonal 
crystals, with the axial ratio a : c — 1 : 2-0815, by the spontaneous evaporation of a 
cold soln. H. Baker gave a : c=*0-992, and found penetration twinning and trilling. 
The sp. gr. of the tetragonal form is 4-263. The crystals are only slightly fluorescent. 
H. C. Bolton observed that when the salt is heated in a closed vessel, it mells to a 
red liquid which freezes to a yellow mass ; if heated while exposed to air, fluorine is 
given off, and potassium diuranate is formed. A. Miolati and U. Alvisi found that 
the electrical conductivity, A, of soln. of onc-tliird of a mol of K 3 TJ0 2 F B , in v litres 
is as follows : 

v . 32 64 128 256 512 1024 oo 

A . 07-67 104-8 109-G 115-1 110 2 127*3 133 

The difference in the electrical conductivities of soln. of the Balt A] 024 —^. 12 —' 
corresponds with that of a tribasic uranylfluoric acid : K 3 U0 2 F B ^ 3K* HU0 2 F 5 )'". 
H. C. Bolton observed that when the salt is heated in dry hydrogen, it forms uranium 
tetrafluoride, uranium dioxide, and potassium fluoride. At 21°, 100 parts of water 
dissolve 12-5 parts of the salt. The aq. soln. reddens litmus and is not decomposed 
by boiling, and H. Baker added that the solubility of the salt in a soln. of potassium 
hydrofluoride is less than in water, and the original salt can be crystallized from its 
soln. in this menstruum— vide infra. H. C. Bolton found that the salt is completely 
decomposed by warm, cone. Bulphuric acid. When ammonia is added to the aq. 
soln., a precipitate of ammonium diuranate is formed ; barium chloride gives a 
voluminous white precipitate ; lead acetate, an orange-yellow precipitate, very 
soluble in acids ; and calcium chloride, a white precipitate difficult to filter. Oxalic 
or formic acid and a soln. of this salt, when exposed to sunlight, form potassium 
uranous pentafluoride. A soln. of potassium uranyl peutafluoride gives no precipi- 
tate with salts of copper, silver, zinc, mercury, iron, or platinum ; and ammonium 
or sodium carbonate does not decompose the boiling soln. When the pentafluoride 
is fused with sodium carbonate there are formed sodium uranate and fluoride. 
The salt is insoluble in alcohol, and ether ; and alcohol added to an aq. soln. 
precipitates the salt. As indicated above, a soln. of potassium uranyl pentafluoride 
gives a precipitate with barium chloride, which, when washed, and dried at 100°, 
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forms orange-yellow tariumuranyl pentafluoride, Ba*{U0 2 F 6 ) 2 .2H 2 0. It gives 
off water and hydrogen fluoride without melting when heated out of contact with 
air ; it is very sparingly soluble in hot water ; it is freely soluble in acids, and the 
soln. precipitates barium sulphate when treated with sulphuric acid, and ammonium 
uranate when treated with ammonia. The corresponding uranyl penis- 

fluoride, Caa(UO a F 5 ) 2 .nH 2 0 # and lead uranyl pentafluoride, Pb^UOgFftJg.nHgO, 
appear to be produced in an analogous manner — vide supra* 

H. Baker found that when potassium uranyl pentafluoride m crystallized from 
water, or from a soln. containing not more than 13 per cent, of potassium hydro- 
fluoride, six-sided {dates — raiely prisms — of potassium diuranyl enneafluoride, 
K5(U0 2 ) 2 Fq, are formed. The triclinic crystals have the axial ratios a : 6 : c 
•=0*6222 : 1 : 0*568, and a=-72°38 / ; 0=016° 23', andy=l]l°57'. The sp. gr. 
is 4*379 at 20°. The crystals are markedly fluorescent ; and they can be 
recrystallized unchanged from water. The zirconium salt Na B Zr 2 F 13 is analogous. 
H. Baker obtained potassium diuranyl heptafluoride, K 3 (U0 2 )2F 7 , from a soln. of 
uranyl fluoride mixed with insufficient potassium fluoride to form a precipitate ; 
and by recrystallizing either of the preceding potassium salts from a soln. containing 
uranyl fluoride. The monoclinic prisms have the axial ratios a : b : o 
=-0*918 : 1 : 0*978, and 0=114° O'. The Rp. gr. is 4*108 at 20°. The green fluor- 
escence is very marked. The salt separates unchanged from its soln. in hot water. 

H. C. Bolton evaporated in a desiccator, over sulphuric acid, a soln. of uranyl 
nitrate and sodium fluoride, or a soln. of sodium uranate in hydrofluoric acid, and 
obtained tabular or prismatic crystals of sodium uranyl trifluoride, Na(U0 2 )F s . 
4H 2 0. The monoclinic crystals have the axial ratios a : b : c~ 1-0270 : 1 : 0*5222, and 
0- 94° 51'. The crystals lose half their water at 100° ; they melt when heated, 
forming sodium diuranate. The salt iB not bo stable as the potassium salts, but 
behaves similarly. When the aq. boIu. is heated, or when an attempt is made to 
recrystallize the salt from its aq. soln., sodium fluoride crystallizes out separately. 

A. Ditto described potassium uranyl hexafluoride, K 4 (UO,)F < , as a result of fusing 
uranosic oxide with potassium fluoride mixed with a little carbonate, or by dissolving 
n ran os ic oxide in molten potassium hydrofluoride, and precipitating with potassium 
carbonate*. The yellow, six-sided plates are stable m air at a red-heat ; hydrogen reduces 
a little of the salt at a rod -heat ; when heated with ammonium chloride in hydrogen, 
uranium dioxide and potassium chloride are formed ; it is insoluble in hot and cold water 
and soluble in acids. A. Ditto similarly obtained rubidium uranyl hexafluoride, 
Kb 4 (lT0 2 )F 8 ; sodium uranyl hexafluoride, Na 4 (UO a )F, ; and lithium uranyl hexafluoride, 
Li|(UO a )F a . A. Smitholls showed that in all probability A. Ditto erred in some way, for 
the products obtained are m all caseB diuranates, and not fluoridoB at all. 

According to S. Lordkipanidze, when an aq. soln. of sodium uranyl trifluoride 
is treated with hydrogen dioxide, and the intense yellow soln. is evaporated on a 
water-bath at 00° to 70°, a yellow, granular salt, sodium uranium peroxyfluoride, 
NaF.U0 4 .5H 2 0, is formed. It loses four mols. of water at 100°. Again, if an excess 
of hydrogen dioxide is added to an aq. soln. of potassium uranyl pentafluoride, the 
intense yellow liquid deposits, after standing some time, yellow, pulverulent 
potassium uranium peroxyfluoride, KF.ro 3 F 2 .3(KF.U0 4 ).4H 2 0. 
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§ 16. Uranium Chlorides 

According to E. M. Peligot, 1 if uranium tetrachloride in heated, at the temp, 
approaching volatilization, in dry hydrogen bo long os hydrogen chloride is given 
oil, ur anium trichloride, UC1 3 , is formed. H. Lobe] added that the hydrogen should 
be thoroughly dried and be free from all traces of oxygen. C. F. Rammelsberg 
obtained the trichloride by heating the tetrachloride in ammonia, but in that case, 
added E. Uhrlauh, the product will contain some nitride. J. L. C. Zinunerinann 
obtained what he regarded as a soln. of the salt by reducing nranyl salts with zinc 
and hydrochloric acid, or, according to F. Stolba, with lead and hydrochloric acid. 
A. Rosenheim and H. Lobel prepared a soln. of the trichloride in a large excess of 
hydrochloric acid by the electrolytic reduction of a soln. of uranium trioxide in 
hydrochloric acid of sp. gr. M2, using a layer of mercury as cathode. To complete 
the reduction, the soln. must be cooled to 0° towards the end of the electrolysis. 
In the presence of traces of dissolved mercury or platinum, the reduction stops at 
quadrivalent uranium, due, it is supposed, to the fact that these substances facilitate 
the liberation of hydrogen. A. Rosenheim and H. Lobel observed that the tri- 
chloride forms dark red, hygroscopic needles. K. Someya discussed the colour 
of tervalent uranium ions. W. Biltz, and W. Biltz and C. Fendius gave 5*440 for 
the sp. gr. at 25°/4° ; 83*4 for the mol. vol. ; and for the heat of formation (U,.}C1 2 ) 
=213 Cals. E. M. Peligot found it to be freely soluble in water ; and the purple 
soln. quickly decomposes, giving off hydrogen and forming a red deposit of uranium 
oxide and a green soln. of uranium tetrachloride. The aq. soln. are therefore very 
unstable, and A. Rosenheim and H. Lobel observed that the purple soln. in hydro- 
chloric acid is more stable than the aq. soln., and that water and most reagents 
decompose the acid soln. of the trichloride. The soln. of the trichloride in acetic 
acid is red. J. L. C. Zimmcrmann measured the absorption spectrum of soln. of 
the trichloride. 

E. M. Peligot 2 observed that uranium burns brilliantly in chloriue, forming 
uranium tetrachloride, or UT&nOllS chloride, UC1 4 ; he prepared the salt by passing 
dry chlorine over an intimate mixture of uranous oxide and carbon at a red-heat. 
The red vapours of the uranium tetrachloride condense near to the hot zone. 

C. F. Rammelsberg used uranosic oxide, and H. Lobel, uranium trioxide. 
H. E. Roscoe said that any of the oxides of uranium or uranyl chloride can be 
employed, and that octahedral crystals of the tetrachloride are deposited nearest 
to the hot zone, and farther away the pentachloride is deposited in black, needle- 
shaped crystals mixed with a brown powder. W. E. Schilz, C. F. Rammelsberg, 
H. Lobel, and A, Roderburg employed this process ; whilst H. Moissan passed 
chlorine over red-hot uranium carbide. A. Colani observed that the production 
of the pentachloride is avoided if uranium dioxide be employed in place of the 
trioxide or of uranosic oxide ; and H. E. Roscoe found that the pentachloride is 
converted into the tetrachloride if it he heated in a current of carbon dioxide. 
As shown by E. Demar^ay, and L. Meyer, the metal oxides can be chlorinated by 
passing the vapour of carbon tetrachloride over the red-hot oxide. ThiB process 
waB employed by A. Colani for uranium tetrachloride. P. Camboulives passed the 
vapour of carbon tetrachloride over uranium trioxide at 300° ; and A. Michael 
and A. Murphy heated a mixture of uranium dioxide and carbon tetrachloride in a 
sealed tube at 2*50°. A. Colani, C. Matignon and F. Bourion, H. Lobel, F. Bourion, 

D, Lely and L. Hamburger, and J. F. Goggin and co-workers prepared the tetra- 
chloride by beating uranosic oxide, or uranium trioxide in a current of the vapour 
of sulphur monochloride, alone or mixed with chlorine. A. Colani said that if the 
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sulphur monoehloride i« associated with an excess of sulphur, the reaction does not 
proceed so easily as in the converse case R W Moore recommended the follow mg 
procedure 

Tho utamum oxide is platod in quartz 01 pouelam boats maertod m a 5 nn por< elam 
tubf heated m an eleetru al resistani e furnace An t mptv boat is pla< ed at one end of the 
porcelain tube, and redistilled sulphui monoc blonde is allowed to flow into this boat 
drop bv drop from a tube connected with a separatory funnel 1 he other end of the tube 
promoting beyond the furnace w dosed by a rubber stoppei with a large outlet tube 
opening under sulphur monoc h Ion do (ontniiicd m a bottle The furnace is inclined down- 
ward* towards the outlet end so as to allow the outflow of any sulphur monoehloride 
Londonsitig in the c ool end of the tube 1 hr tube is heated tc 200 300 , and the dropping 
in of the sulphur monoc hlonde is c oihiih n< cd f J ho tump is gradually raised to 000°, 
and maintained then ten 3 ci 4 lira The uranium oxide is conveitcd into u greenish, 
coarse h crystalline mass, which alisoihn moisture slowly llic tunp is not high enough 
either to melt or to sublime tho tetrachloride The product is picsi ived in sealed tubes. 
Some ovule is still present and the product is purified by sublimation V haul glass tube 
about 4 ems in dianuhi is btnt , thus the inlet is ai ranged so tlmt it can lie Idled with 
chlorine rltud by bubbling through sulplmi iiionnclilnnde i he cruclo tc trac blonde is 
pise td at the lowest puit of the bend and the nutlet is closed by a stopper uiriying a small 
tube leading to t lie exit The tetra blonde is hinted to blight redness while a mode i ate 
current of chlorine is passed thiough the tube Tlu dark red lapnius of the t» tine blonde 
condense m git crush c r\stalR c Jose to the hot /one A fluff \ ve How subst am t, is deposited 
in flic eoolcr part of the tube It uppcais to In a complex of sulphur monoc blonde «uiel 
ti ik blonde IntmiHc on ic placing the nine lit of chlorine h> liitiogen, and 
hr tiling 1) part of the tube c untaiinnir tin si civstals they He c ornpone into sulphur mono 
cliloiidc a d oinmum te tme blonde Ihe uranium te true blonde is bt ale d in tube s or bottles 
i ontaining di > ml login 

I Alov said tbit uranium tt true hlonde is formed when .i soln of uianosic 
oxide oi uranvl hydroxide in hydrochloric acid mixed with alcohol is exposed to 
sunlight and tin juoduct pucipitated b\ adding ether The redut tion of soln of 
uranv 1 tlilondt in the presence of ether in sunlight was first noticed hv A F Oehlen, 
in l St )ti K Arndt and V\ Knop also obt lined i soln of the tetrachloride by boiling 
for J r > limrs a soln of uranvl chloride mid hvdiochlonc neid with topper and a trace 
of hvdrochloroplatmu acid The cold soln if ter filtration was treated with 
hydiogtn sulphide to Temoxt copper and tlic fdtiatc boiled to remove hydrogen 
sulphide The soln of uranium tetr ic blonde was treated with ammonia ami the 
precipitated uranous hydroxide dissolved in hvdrochloru acid J Aloy and 
G Aubcr and V XolilHchutter and H Rossi recommended sodium hyposulphite 
as reducing agent 

As observed bj K M Peligot, and H Lobe), uranium tetrachloride forms 
lustrous dark green octahedral crcstals belonging to the culm system when 
produced bv sublimation in a slow current of chlorine but added R Sendtncr 
with a fast current of chlorine the sublimate is a gieen crystalline powder 
H Ilunsen found the X radiogiam agrees with a cubic lattice with n 1 1 r >7 \ 
and 24 mols per cube VV fc Sclnlz gave 4 7 1 foi tin sji gr it 4 \ O llonig 
st hnnd and It Nclulz 4 72 r ) at 23 ,4 , W Blitz and C Fendnis, 4 834 at 2*) 4 , 
and for the mol vol , 78,3 *1 L (’ /irmriernmnii observed thit the vapour la 

red, and that the vapour density is 13 33 when the value enhuhted for Ulj is 

13 21 , and from the effect of the tetr n hlonde on boding bismuth trie hlonde 

L Rugheimer and K L (louder obtained a mol wt of 37 3, corresponding closely 
with 380 3 required foi UC1 4 W 13ilt/ and C Fcnduis gave for the heat of 
formation (l T ,2CI 2 )-25J Cals E Btcqiuiel, and F R Merton investigated the 
absorption sjiectrum- ud< supra W Hampe found that the molten chloride 
conducts the electric current and is it the same time ilectioly/ed Ah indicated 
above the tetrachloride is reduced to the triclilonde when it is heated in hydrogen 
A \oigt and *W Blitz found the sp electrical conduct iv it v at r )70 to be 0 34, and 
at b20°, 0 48 H G Grimm, onel G von Hevesy disc ubsed the ni p and electrical 

conductivity E M Peligot noted that the crvstals fume m moist air, and they 

are very deliquescent, forming an emerald green t>oln The suit is freely soluble 
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in water, dissolving with a hissing noise, the evolution ol heat, and the formation 
of a dark emerald-green liquid. R. Arndt and W. Knop also observed that a soln. 
of the salt is fairly stable in the cold, but if ferrous chloride is present as impurity, 
the uranium is soon oxidized to the quinque valent stage. H. Lobel said that the 
salt in aq. soln. is completely hydrolyzed, bo that, as E. M. Peligot observed, it does 
not then form complex salts with alkali chlorides, but it does so in non-hydrolyzing 
solvents. According to E. M. Peligot, when the aq. soln. is evaporated, hydro- 
chloric acid is given off, and there is formed a residue of hydrated uranous oxide 
which yields a soln. with water ; and when evaporated in vacuo, there remains a 
deliquescent residue not uranium tetrachloride ; J. J. Berzelius also observed that 
the boiling aq. soln. gives off hydrochloric acid, forming hydrated uranouB oxide— 
J. Aloy said that the black precipitate formed in the boiling soln. has the composition 
UCI4.5UO2.IOH2O ; and R. Arndt and W. Knop, that when the dark green soln. 
is dropped into boiling water, it is decolorized and hydrated uranous oxide is pre- 
cipitated. The tetrachloride was found by H. Kunheim to be converted into 
uranosic oxide when heated to redness in water-vapour. H. Hermann showed 
that dry hydrogen sulphide transforms it into uranium disulphide and hydrogen 
chloride ; and A. Col an i added that the hydrides of the metalloids readily react 
with the tetrachloride with double decomposition at a red-heat ; and with oxygen 
compounds it reacts in the dry way, forming uranium dioxide and a chloride — 
e.g. with tungsten trioxide, arsenic trioxide, etc. W. Peters found fhat the de- 
hydrated salt absorbs dry ammonia to form uranium t rianunino tetrachloride, 
UCI4 .SNHj,, and the ammonia is retained in vacuo. C. F. Rammelsberg said lliat 
an excess of sodium thiosulphate precipitates from an aq. soln. of uranium tetra- 
chloride a mixture of sulphur and a basic uranous sulphite, while some sulphur 
dioxide is given off. A. Remele said that almost neutral soln. of uranous salts give 
precipitates free from uranium when treated with ammonium and sodium thio- 
sulphates. E. Ulirlaub observed that when heated in ammonia gas, uranium 
nitride is formed, but C. F. Rammelsberg observed that, at ordinary temp., uranium 
tetrachloride absorbs 5-44 parts of ammonia gas, with the development of heat. 
This is a little more than is required for uranous amminotetrachlorule, UCI4.NII3. 
H. Ldbel observed that uranium tetrachloride forms a pale green soln. with alcohol, 
with partial alcoholysis. The alcoholysis is hindered by saturating the soln. with 
hydrogen chloride, and complex organic chlorides can be obtained with the liquid. 
The tetrachloride also forms pale green soln. with acetone, acetic ester, and benzoic 
ester ; but it is insoluble in ether, chloroform, and benzene. T. It. Merton also 
noted that uranium tetrachloride is soluble in ethyl alcohol, acetone, acetonitrile, 
ethyl acetoacetate, and acetophenone. The reduction of uranyl salt soln. in the 
presence of many organic substances has been previously discussed. J. E. Abelous 
and co-workers found that the insolation for several hours of common sugars — 
sucrose, glucose, Jevulose, and lactose — in 2 per cent. soln. caused no appreciable 
change, but if 25 c.c. of the sofn. contains 2 c.c. of a 2 per cent. soln. of a uranyl 
salt, the yellow soln. becomes green by exposure to a bright light — in the case of 
uranyl acetute, a violet precipitate is formed. Levulose and sucrose react most 
rapidly; aldehydes, particularly formaldehyde, are amongst the products of the 
reaction. Inulin is more readily attacked by this treatment than is starch or 
glycogen. Ah previously indicated, E. M. Peligot, H. Hermann, and others found 
that the tetrachloride is reduced to the metal by sodium, potassium, aluminium, 
etc. ; and A. Colani observed that binary compounds with potassi um , sodium, 
magnesium, aluminium, tin, and antimony are formed when these metals are 
heated with uranium tetrachloride. Complex salts with tin, titanium, and thorium 
tetrachlorides could not be prepared by H. Lobel, All the uranous salt soln. are 
strong reducing agents — e.g. soln. of gold and silver salts give precipitates of the 
metal, jxjtassium permanganate soln. are rapidly decolorized, ferric salts are 
converted into ferrous salts, etc.— vide supra , analytical reactions of uranium. 

J. Aloy prepared lithium uranous hexachloride, 2LiCl.U0l4, by passing the 
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vapour of uranium tetrachloride over the alkali chloride at a dull red-heat ; the 
alkali salt gradually melts as the uranium tetrachloride is absorbed. Similarly 
With the sodium and potassium salts. These salts are pale green when first pre- 
pared, but are very hygroscopic, and rapidly darken as they absorb moisture from 
the air. They are ^ery soluble in acetic acid, and dissolve also in water, with 
development of heat, giving a strongly acid soln. which oxidizes slowly in the air 
at ordinary temp., and more rapidly when heated. The soln. are decomposed by 
water, so that when evaporated in vacuo over sulphuric acid, crystals of alkali 
chloride are deposited and a green, uncry stallizable mass is left behind. Alcohol 
gives a green soln., which also rapidly oxidizes and becomes yellow. H. Moissan, 
A. Colani, and J. Aloy prepared sodium ur&nous hex&chloride, 2NaCI.UCI 4 , by 
passing the vapour of the tetrachloride over sodium chloride at dull redneRSj 
A. Colani added that a great excess of the sodium salt is an advantage. The 
apple-green crystals melt at about 390°, and very little vapour is given off. The 
Balt is very hygroscopic and decomposes like uiamum tetrachloride in the presence 
of water, in which the salt is freely soluble. It is also decomposed by alcohol. The 
preparation and properties of potassium uranous hex&chloride, 2KC1.UC1 4 , are 
indicated m connection with the lithium salt , and similarly w ith rubidium ur&IlOUi 
hex&chloride, Rb 2 UCl 6 , and csesium uranous hex&chloride, Cs 2 U(\. J. Aloy 
prepared calcium uranous hexachloride, CaCl 2 bv the method employed for 
the lithium salt, but especial care must be taken to rlry the chloride before the 
heating, which must not be taken too far. Similarly also with strontium OT&nOUS 
hexachloride, SrCi 2 .UCl. t , and with barium uranous hexachloride, BaCl 2 .U€l 4 . 
The complex salts with the alkaline earth metals are of u deeper green colour than 
those with the alkali metals ; but like the Jattei, they are decomposed by water, 
and cannot be obtained crystalline by evaporating the oq »oln. m \ aeuo. H. Lflbcl 
also prepared complex salts vith pyridine and quinoline 

H. E. Roscoe 3 prepared uranium pent&chloride, ITC1 3 , simultaneously with 
the tetrachloride, by passing an excess of dry chlorine over a moderately heated 
mixture of charcoal with any of the oxides of uranium or uranyl chloride. The 
pentachlonde exists in two distinct forms, according as it is produced slowly or 
quickly. When the current of chlorine is slow, the pentachlonde of uranium forms 
long, dark, needle shaped crystals, which reflect light with a green, metallic lustre, 
but appear of a ruby-red colour when viewed by transmitted light. If the rate at 
which the chlorine passes be rapid, the pentachlonde is deposited in the form of a 
light, brown, mobile powder. The octahedral c^stals of the tetrachloride are 
always deposited in quantity in that part of the tube nearest to the heated mixture ; 
then the black, needle-shaped crystals of pentachlonde are formed, mixed with 
more or less of the brown powder, which is generally carried for a considerable 
distance along the tube. According to A. Michael and A Murphy, 1\ Cambouhves, 
and F. Bourion, the pentachlonde is also formed along with the tetrachloride when 
the uranium oxides are chlorinated by heating them in the vapour of carbon tetra- 
chloride or sulphur monochlonde. V, Pimmcr employed an analogous process. 
0. Ruff and A. Hcinzelmann recommended converting the mixture of uranium 
pentachlonde and tetrachloride wholly into the pentachlonde by sealing it with 
liquid chlorine in a glass tube ; heating the vessel protected by an iron tube ; after- 
wards cooling the vessel to liquefy the excess of chlorine, and then allowing the 
chlorine to escape by evaporation. II. E Roscoe said that the pentachlonde 
forms black needles and a brown powder, and added that it cannot be volatilized 
without partial decomposition, either when heated alone or in an atm. of chlorine 
or of carbon dioxide, uranium tetrachloride and free chlorine being formed. This 
dissociation begins in an atm. of carbon dioxide at a temp, of 120° and is completed 
at 236°, since the percentage of chlorine contained in the residue is four-fifths that 
required for the tetrachloride. The tetrachloride, when similarly heated, loses no 
chlorine. V. Pi miner said that the dissociation proceeds very slowly even at the 
ordinary temp, of a room, and volatilization occurs at 70° under 7 nun. press. The 
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vapour density is then about half that required for the pentachloride, showing that 
the compound is dissociated : 2UC1^2UCl4 +CIg. The effect of the pentachloride 
on the b p of ether agrees with a mol wt 248-4 — when the theoretical value for 
UCi 9 is 415*75, the results with chloroform, acetic acid, and ethyl alcohol show 
that chemical action occurs V Pimmer estimated that the m.p. of the penta- 
chloride is above 300° 

According to H E Roscoe, the pentachloride is extremely hygroscopic, yielding 
on exposure to the an for a few minutes a yellowish green liquid. When thrown 
into uafe/, the pcntachlonde hisses as it passes into s oln , gmng off fumes of hydro- 
chloric acid V Pimmer said that the green soln smells both of rhlonne and of 
hydiochlonc acid and if only a small proportion of water is employed, the liquid 
blackens, in consequence of the formation of uranous hydroxide H E Roscoe 
observed that when the pentachloride is heated to redness in dry ammonia , a black 
nitride is formed A W Cronandcr heated uranium trioxide in a sealed tube with 
an excess of phosphorus pentachloude for 3 or 4 days, and obtained yellowish-rod 
uranium phosphodecachlonde, l T <’l 0 PC1 5 The product is decomposed by water 
2(IT1 5 P«0 t 9H 2 0-UP 2 0 7 f-l 0,01, f-lflHOl V Pimmer, and H Lobel found 
that uianium pentachloride forms a green soln with ethyl ahohol which becomes 
yellow when it is boiled II Lobel said that the pentachloride is insoluble in dry 
ethn , benzine mlrobenze nr, and ethylene bromide spunngly soluble in carbon 
tetrachloudi , and cklo/oform, forming yellow soln , soluble in ethyl benzoate and the 
^oln becomes blown and soluble in acetone and tnihloroaietic and, and the soln 
becomes brown when heated The best solvents observed were ethyl acetate and 
benzoHthih but the b p of these solvents is lowered, not raised, bv the penta- 
chloride, showing that some chemical action has taken place V Pimmer s obseiva- 
tions with soln m ether, chloioform acetic acid, and ethyl alcohol aie indicated 
above Accoiding to V Timmer, the green soln in ethyl autati becomes yellow 
when boiled , the dark yellow soln in benzaldehyde does not appear to change when 
boiled , acetone forms a green soln , glycerol forms a green soln at r )U° benzyl 
alcohol dissolves traces of the salt, forming a green soln caibon disulphide decom 
poses uranium pentachloride, and the smell of Hulphur monochlonde giadually 
develops without dissolution , nitrobenzene dissolves traces, hnzomtnle forms a 
yellow soln , warm jyhdine , and p-toluidine dissolve some pentachloride whilst 
the jientachloride is insoluble in l*enzene, aniline, hgioin, pyridine , quinoline , ethyl 
sulphide, and amyl sulphide H Lobel added that many organic oxy compounds 
dissolve the ]>entft< hloridc, primarily forming addition products, which particularly 
the hvdiovy compounds rapidly decompose into uranous compounds, or pass into 
ox) i him ides with the evolution of hydiogen chloride 

H Lobel 4 left uranium jientachloride for many days in contact with liquid 
chlonm in a sealed tube, in the presence of various possible catalytic agents, but 
did nut obtain uranium hezaohlonde, U01 fl , analogous to the hexafluoride 
A Michael and \ Muiphy heated uranium trioxide or uranosio oxide with carbon 
tetiac blonde for many hours m a sealed tube, and G M Ross heated uranous oxide 
in a billed tube with sulphur monochlonde, and obtained a green, non-volatile 
solid with the composition of the hoxachlonde It decomposes when warmed, 
and with water forms uianyl chloncle The evidence for the individuality of the 
hexa< blonde is not altogether satisfactory 
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§ 17. Uranium Oxychlorides 

J. Aloy 1 prepared uranous dioxytetrachloride, U0 2 UC1 4 .H 2 0, as a pale green, 
soluble crystalline mass, by evaporating an aq. soln. of uranium tetrachloride at a 
low temp., in vacuo, dissolving the product in alcohol, adding ether to the alcoholic 
soln., washing the precipitate with ether, and drying it in vacuo. N. A. Orloff 
prepared sodium uranous dioxyhexachloride, NagU01 6 U0 2 .6H 2 0, in greenish- 
yellow crystals, by evaporating an aq soln. of uranous chloride and sodium uranate. 
N. A. Orloff obtained uranous tetroxytetrachloride, 2U0 2 UC1 4 .13H 2 0, by the 
action of light on a soln. of uranyl chloride in 2 parts of ether and 1 part of 
alcohol. It forms green soln. with water, and alcohol, When the tridecaliydrate 
is dried over sulphuric acid it forms the monohydrate. If it be dried at 100°, 
uranous octaxytrtrachlaride, trUO^lIOl*, is formed , ;t gives dark brown soln. 
with water, and with alcohol. J. J Berzelius observed that if an aq. soln. of 
uranium tetrachloride be concentrated by heat, it furnishes a black powder ; and 
J. Aloy obtained in a similar way a product with the composition uranous diBCGXy* 
tetrachloride, 5U0 2 .UC1 4 .10H 2 0 . He also obtained it by allowing uranous 
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hydroxide and a soln. of uranium tetrachloride in air-free water to aot on one 
another for some days in a closed flask. The product when dried iB black ; and it 
can be kept in air a long time without becoming yellow. 

According to E. M. PcSligot 8 dry chlorine unites with uranium dioxide at a red* 
heat to form an orange-yellow vapour, which condenses, forming yellow crystals of 
Oranyl chloride, U0 2 C1 2 . If the uranium dioxide contains any uranosic oxide, 
uranium trioxide remains behind on dissolving the compound in water. 
F. P. Venable and D. H. Jackson chlorinated uranosic oxide at 500° by a mixture 
of chlorine and carbon monoxide. A. von Unruh observed that when uranyl 
acetate, dissolved in amyl alcohol, is evaporated with hydrochloric acid until all 
the acetic acid is expelled, then 4 to 6 times with water to remove the excess of 
hydrochloric acid, and the soln. freed from water by boiling, there are formed 
green, fluorescent plates of the anhydrous salt. F. W. 0. do Coninck added a soln. 
of barium chloride, drop by drop, to a cone., fleshly prepared, oq. soln. of uranyl 
sulphate, filtered off the precipitated barium sulphate, and evaporated the boId. on 
a water-bath to obtain uranyl chloride. The early workers obtained a soln. of the 
salt by dissolving uranyl hydroxide in hydrochloric acid, or by oxidizing a soln. of 
uranium dioxide or uranosic oxide in hydrochloric acid, by means of nitric acid, 
or by exposure to air. According to M, H. Klaproth, the evaporation of the 
yellow soln. furnishes efflorescent, oblique, four-sided plates ; L. R. Lecanu obtained 
very deliquescent needles; and J. A. Arfvedson, an uncrystallizable, deliquescent 
syrup. J. Aloy reported that a soln. of uranyl chloride in hydrochloric acid, 
saturated at 15°, furnishes crystals of uranyl hydrotrichloride, U0 2 01 2 .H01.2Hn0, 
when cooled to -*10^ and added that the crystals lose hydrogen chloride when 
exposed to air ; but F. MvIiuh and R. Dietz showed that a soln. of uranium tiioxide 
in cone, hydrochloric acid forms yellowish-green, doubly refracting, hygroscopic 
prisms of the trihydrate , UO 2 OI 0 . 3 H .X), or IIiUO b .2IIC1, when evaporated in a 
desiccator over sulphuric acid. When these crystals are heated above l(K) r , they 
give off water, hydrogen chloride, and chlorine. F. \V. 0. de Coninck said that if 
un aq. soln. of uranyl chloride be evaporated over sulphuric acid, it furnishes 
crystals of the monohydrate , UOoCIg-HoO, but F. Mylius and R. Dietz shovred that 
if a sat. aq. soln. be evaporated, the syrupv liquid furnishes flattened needles of 
uranyl hydroxychloride, IIUO ; ,C1.21IoO, or 1 1 0 2 (0H)C1.21L ; 0, or H 4 U0 B .HC1. 
This salt loses its water of crystallization at 150°, and its aq. soln. scarcely reddens 
blue litmus. Silver oxide precipitates the whole of the chlorine from its aq. soln., 
leaving a colloidal soln. of uranic acid (q.v.). F. W. 0. dc Coninck observed no 
evidence of the formation of HOoCl(OH) in his study of soln. of uranyl chloride. 
F. Mylius and R. Dietz suggested that both the trihydraled uranyl chloride and 
dihydrated uranyl hydTOxychloride are addition products of uranic acid, H 4 UO B , 
with two and one mol. of hydrogen chloride respectively. 

E. M. Peligot said that anhydrous uranyl chloride is yellow, deliquescent, and 
crystalline. F. Mylius and R. Dietz found the sp. gr. of the viscid aq. soln. to be 
2-74, so that ordinary glass and quartz will float in the liquid. F. W. 0. dc Coninck 
found between 13-1° and 16-3°, for soln. with : 

UO a CI 2 . ] 2 4 6 8 10 per cent 

Sp gr. . 10056 10112 1 0215 10313 10418 10517 

E. M. Peligot found that the salt is readily fusible, but apparently not very volatile. 

F. W. 0. de Coninck said that the Halt melts at the beginning of a red-heat. The 
absorption spectrum was measured by H. C. Jones and W. W. Strong, H. L. Howes, 
etc.- vide supra , physical properties of uranium. H. M. Vernon estimated the 
ionization from the colours. According to C. Dittrich, the mol. wt. calculated 
from the lowering of the f.p,, 6° of dil. soln. when the theoretical value for UOgClg 
is 34H, the ionization factor, i, and the degree of ionization, a, for soln. with M 
mols per litre, are ; 
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M . 

1 

2 

4 

8 


r . 

2-926* 

1-338* 
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0*331° 

ono- 

Mol. wt. . 

1305 

129-4 
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122-2 

1X7-6 

t 

8-60 

2-02 

2*69 

2-80 

2-00 

a 

081 

0-83 

0-85 

0-90 

006 


1. Lifschitz and S. B. Hooghoudt studied the Becquerel effect. The aq. Boln. is 
acidic to litmus and congo-red, and tho observations of F. Mylius and R. Dietz 
show that the soln. is hydrolyzed — vide supra. W. Hampc found that the molten 
anhydrous salt conducts the electric current, with the separation of black uranium 
dioxide. W. Hittorf also observed that the aq. soln. is decomposed by electrolysis 
into uranium dioxide and chlorine. C. Dittrich gave for the electrical con- 
ductivity, A, of soln. with half a mol in v litres of water at 25° : 
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two stage ionization process. The 
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The maxima on the polarization curves of uranyl salt soln. were discussed by 
M. Shikata, E B. Samgar, W. Podrouzek, and 1? Herasymenko ; and the electro- 
reduction of soln. of these salts by the mercury dropping cathode, by P. Herasy- 
menko. 

F. W. 0. de Comnck observed that when thoroughly dried, anhydrous uranyl 
chloride is stable in a dry atmosphere ; and that an aq. soln., if air bo excluded, 
slowly deposits, in light, a small quantity of uranic hydroxide, U0 3 2II fi O, which 
after some time partially redissolves. The decomposition is faster in the presence 
of air ; and when the aq. soln. is boiled. F. Mylius and R Dietz found that the 
trihydrate is deliquescent, and that it can be heated to 100° without change, but at a 
higher temp, water, hydrogen chloride, and chlorine are given off, and the brownish- 
black substance which remains, after the salt lias been heated over 400°, contains 
uranium trioxide. F. W. O. do Couinck found that when heated in hydrogen, the 
salt is reduced to the dioxide ; and when heated in air , chlorine is given off and 
uranoRic oxide is formed. The anhydrous salt is freely soluble in waler. At 18°, 
F. Mylius and R. Dietz found that 100 parts of water dissolve 740 parts of the 
trihydrate, and that the solubility increases with a rise of temp. The sat. soln. is 
yellowish-green. According to F. W. (). de Comnck, anhydrous uranyl chloride is 
slowly dissolved by cone, hydrochloric acid ; in the cold, hydroam sulphide converts 
it into uranium dioxide, sulphur, and hydiogen chloride, and when heated, uranyl 
sulphate is formed ; sulphuric and drives out hydrogen chloride to form uranyl 
sulphate ; and cold selcntc acid , of sp. gr. H, dissolves uranyl chloride, and when 
heated, chlorine is given off and uranyl selenite iB formed, J. Persoz observed 
that uranyl Balt Boln. are reduced by Inlhionic acid . E. P. Lewis found that 
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uranium salts Income phosphorescent when exposed to activated nitrogen. 
A. Rosenheim and F. Jacobsohn found that liquid ammonia forms a grey mass 
when it acts on anhydrous uranyl chloride ; F. F. Regelsbcrger did not obtain an 
i wtnnue by the action of ammonia gas on an alcoholic soln. of the anhydrous 
chloride; an unstable uranyl tetramminochloride, UO2CJ2.4NH3, is formed by the 
action of ammonia on solid uranyl chloride, and if ammonia acts on the complex 
with ether, uranyl diamminochloride, U0 2 C1 2 .2NH 3 , is formed. W. Peters found 
that the dehydrated salt absorbs ammonia to form uranyl HwMnminndinhlflriJs, 
UOjjClo.GN^, and this compound, in vacuo, forms the diammine. According to 
J. M. Ordway, aq. ammonia added to a soln. of uranyl chloride gives a precipitate 
which again dissolves until half the hydrochloric acid is neutralized. F. W. 0. de 
Ooninck observed that cold nitric add forms a yellow liquid, and when heated, 
chlorine and nitrous fumes are evolved and uranyl nitrate is formed ; an excess of 
nitric acid forms the acid salt. R. Bottger said that phosphorus docs not reduce 
uranyl salt soln. J. Lifschitz obtained a complex with hydwxy methylene camphor. 
F. Mylius and R. Dietz found that the trihydrate is soluble in alcohol , and in ether, 

F. F. Regelsberger, E. Rimbaeh, C. G. Williams, A. R. Leeds, and H. Grossmann 
and B. Schiick observed that uranyl chloride forms crystalline compounds with 
organic bases, ether, etc. The action of light on soln. of uranyl salts in the presence 
of alcohol, etc., was discussed in connection with the physical properties of uranium. 
J. Aloy and A. Valdiguie found that uranyl salts act catalytically by the simultaneous 
oxidation and reduction of dextrose and methylene- blue when soln. aTc exposed 
to sunlight in the absence of oxygen ; G. BeTger examined the photochemical 
decomposition of formic acid. P. Walden, and H. Grossmann studied the cfiect 
of uranyl salt soln. on the rotatory power of soln of sugar, and other oplically 
active hydroxyl compounds. H. J. H. Fenton observed that uranyl salts give a 
red or brown coloration with dihydroxymaleic acid. S. Hakomon obscivcd that 
sexivalent uranium salts form complexes with tartaric acid. E. F. Rousseau said 
that salts of uranium exposed to solar or ultra-violet radiation stoic the ultra- 
violet energy and produce phot ocataly tic effects in the sterilization or activation 
of ferments. A. Pil found that uranyl salt soln. do not coagulate a gelatin sol 
unless a trace of an alkali halide be also present. R. Kascanu prepared complex 
salts with pyridine, quinoline, 2-methylquinoline, antipyrine, pyrunudon, and 
phenacetin 

E. M Peligot observed that when uranyl chloride is heated with potassium, 
potassium chloride and uranium dioxide are formed ; K. Seubert and A. Schmidt 
found that when heated w'itb magnesium some uranium is formed ; and F. W. 0. de 
Coninck found that when heated with zinc dust or iron filings, it is reduced to 
uranium dioxide, but not by copper turnings. N. W. Fischer found that copper 
forms cuprous chloride and reduces a hydrochloric acid soln. of a uranyl salt to the 
uranous stage, and R. Arndt and W. Knop said that the action is facilitated by heat 
in the presence of a little platinic salt. V. Kohlschutter and H. Rossi found that 
uranyl salts are reduced by copper. J. L. C. Zimmermann observed that in sul- 
phuric acid soln. uranyl salts arc reduced by zinc only to the quadrivalent or uranous 
stage. N. W. Fischer found that hydrochloric acid soln. of uranyl salts are reduced 
to the uranous stage by zinc, cadmium, tin . lead , iron, or cobalt. The reaction with 
2inc wras studied by I. Wertheim, The reduction of uranyl salt soln. to uranous 
salts by magnesium w T as observed by T. L. Phipson, A. Commaille, S. Kern, and 

G. A. Maack ; and by aluminium , by G. A. Maack. Molten alkali hydroxide forms 
alkali diuranatc and a small proportion of normal uranate. When uranyl chloride is 
heated with calcium hydt oxide, uranosic oxide and some calcium uranate are formed ; 
if-air is excluded, dark grey uranium dioxide is produced and at a higher temp, dark 
reddish-brown uranium dioxide is formed. An excess of calcium oxide in air formB 
yellow calcium uranate, green or yellowish-green calcium diuranate, and very little 
uranosic oxide. When anhydrous uranyl chloride is heated with barium hydroxide, 
barium uranate and very little uranosic oxide are formed ; with barium oxide , at 
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a high temp., the main product hi orange-yellow barium diuranato — strontium oxide 
acts in a similar manner. £. M. Poligot observed that complex salts are formed 
with the alkali chlorides . 

According to F. W. O. dc Cuniiick, the aq. aoln. gives no precipitate with hydrochloric 
aetd, lint or cold; alkaU4yc gives an orange prot ipitatc ; aq. ammonia, a pale yellow 
precipitate, insoluble in excess; methyfaminc, a dark yellow precipitate, insoluble in 
excess ; sodium hydmearbonate, no precipitate ; alkali carbonrtit, a pale yellow gelatinous 
precipitate, insoluble in excess ; sodium hydro phosphate , a yellow gelatinous precipitate, 
insoluble in exc<^ss ; ammonium hydrosulphidt , a pale brown precipitate which in a few 
hours becomes reddish-brown ; hydrogen sulphide, a small brown precipitate ; cobalt 
nitrate, and copper sulphate give no change in 24 hrs, ; potassium cyanide , a pale yellow 
precipitate, insoluble in excess ; and with potassium Jerrocyamde and fcrricyanide, dark 
reddish-brown precipitates, insoluble in e xcess. For other reactions, vide supra , so me 
reactions of analytical interest. 

Uranyl chloride forms a scries of complex salts of the general formula 
2RC1.U0 2 C 1 1 2j or R 2 (U0 2 )C1 4 . E. Rimbach found that crystals of ammonium 
uranyl tetrachloride, (NH 4 ) 2 (l T 0 2 )Cl 4 2H 2 0, are obtained from a soln. of a mol of 
uranyl chloride and 2 mols of ammonium chloride in cone, hydrochloric acid, after 
concentration to a syrupy liquid. E. M. IVligot previously obtained this salt 
from a soln. of uranium trioxide ami ammonium chloride m hydrochloric acid, or 
from a soln. of ammonium manat e in that acid. The rhombohedral crystals are 
very deliquescent and freely soluble in water. The solubility data shown in 
Table I indicate that the salt is decomposed by water, the soln. is richer in uranyl 
chloride, and the solid is a mixture of ammonium chloride and undecomposed 
ammonium uranyl tetrachloride. The corresponding tetramethylammonium 
uranyl tetrachloride, 2N(rH tl ) 4 (1.UOd'l 2 , and tetraethylammonium uranyl 
chloride, 2N((VH 5 ) 4 (. 1 l.l T () 2 ( , l 2 , as indicated in Table I, are not decomposed in aq. 


Turn*. 1 — This Solciulitv 01 the Alkali ami Ammonium Uran\l 
Tetrachlorides. 
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Buln. Methylammoniom uranyl tetrachloride, 2NH a (CH 3 )(' , l.ll0 2 ('] 2 ; dimethyl- 
ammonium uranyl tetrachloride, 2NII.,(C'II3) 2 ('1.U0 2 C1 2 ; and trimethylammonium 
unnyl tetrachloride, 2NH(CH 3 ) 3 .UOoC1 2 , were also prepared. H. Grossmann and 
B. Schiick prepared ethylenedianuneuranyl thloride, C 2 H a (NH z ) 2 (l/ T 0 2 )Cl4.2H 2 0, 
in yellow, hygroscopic, prismatic crystals, melting at 219°. Attempts by E. Rim- 
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bach to prepare hydroxyl&mine uranyl tetrachloride, 2NH4OCI.UO2CI4, in aq. soln. 
were not successful ; and in the attempts to make hydrazine ur&nyl tetrachloride, 
reduction always occurred. J. Aloy prepared sodium nr&nyl tetrachloride, 
N&2(U0 2 )Gl4, by passing the vapour of ur&nyl chloride over heated Bodium chloride, 
and similarly with potassium nr&nyl tetrachloride, K 2 (U0 2 )Gl4. The golden- 
yellow crystals melt at a red-heat without vaporizing ; the Balt is freely soluble 
in water, and in dil. alcohol/ E. M. P^ligot prepared the iihyirale } K 2 (U0 2 )d4. 
2H 2 0, from a soln. of the components, using an excess of potassium chloride ; 
J. J. Berzelius recommended using soln. with at least 15 per cent, of hydrochloric 
acid. E. Rimbach, and H. Burger used an excess of uranyl chloride. J. A. Arfvedson 
added that if potassium chloride is not present in excess, the double salt crystallizes 
from the soln. with difficulty ; but since both salts crystallize from the soln. at the 
same time, the crystals of the double salt must be picked out from those of 
potassium chloride. E. M. Pfligot prepared the salt from a soln. of potassium 
uranate in a large excess of hydrochloric acid. The yellowish-green, four or six- 
sided plates were shown by 0. F. Rammelsbcrg, and F. de la Provostaye to be 
triclinic pinacoids with the axial ratios a \ b : c=0-607 : 1 : 0-560, and a=80° 41', 
jB=77° 42', andy=91° 18'. J. A. Arfvedson found that the hydrated Balt loseB its 
water at a temp, a little above 100°, and the anhydrous compound melts at the 
beginning of a red-heat. When heated above this temp, it is partially decomposed, 
with the evolution of chlorine ; and at a still higher temp. E. M P^ligot observed 
that fused potassium chloride is formed, with scaly crystals of uranium dioxide in 
suspension. H. Becqucrel studied the absorption spectrum. J. A. Arfvedson 
found that when heated in hydrogen the salt is decomposed E. M. Peligot 
observed that the salt is freely soluble in water ; and E. Rimbach, and H. Burger 
found the solubility data indicated in Table I. The results show that at low temp, 
the complex salt is resolved by water into its components, so that a greater propor- 
tion of uranyl chloride passes into soln. The ground-mass is then a mixture of 
potassium chloride and potassium uranyl chloride, in agreement with E. M. Peligol ’s 
observation that on evaporating the aq soln., potassium chloride crystallizes out, 
while uranyl chloride remains in soln. E, Rimbach observed thatvat about 60° 
the soln. and solid have the same composition, showing that das Salz 1 st von da an 
untersetzt m Wasser loslich — or, possibly, that the solubilities of the components 
are the same. J. Aloy said that the heat of soln. of a mol of the salt in 1000 to 
2500 mols of water at 18° to 20° is 2 Cals. J. J. Berzelius found that the Balt is 
reduced with vivid incandescence when it is heated with potassium; uranium 
dioxide and potassium chloride are formed. J. 0. Pemne observed no ultra- 
violet fluorescence in the X-rays. E. Rimbach, and H Burger prepared rubidium 
ur&nyl tetrachloride, Rb 2 (U0 2 )Cl4.2H 2 0, in yellowish-green crystals, as in the 
analogous case of the potassium salt. The solubility data, Table I, show that the 
salt is not decomposed by water, from which solvent it can be crystallized unchanged. 
H . L. Wells and B. B. Boltwood prepared caftrium uranyl tetrachloride, Cs 2 (U0 2 )Cl 4 , 
in rhombic plates, by passing hydrogen chloride into a well-cooled, cone. soln. of 
10 to 50 grins, of caesium chloride and 10 to 50 grms. of uranyl chloride ; and by 
evaporating a soln. of 15 to 50 grms. of ceesium chloride and 15 to 50 grms. of 
uranyl chloride. E. Rimbach, and H. Burger obtained it by evaporating a soln. of 
2 mols of c&Bium chloride and one mol of uranyl chloride. The solubility data are 
shown in Table I ; like the rubidium salt, the caesium salt is not decomposed in 
aq. soln. H. L. Wells and B. B. Boltwood said that the salt is decomposed when 
calcined, forming uranosic oxule. J. O. Perrrne observed no ultra-violet fluorescence 
in the X-rays. 
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§ 18. The Uranium Bromides and Iodides 

G. A libegoff, 1 and J. L. C. Zimmermann obtained uranium tribromide, UBr 3j 
by the action of hydrogen on uranium tetrabromide heated to near its in.p. The 
reduction could not be carried further than the tribromide. The dark brown, 
needle-like crystals of the tribroniido prepared by 0. Alibegoff are very hygroscopic. 
The vap. density could not be determined. When molten the salt is dark green. 
It dissolves in water with a hissing noise and the development of much heat. The 
soln. furnishes a characteristic absorption spectrum. When the violet soln. is 
allowed to stand exposed to air, or when it is shaken in air, it becomes dirty brown, 
then dirty green, and finally emerald-green characteristic of uranous salt soln., 
depositing a reddish powder. H. Liibcl reduced elcctrolytically a dil. soln. of uranio 
acid in hydrobromic acid, when the yellow soln. becomes green, and finally red. 
The addition of sulphuric acid produces a brown, crystalline precipitate, which, 
becoming green, gives off hydrogen. A cold, sat. soln. of potassium sulphate gives 
a precipitate similar to that obtained with a soln. of the trichloride. 
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J. L. 0. Zimmermann prepared uranium te t rabr om ide or uranoua bromide, 
UBr 4 , by pausing bromine vapour along with a current of carbon dioxide or nitrogen 
over a heated mixture of carbon and uranium dioxide or uranoaic oxide. A similar 
proocss was employed by H. Hermann, and A. Colani. A. von Unruh said that the 
product is a mixture of uranyl and uranous bromides. T. W. Richards and 
B. 8. Merigold also prepared the salt in this manner, and added that it can be 
purified by sublimation in a dry atm. of bromine or nitrogen and rigorously excluding 
all traces of air or oxygen. A. Colani obtained the tetrabromide at a temp, above 
its m.p. but below its temp, of vaporization. According to C. F. Rammelsberg, 
the dark green soln. of hydrated uranous oxide in hydrobroraic acid, when evaporated 
over sulphuric acid, deposits dark green crystals, and dries to a highly deliquescent 
mass. Analyses agree with the octohydrate, UBr 4 .8H 2 0, but this has not been 
Confirmed. When the aq. soln. is heated, it gives off hydrogen bromide and deposits 
a black powder which he thought to be uranous oxide. J. L C. Zimmermann said 
that the anhydrous salt, during its preparation, collects as a sublimate of dark brown 
or black plates— H. Hermann Raid fine needles. J. L. C. Zimmermann found that 
when the salt is heated in an inert gas, it melts and gives off a brown vapour which 
condenses as a sublimate of the original salt. T. W. Richards and B. 8. Merigold 
found the sp. gr. to be 4-838 at 21°. J. L. C. Zimmermann observed that the vap 
density 19-46 agrees with the theoretical value 19-36 required for- UBr 4 . H. Her- 
mann reported that in contact with air the anhydrous salt fumes, and rapidly 
deliquesces to a dark emerald-green liquid ; it dissolves in water with a hissing 
noise, forming a green soln. which exhibits the characteristic reactions of the uTanous 
salts. The green, aq. soln. of the tetrabromide is even Iohr stable than that of the 
tetrachloride ; it readily gives off hydrogen bromide, and oxidizes to the yellow 
uranyl bromide. A. von Unruh said that the tetrabromide is insoluble in alcohol, 
and R. Sendtner, insoluble in ether. J L. 0 Zimmermann healed the tetrabromide 
with bromine in a sealed tube at 230° for a long time, but observed no change, and 
no sign of the formation of the uranium pentabromide, lJBr 5 . 

J. Aloy passed the vapour of the tetrabromide, in a current of carbon dioxide, 
over red-hot sodium bromide, and obtained a dark green mass of sodium uranous 
hex&bromide, N& 2 UBr 6 , and similarly with potassium uranous hexabromide, 
K«jUBr 6 . These salts are fusible, freely soluble in water, and the aq. soln. on 
evaporation does not yield the double salt. They resemble the corresponding 
hexachlorides, but the colour is a darker green. 

According to H. Hermann, the anhydrous uranyl bromide, U0 2 Bt 2 , is obtained 
simultaneously with uranium tetrabromide when the latter is obtained by passing 
bromine vapour over a mixture of carbon and uranoaic oxide. Uranyl bromide is 
rather more volatile than uranium tetrabromide. R. Sendtner extracted with ether 
the mixture of uranyl and uranous bromides obtained by heating uranium dioxide 
in a current of bromine vapour. The ethereal soln. when evaporated in vacuo 
furnishes fluorescent, yellowish-green needles of uranyl bromide. A. von Unruh 
prepared the anhydrous salt by treating the heptahydrate with amyl alcohol, 
decanting off the water, and boiling the soln. J. B Berthcmot boiled uranium 
dioxide with bromine-water, or dissolved uranium trioxide in hydrobromic acid, 
and obtained, on evaporation, a yellow liquid which deposited yellow needles of the 
heptahydrate , U0 2 Br 2 .7H 2 0. R. Sendtner obtained the salt in a similar manner ; 
and C. F. Rammelsberg said that the green mixture of uranium tetrachloride and 
potassium bromate soon becomes yellow owing to the liberation of bromine and 
the formation of this salt. A. von Unruh prepared the tetrahydrate repeatedly by 
evaporating a soln. of uranyl acetate and hydrobromic acid on a water-bath, then 
with water, and finally evaporating the aq. soln. in vacuo over sulphuric acid. 
The flat, yellow needles of the heptahydrate, said J. B. Berthcmot, have a 
strong, styptic taste ; and when they are dried at a high temp., they assume an 
orange colour, and give off hydrogen bromide, while at a red-heat they evolve 
bromine and form uranosic oxide. H. C. Jones and W. W. Strong measured the 
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absorption spectra of a sola, of the salt. The crystals afe very deliquescent, and, 
according to F. W. 0. de Ooninck, give off hydrogen bromide to form hydrated 
uranium dioxide. R. Sendtner said that the salt is freely soluble in water and in 
alcohol ; and, added A. von Unruh, in ether. The aq. soln. hydrolyses and deposits 
hydrated uranium trioxide. F. W. 0. dc Coninck observed that the reactions of 
the aq. soln. arc characteristic of those of the uranyl salts — vide supra, uranyl 
chloride. If dry ammonia be passed into a dry ethereal soln. of uranyl bromide, 
a complex salt, U0 2 Br 2 (NH3) 2 ,(C 2 H 5 ) 2 0, is deposited, and if this salt be exposed 
to a current of dry air, almost all the ether is driven off and egg-yellow uranyl 
diamminotaomUe 9 U0 2 Br 2 .2NH 3 , is formed ; and the same compound is formed 
when dry ammonia is passed into a dry amyl alcohol soln. of uranyl bromide, the 
precipitate washed with dry ether and alcohol, and dried in a current of warm air. 
If the product be allowed to stand in an atm. of dry ammonia for a long time, it 
passes into uranyl triamminobromide, U0 2 Br 2 .3NH 3 . By treating the diammine 
or the anhydrous salt with liquid ammonia, deep orange-red, amorphous uranyl 
tetramminobromide, U0 2 Br 2 .4NH 3 , is formed, hut it is stable only below 5°. 
It. Rascunu prepared complex salts with antipyrine, and phenacetin. 

According to R. Sendtner, if a soln. of ammonium diuranate lie dissolved in 
an excess of hydrobromic acid, and the soln. concentrated by evaporation, it 
furnishes yellowish-brown, rhombic plates of ammonium uranyl tetrabromide, 
which are so deliquescent that they arc difficult to dry. 
The salt is freely soluble in water. The salt cannot be recrystallized from water. 
The corresponding potassium uranyl tetrabromide, K 2 (U0 2 )Br 4 .2H 2 0 J was prepared 
in a similar way. 

II. hobcl could not prepare a soln. of uranium triiodide, UJ 3 , by the electrolytic 
process which he employed for the trichloride and tribromide. According to 
V F. Rammclsberg, hydrated uranium dioxide forms a dark green soln. of uranium 
tetraiodide, Ui 4 , when dissolved in liydriodic acid. If the soln. be evaporated 
spontaneously, it turns brown, and gives off tree iodine, leaving a black, crystalline 
mass which contains some tetraiodide and forms a reddish-brown soln. with water. 
11. Solicit liei found that if the soln. be extracted with ether, and the yellow, ethereal 
liquid be evaporated, it is decomposed. Neither H. Hermann nor R. Sendtner 
could obtain an iodide by the action of iodine vapour on a red-hot mixture of carbon 
and uranium dioxide ; nor did R. Sendtner succeed in producing an iodide by 
passing hydrogen iodide over the heated dioxide. A. Oolani could not obtain the 
pure tetraiodide by the action of hydrogen iodide on uranium tetrachloride, but 
M. (iuichnnl found that by heating a mixture of iodine and uranium in a scaled 
tube at 500 \ anhydrous uranium tetraiodide collects as a crystalline sublimate. 
The black, needle-like crystals have a sp. gr. 5-0 at J5° ; the in.p. is about 5(K)° ; and 
volatilization occurs between 500° and 000 u in vacuo. The tetraiodide is reduced 
when heated in hydrogen ; when kept m dry air, it acquires a superficial crust of 
iodine crystals, and oxygen iN absorbed ; it inflames at a low temp, in dry oxygen or 
dry air, forming green uranosic oxide ; in moist air it rapidly deliquesces to a brown 
liquid containing free iodine, and in a few hours, in the presence of an excess of 
water, forms a yellow liquid, which when heated precipitates green hydrated 
uranium trioxide. The Halt dissolves in wuter to form a green, acidic soln. which 
gives the clmract eristic reactions of uranous saltH. When the tetraiodide is treated 
in the cold with chlorine, it is decomposed, yielding uranium tetrachloride and 
iodine trichloride. 

A. von Unruh observed that ar&nyl iodide, U0 2 I 2l cannot be prepared like the 
corresponding chloride and bromide, since neither iodine vapour nor hydrogen 
iodide reacts with a red-hot mixture of uranium dioxide and carbon ; nor did 
J. Aloy obtain definite results by the action of iodine vapour on uranium dioxide 
at various temp. A. von Unruh obtained a soln. of uranyl iodide by the action of 
liydriodic acid on uranyl acetate, which decomposes into uranium dioxide, iodide, 
and hydrogen iodide when it is warmed on a w^ater-bath to drive off the acetic acid. 
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If« however, the soln, be evaporated in vacuo over sulphuric acid f it suffers only 
partial decomposition, and after sonic days deposits crystals of the salt. J. Aloy 
prepared the salt by adding a slight excess of a soln. of barium iodide in dry ether 
to an ethereal soln, of uranyl nitrate, and evaporating the red soln. in vacuo. The 
red, crystalline mass deliquesces in dir, and it decomposes with the separation of 
iodine. The yellow, aq. soln. does not yield uranyl iodide on evaporation, since 
it decomposes into hydriodic acid, iodine, etc. The salt is freely soluble in alcohol, 
ether, and benzene. A. von Unruh obtained a soln. of the Balt by adding an 
excess of uranium trioxide to freshly-prepared hydriodic acid, agitating the filtered 
soln. with amyl alcohol, removing the aq. layer in a separatory funnel, and boiling 
the amyl alcohol soln. to eliminate water. The yellow liquid soon becomes brown. 
G. Truttwin prepared a soln. of uranyl iodide by double decomposition in alcoholic 
soln. A. von Unruh prepared yellow uranyl diamminoiodide, (U 0 2 )l 2 - 2 NH 3) by 
passing dry ammonia into a dry, ethereal soln. of uranyl iodide, and removing ether 
from the precipitated U 0 2 l 2 * 2 NH 3 . ^H^O, in vacuo, or in a current of dry 
air ; and also by passing dry ammonia jnto the dry amyl alcohol soln. of uranyl 
iodide, washing the precipitate with ether, and removing the ether in a current of 
dry air. If the product be kept in an atm. of dry ammonia, it forms orange-red 
Uranyl triamminoiodide, UC^ SNHa; and if treated with liquid ammonia, it 
forms uranyl tetramminoiodide, U0 2 I 2 .4NU 3l which is very unstable, for it quickly 
decomposes at a temp, above 5°. G. Truttwin prepared bismuth uranyl iodide, 
U0 2 I 2 .BiI 3 . 
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§ 19. Uranium Sulphides and Oxysulphides 

J. L. C. Zimmermann 1 said that uranium has not a great affinity for sulphur. 
G. Alibegofl obtained what he regarded as uranium monosulphide, US, by heating 
to redness uranium hemitrisulphide in a current of hydrogen tor 30 to 70 hrs. The 
black, amorphous powder glows when heated in air, and it behaves towards acids 
like uranium hemitrisulphide, or uranium sesquiaulphide, IT 2 S 3 , which he prepared 
by heating uranium tribromide in a current of hydrogen sulphide. The greyish- 
black, needle-like crystals are pseudomorphs after the tribTomide. When the 
hemitrisulphide is exposed to air, it gives off hydrogen sulphide ; when heated in 
air, it glows and forms uranosic oxide ; dil. and cone, hydrochloric and nitric acids 
are without action ; fuming nitric acid oxidizes it with incandescence ; aqua regia 
oxidizes it quietly ; and bromine and hydrochloric acid attack it a little. E. Beutel 
and A. Eutzelnigg observed no anodic deposition of sulphide from thiosulphate 
soln. 

According to E. M. Peligot, uranium unites with incandescence with sulphur 
at its b.p., forming uranium disulphide, or uranous sulphide, US^. H. Hermann 
found that at a red-heat, hydrogen sulphide decomposes uranium tetrachloride 
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quietly and without incandescence, forming uranium disulphide and hydrogen 
chloride. A. Colani obtained it by heating sodium uranous hexachloride in hydrogen 
sulphide : the sodium salt is better than uranium tetrachloride because it is less 
volatile ; the reaction begins at *500°, and progresses better at a higher temp. A 
high temp, is necessary for the production of good crystals. When the apparatus 
has cooled, the product is quickly washed with cold, air-free water, when the 
disulphide remains. A. Golani also prepared the disulphide by double decomposition 
of a sulphide of magnesium, aluminium, antimony, or tin with sodium uranous 
hexachloride in an atm. of hydrogen. Stannous sulphide gave the best results. 
The product contains a little hemitrisulphide ; and if air be not rigorously excluded, 
some dioxysulphide may be formed. C. F. Kammelsberg dropped an aq. sola, of 
uranium tetrachloride in an excess of ammonium sulphide and obtained a black 
precipitate, which when washed and dried proved to be a mixture of uranium 
hydroxide and sulphur. A. Colani described uranium disulphide os a black or 
iron-grey, crystalline powder. H. Hermann obtained black, four-sided columns 
by heating the powder with borax at a white-heat. According to P. Groth, the 
tetragonal plates have the axial ratio a : c = 1 : 0 6152. The streak on porcelain 
is grey. A. Coluni said that the disulphide does not decompose or melt between 
1000° and 1100° ; but M. Picon found that the disulphide is decomposed or dis- 
sociated at 1200° to 1300°. H. Hermann found that it is slowly oxidized by moist 
air , forming hydrogen sulphide and a yellow basic uranyl sulphide ; when heated 
in air, sulphur dioxide is evolved and uranosic oxide is formed. A. Colani added 
that if the powder is projected into a flame, it burns in sparks. Cold water reacts 
very slowly ; water vapour acts energetically at a red-heat, forming uranium dioxide, 
hydrogen sulphide, and sulphur. H. Hermann found that the disulphide is vigor- 
ously decomposed by chlorine without incandescence ; dil., cold or boiling hydro- 
chloric and is almost without action ; the cold, cone, acid dissolves the disulphide, 
forming the tetrachloride without the separation of sulphur. A. Colam added that 
the action is slow* with the dil. acid, faster with the cone, acid, especially when 
warmed. TT. Hermann Baid that nitric acid oxidizes it to uranyl sulphate, and 
A. Colani added that uranyl nitrate, Bulphuric acid, and sulphur are formed. 
A Yemeuil found that the addition of one-thousandth part of uranium disulphide 
alters the character of the phosphorescence of calcium sulphide. 

H. Rose 2 prepared uranium dioxytetrasulphide, U ; i0 2 S 4 , or U0 2 .2l\S 2 , but itB 
composition was established by H. Hermann. The former prepared it by heating 
uranosic oxide and the latter by heating uranium dioxide or ammonium uranate in 
the vapour of carbon disulphide alone, or carried along by a current of carbon dioxide 
— the same product is obtained if the uranium dioxide be at a red-heat or at a 
white-heat, but at the higher temp, some free carbon and sulphur are formed. 
J. A. Arfvedson observed that this compound is formed along with a little uranium 
disulphide when hydrogen sulphide is passed over heated uranosic oxide ; 
L. R. Lecanu, and J. J. Ebclmen, when uranos'c oxide or uranium dioxide is heated 
with sulphur, or, according to H. Hermann, sulphur and ammonium chloride ; and 
H. Hermann, by heating uranyl sulphate in hydrogen sulphide or with potassium 
pentasulphide, or by heating sodium uranate mixed with sulphur and ammonium 
chloride. According to H. Rose, and H. Hermann, the greyish black or yellowish- 
black powder smells of hydrogen sulphide when triturated in a mortar ; and it burns 
when heated in air to form uranosic oxide. Uranium dioxytetrasulphide is slowly 
oxidized by chlorine-water ; and a mixture of potassium chlorate and hydrochloric 
acid inflames the powder. J. J. Berzelius observed that it is only slightly attacked 
by dil. hydrochloric acid ; but H. Hermann added that it is soluble m cone, hydro- 
chloric acid, forming uranous chloride without the separation of sulphur. J. J. Ber- 
zelius observed that cold nitric acid dissolves the dioxytetrasulphide with the 
separation of sulphur, whilst H. Hermann added that the fuming acid decomposes 
it with incandescence. 

J. Milbauer obtained uranyl sulphide, U0 2 S, in black, tetragonal, acicular 
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crystals, by fusing together 12 parts of dry potassium thiocyanate, 3 parts of 
uranosic oxide, and 5 parts of sulphur. W. W. Uoblentz found that uranyl sulphide 
exhibits no photoelectric sensitivity. An impure form was prepared by H. Hermann 
by adding ammonium sulphide to on aq. or alcoholic soln. of a uranyl salt. The 
complete precipitation of the uranyl sulphide occurs only after the warm mixture 
has stood for some time with a very small excess of ammonium sulphide. The 
olive-green precipitate is then crystalline and easily filtered. When the brown 
precipitate is washed with air-free water, it is hydrolyzed to uranium dioxide ; and, 
added A. Remele, if washed in air, it forms yellow uranyl hydroxide. A. Remele 
found that the precipitate from the alcoholic soln. can bo washed with alcohol 
without decomposition, and after drying in vacuo over potassium hydroxide, one 
preparation contained 18 per cent. H«0, 1*7 per cent, ammonium sulphide, and 
80-3 per cent. U0 2 S. Uranyl sulphide oxidizes in air at 180° to 240°, forming 
uranosic oxide. It forms with w ater a brown soln., which is decolorized by exposure 
to air, and uranyl hydroxide is precipitated. A brown liquid is also formed when 
uranyl sulphide is treated with aq. alcohol, but not with absolute alcohol, and when 
the brown soln. is boiled for some hours it becomes green, though the brown colora- 
tion returns as the soln. cools, Uranyl sulphide forms a green soln. of uranous chloride 
when treated with cone, hydrochloric acid, in the absence of air, and sulphur 
is deposited ; dll. acids also dissolve it, with the separation of two-thirds to three- 
fourths of the sulphur and the evolution of a little hydrogen sulphide. It is also 
soluble in acetic acid and in a soln. of ammonium carbonate. P Berthier found that 
precipitated uranvl sulphide dissolves in sulphurous acid, and when the yellow soln, 
is boiled, hydrated oxide is precipitated ; and A. Remele found 1 hat sulphur dioxide 
converts the precipitate into uranium dioxide. 0. Bu< liner observed that uranyl 
sulphide dissolves in a soln. of sodium pyrophosphate. According to A. Remele, 
alkali hydroxides deconi]K)se uranyl sulphide, forming ulkali uranatc ; whilst 
sodium, potassium, and barium sulphides appear to form very unstable complex 
salts A. Remele obtained a green precipitate of impure barium uranyl sulphide, 
6BaS.U0 2 S.wH 2 0, by adding barium nitrate to a soln. of uranyl sulphide in 
ammonium sulphide, rapidly washing with cold water and drying m vacuo. A 
brow r n salt was obtained by adding an excess of an aq. soln. of barium sulphide to 
an alcoholic soln. of uranyl nitrate, washing with alcohol, and drying m vacuo. 

J. J. Berzelius observed that precipitated uranyl sulphide dissolves in an excess 
of a soln. of ammonium sulphide to form a durk brown liquid. A. Remele found 
that if freshly-precipitated uranyl sulphide is warmed with an excess of ammonium 
sulphide at about 40° or 50°, it is transformed into a mixture of uranium dioxide 
and sulphur ; it is, however, more stable in the presence of a small proportion of a 
metal sulphide. Uranyl sulphide precipitated from alcoholic soln. is not decom- 
]H)sed by boiling it with an excess of a soln. of ammonium sulphide, nor is it reddened 
when allowed to stand in contact with a cold soln. of ammonium sulphide, whereas 
A. Patera showed that uranyl sulphide precipitated by ammonium sulphide from 
a*], soln. of a uranyl salt becomes dark red when allowed to stand in the cold in 
contact with an excess of ammonium sulphide for 12 to 24 hrs. The red product 
was called uranium-red by A. Remele. L. E. Rivot said that the change proceeds 
more quickly if the ammonium sulphide employed contains a little uranyl sulphide 
in soln. ; and A. Remele observed that a soln. of sulphides of potassium, sodium, 
or barium sulphide does not produce the red colour. J. L. C. Zinimermann found 
that a cold soln. of potassium hydrosulphide does not transform uranyl sulphide 
into the red compound ; whilst ammonium hydrosulphide and calcium hydrosulphide 
do not form the red compound in cold or hot soln. ; rather do they decompose 
the uranyl sulphide into uranium dioxide and sulphur ; on the other hand, a warm 
Boln. of barium hydrosulphide does produce uranium-red. J. J. Berzelius observed 
that if hydrogen sulphide be passed for a long time into water with an alkali uranate 
in suspension, the precipitate is orange-red ; and H. Hermann, that if a soln. of a 
uranyl salt be treated w r ith an excess of ammonia, followed by hydrogen sulphide, 
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a red colour is produced, but if a ur&nyl salt soln. be treated with hydrogen sulphide 
and then with ammonia, a brown colour is produced, A. Rcmel 6 observed that if 
a uranyl salt soln. be treated with ammonium sulphide and hydrogen sulphide be 
passed into the liquid, uranium-red is formed. According to J> L. C. Zimmermann, 
a black and a red substance are produced when precipitated uranyl sulphide is left 
for a long time in contact with a cold soln. of ammonium Bulphide. If the 
ammonium sulphide contains thiosulphate — formed by the action of atm. oxygen 
on the sulphide— the red body is produced, but in the absence of thiosulphate, the 
black body alone is formed. The black substance is considered to be a complex 
uranium oxide, U a 0g.2U0 3 , whereas the red substance consists of an oxygen com- 
pound which, in addition to sulphur, contains a base — sodium, potassium, 
ammonium, or barium — as well as uranyl sulphide. J. L. G. Zimmermann also 
made uranium-red by treating a soln. of uranyl nitrate, acetate, or sulphate with 
freshly prepared potassium hydrosulphide and keeping the liquid warm. V. Kohl- 
schiitter thus summarizes his observations on uranium-red : 

(1) Alkaline, neutral, and even slightly acidic soln. of uranic acid are reduced by 
hydrogen sulphide. (2) In the presence of alkali-lye the reduction may be retarded if the 
action of hydrogen sulphide on the alkali uranate takes place in a soln. containing an 
excess of uranyl sulphate or nitrate. (3) Under these conditions an orange-yellow com- 
pound is produced, yielding the blood-red substance “ uranium red ” when treated with 
alkali-lye. (4) Uranium red contains uranium, sulphur, and alkali metal in the pro- 
portions 5:2:5. (5) All the uranium is present as trioxide. (6) One of the atoms of the 

alkali metal is more loosely combined than the others When this is removed, the yellow 
intermediate r ompound is produced ; it is feebly acid, and contains uranium, sulphur, and 
alkali in the proportions 5 • 2 ■ 4. (7) Treatment with dil. hydrochloric acid elimii^ates 

one-half the sulphur from this compound in tho form of hydrogen sulphide and the 
remainrlor as the freo element ; this suggest 4 that uranium rod contains a disulphide 
residue which acts as the carrier of the loosely attached atom of the alkali metal. (8) In 
the uranium-alkali residue, 5UO v 2R a O, the four alkali atoms may be replaced by the 
alkaline earths without altering the chemical character of the compound ; the five mols. 
of uranic acid are tlierefoi© grouped in one complex, winch takes part, as such, in reactions. 

\ . Kohlschiitter' s results are summarized in the following formulae : 

HS°S U^(0.U0 2 .0R ) 4 ™ s >=U(0.U0 2 .0R ) 4 

Parent Add. Uranium-red. 

V. Kohlschiitter obtained potassium uranium hydroxyhydrodisulphotetrauianate, 

HS.S.U(0H)(0.U0 2 .0K) 4l or 2 K 2 O.GUO 3 .H 2 Sj>, by passing a current of carbon 
dioxide or hydrogen sulphide into water with freshly prepared uranium- 
red in suspension ; or by the protracted washing of the uranium-red 
with water. It is converted back into uranium-red by treatment with dil, 
potash-] ye. Potassium uranium-red , or potassium uranium hydroxydixulphotetra- 
uranate, 2K 2 O.KJIS 2 51J0 3 .5H 2 0, or KS.S.U(0H)(0.IT0 2 .0K) 4 .5H 2 0, was obtained 
by the following process : 

Agitate 140 c.c. of potash-lyo (containing 11 grins, of potassium hydroxido per litre) 
with 100 c.c. of a soln. of uranyl nitrate (50 grms. ]ier litre) ; pass a vigorous current of 
hydrogen sulphide through the product until the orange red precipitate is formed ; pass 
a vigorous current of air, by suction ; agitate tho moist cake with a soln. of potassium 
carbonate hoated on a water-bath for half an hour ; wash the product by suction, with 
water mode feebly alkaline ; dry it on a porous tile ; and finally wash the product 
successively with alcohol, carbon disulphide, and ether. 

V. Kohlschiitter also prepared sodium uranium-red, or sodium uranium 
hydroxydisulphotetrauranate, but he did not analyze it ; nmwinniniw u ranium 
hydroxyhydrodisulplmtetrauranate, 2 (NH 1 )20.GU0 3 .H 2 S 2 .NH 8 .4H 2 0, or HS.B. 
U(0H)(0.U0 2 .0NH 4 ) 4 .4H 2 0, was obtained as well as the corresponding ammonium 
uranium-red, or ammonium uranium hydroxydisulphotetrauranate, (NH 4 )S.S. 
U(0H)(0.U0 2 .0NH 4 ) 4 .wH 2 0. A. Patera found that tho corresponding products 
with the alkalies and alkaline earths in place of ammonia can be obtained by boiling 
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the ammonium Balt with salts of the alkalies or alkaline earths. R. Salvador! 
found that if hydrogen uranate is treated with hydrogen sulphide in the presence 
of an excess of uranyl nitrate or sulphate, an orange-yellow precipitate of hydra- 
zine uranium hydroxyhydrodisulpho 2(N 2 H5) 2 0.5U03.H 2 S 2 .6H20 ( 

is fprmed. When the hydrogen sulphide is removed, and an excess of hydrazine 
hydrate is added, hydrazine uranium-red , or hydrazine uranium bydmxydisulpbo* 
tetrauranate, 2(N 2 H5) 2 0.5U0g.HSS 2 (N2H5).4H 2 0, is formed. The substance de- 
composes a little above 100°. In the air it slowly loses one mol. of hydrazine. 
The compound remaining readily absorbs a mol. of ammonia, becoming blood-red. 
Hydrazine uranium-red is also obtained when “ uranium-red ” is treated with 
hydrazine. V. Kohlschiitter prepared barium uranium hydroxyhydrodizulpho- 
tetrauranate, 2Ba0.5l T 0 3 .H 2 S 2 .10H 2 0, and found that it loses half its water at 
165°. Barium uranium-red , or barium uranium hydroxydisulphotetranranate, was 
obtained by V. Kohlschiitter in an impure state ; and similarly with strontium 
uranium-red, oi strontium uranium hydroxydisulphotetrauranate, and with calcium 
wanium+red , or calcium uranium hydroxydlsulphotetrauranate. According to 
V. Auger and J. N. Longinescu, the red uranium compounds are amorphous salts of a 
tulphouranic acid , H fl U ft S 2 0 16 , or H 10 U lo S 4 O 31 , which plays the part of quinque- 
valent or quadrivalent anion respectively for the red potassium and ammonium 
salts, and for the orange and red barium salts. 

References. 

1 G. Alibegoff, Liebig's Ann., 283. 117, 1886; H. Hermann, Ueber einige Verbindungen, 
Gottingen, 1861 ; A. Col an i, Ann. Chim. Phys., (8), 12. 59, 1907 ; Recherches sur les compose* 
uranevx, Parw, 1907; Compt. Rend., 137. 382, 1903; A. Verneuil, 1 6 ., 103. 600, 1880; Hull. 
Roc . Chun ., (2), 46. 302, 1886 ; P. Groth, Ghemtsche Krystallographie , 1. 158, 1906 ; C. F. Uara- 
melaberg, Pogg. Ann., 56. 318, 1842; 50. 125, 1842 ; 59. 1, 1843; Per, 5. 1002, 1872; 
E. M. Peligot , Compt. Rend., 12. 735, 1841 ; 22. 487, 1840; 42. 73, 1856; Ann. Chim. Phys 
(3), 5. 5. 1842 ; (3), 20. 329, 1847 ; Joum Pharm. Chim., (2), 27. 522, 1 B41 ; Liebig's Ann.. 41. 
141, 1841 ; 43. 258, 1842 ; Joum. prakt. Chtm., (1), 24. 442, 1641 ; (i), 88. 112, 1846 ; M. Picon, 
Co m/rf. Rind., 189. 96, 1929 ; J. L. C. Zimmcrmann, Liebig's Ann., 216. 5, 1883 ; Bcr., 14 1934, 
1881 ; E. Rcutcl and A. Kutzelnigg, MonaUh., 58. 295, 1931. 

2 11. Romp. Gilbert's Ann., 73 . 139, 1823 ; H. Hermann, Ueber einigt Verbindungen , Gottingen, 
1861 : J. J. Berzelius, Srhwtgger*s Joum., 44. 191, 1825; Pogg. Ann., 1. 359, 1824; Srenska 
Aknd. Handl 152, 1823 ; Ann, Phil., 9 . 260, 1825 ; L. R. Lecauii, Joum Pharm. Chim., (2), 11. 
279, 1825 ; J. A. Arfvedson, Svenska Akad. Handl., 404, 1822 ; Ann. Phil., 7 . 253, 1824 , Pogg. 
Ann., 1. 245, 1824 ; Schweigger's Joum., 44. 8, 1825 ; j. J. Ebelmcn, Ann. Chim. Phys., (3), 5 . 
189, 1842 ; P. Beithier, Ann. Chim. Phys., (2), 50 . 369, 1832 ; A. Reraelc, Compt. Rend., 58 . 716, 
1804 ; Monit St tent., (2), 1. 469, 1864 ; Les Mondes , 6. 459, 1864 ; Her., 39 . 96, 1864 ; Pogg. 
Ann., 124 . 114, J865 ; 125 . 209, 1865; Zeit. anal. Chem .. 4 . 371, 1865; Joum prakt. Chem., (1), 
93 . 316, 1864 ; (1), 97 . 193, 1866 ; A. Patera, *6., (1), 51 . 122, 1850 ; A. Rohrig, »6., (3), 37 . 239, 
1888 ; J. L. C. Zimmcrmann, Liebig's Ann., 204 . 204, 1880 ; V. Kohlschutter, ib. t 314 . 311, 1901 ; 
J, Miibauer, Zext. anorg. Chem., 42 . 448, 1904; R. Salvation, AtU Ac cad. Ltncei, (5), 21 . n, 455, 
1912; L. E. Rivot, Docimasit , Pans, 3 . 167, 1864; W. W. Ooblontz, Sc lent. Papers Bur. 
Standards, 18 . 586, 1922 ; Various Photoelectric / nvestigalwns, Washington, 596, 1922 ; G. Buchner, 
Arch. Pharm., (3), 21 . 118, 1883 ; V. Auger and J. N. Longinescu, Compt. Rend., 182 . 970, 1926. 


§ 20. The Uranium Sulphates 

A. Rosenheim and H. Loebel 1 prepared a sulphate of tervalent uranium the com- 
position of which is probably uranium hydrodisulphate, or hydrosulphatosnlphate, 
UH(S() 4 ) 2 , or U(HS0 4 )(80 4 ), or maybe U(HS0 4 ) 3 . A soln. of uranium trichloride 
was obtained in a large excess of hydrochloric acid, by the electrolytic reduction 
of a soln. of uranium trioxide in hydrochloric acid of sp. gr. 1-12, with a mercury 
cathode, cooling the soln. to 0° towards the end of the reduction. When this soln. 
is mixed with fairly cone, sulphuric acid, both cooled to 0°, deep brown crystalline 
leaflets of this nulphate separate out. They are washed with anhydrous acetic acid. 
The salt can be kept under the mother-liquor for Borne hours out of contact with 
air ; on drying, it quickly forms uranous sulphate, U(S0 4 ) 2 . Water oxidizes it to 
uranous sulphate, with the evolution of hydrogen. E. Muller and A. Flath, and 
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D T. Swing and E. F. Bldridge studied the electrometric titration of aoln of 
uranonfi sulphate with potassium permanganate or dichromate. 


The existence of anhydrous uranium 


or uranoui sulphate* U(B0 4 ) a> 


has not been established, although a product with this composition was obtained by 
F Giolitti and G Bucci 2 by heating the octohydrate at 300°. Hydrates with 
1 1, 2, 3, 4, 0 f 6, 7, 8, and 9H z O have been reported either as stages m the drying 
of the higher hydrates or as definite products of 

crystallization from soln of the salt The in- 70 | | |TT T T 

dividualities of the di-, tetra-, octo- and ennea- | ~ — 

hydrates have alone been established) though the § ^ __ T~" 

evidence is based on only a partial study of ^ 

the equilibnum conditions-— owfe infra, Fig 12 N ?0 

F Giohtti and G Liberi said that many of the 

phenomena presented by the uranous sulphates arc Lyj e 

almost certain indications that in these salts the 20 40 60 80 MO 




sulphuric acid residue does not form ions by itself, Fid 1 2 — Solubility Curves of 
but constitutes part of certain complex ions, which tho Tetra- and Octohydrates 
contain also uranium This explains the large of lIranouiJ Sulphate 
number of different salts obtained, the complexity 

of their formulas and the fact that uranous sulphates of identical composition 
often exhibit divergent crystalline forms and other physical and chemical 
properties G N Wyroubolf came to a similar conclusion 

V kohlsc hotter obtained the d? hydrate, U(S0 4 ) 2 2H 2 0, in grey needles, by 
adding tone sulphuric acid to the sulphuric acid soln of the tetrahydrale , 
l)(S0 4 )2 4H 2 0 J J Kbelmen prepared the tetrahydrale by dissolving uranosic 
oxide m an excess of hot cone sulphuric acid, and evaporating the soln m vacuo 
The mother liquor contains uranyl sulphate It is better, however, before evapor- 
ating the soln , to mix it with a little alcohol and expose it in a closed flask to sun- 
light \ Kohlschutter obtained this salt by triturating uranous oxalate with cone, 
sulphuric acid, pouring the mush into alcohol, and cashing the crystals successively 
with alcohol and ether F Giolitti and G Bucci exposed to direct sunlight a 
mixture of a gram of uranyl sulphate, 12 grms of water 6 gims of alcohol, and 
3 12 to 4 68 grms of sulphuric acid, or a gram of uranyl sulphate, 6 grms of 95 per 
cent alcohol and 0 9 grin of sulphuric and ,1 Aloy and G A uber added in small 
poi turns at a time powdered or a cone soln of sodium hyposulphite to a 5 to 10 per 
cent soln of uranyl sulphate until a precipitate begins to form This is dissolved 
by adding a few drops of sulphuric acid, and the green soln treated a ith its own vol 
of 90 per cent alcohol The precipitate is washed with dil aq alcohol, dissolved 
m dil sulphuric acid, and the soln evaporated at a moderate heat— a 60 per cent 
yield was obtained The tetrahydrate appears as a pale green powder, or else in 
dark green, rhombic, bipyramidal cr)stals, which, according to W F Hillebrand 
and W H Melville, are lsomorphous with the coi responding hydrate of thorium 
sulphate, Th(S0 4 ) 2 4H 2 0, and have the axial latios a b c -0 7563 1 0 3805 
L Fernandes found that tho tetrahydrates U(S0 4 ) 2 4H 2 0 and Zr(S0 4 ) 2 4H 2 0 aie 
lsomorphous and form mixed crystals over the range 99 14 to 10 3 per cent of the 
zirconium salt, the crystals are also lsomorphous with the corresponding com- 
pounds of cerium and thorium J J Ebelmen added that the ciystals are stable 
in air V Kohlschutter supposed that a second form of the tetrahydrate exists, 
2U(80 4 ) z 8H 2 0, or U 2 (B0 4 ) 4 8H z O, which is produced by evaporating the soln m 
dil sulphuric acid , but F Giolitti and G Bucci could not verify this — vide tnfra 
N A OrlofI obtained the octohydrate , U(S0 4 ) 2 8H Z 0, by exposing to sunlight for 
some hours a soln of uranyl sulphate in alcohol in the presence of some sulphuric 
acid , whilst F Giolitti and G Bucci recommended a soln containing a gram of 
wanyl sulphate, 4 grms of water, 2 grms of 95 per cent alcohol, and 0 863 grin 
of sulphuric acid G N Wyrouboff mixed uranyl Bulphate or a soln of uranosic 
oxide m cone Bulphunc acid with alcohol, and stirred the warm soln. for 2 or 
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3 hrs. The product is then dissolved in dil. sulphuric acid, and the uranous sulphate 
precipitated by alcohol. The product is heated to 200°, and when cold dissolved 
in water, and allowed to crystallize at ordinary temp, over Bulphurio acid. The 
green crystals, said F. de la Provostaye, are stable in air. According to 
G. N. Wyrouboff, the monoclinic prisms are isomorphous with the crystals of the 
corresponding thorium sulphate, Th(S0 4 ) 2 .8H 2 0, and have the axial ratios 
a : b : c— 0-7190 : 1 : 0-5692, and j8— 93° 24'. F. de la Provostaye thought the 
crystals were rhombic. R. J. Meyer and H. Nachod prepared the octohydrate by 
the electrolytic reduction of a standard soln. of uranyl sulphate containing 2 mols of 
cone, sulphuric acid per mol of the crystalline salt, and precipitating the soln. 
with alcohol, or else evaporating it at 75° or over sulphuric acid. If the Boln. be 
evaporated at 93° to 95°, the tetrahydrate is formed, and it is also produced by 
gradually adding cone, sulphuric acid to the Boln. between 0° and 70° until pre- 
cipitation ceases. The precipitation of the two hydrates from soln. thus depends 
on acidity. The octohydrate is irreversibly converted into the tetrahydrate at 
68° ; it is less soluble in 0-ljV-H 2 S0 4 than in water ; whilst below 55°, the tetra- 
hydrate is the more soluble, indicating the presence of complex ions. The solubility 
curves for the two hydrates in sulphuric acid soln — vide supui , Fig. 12 — intersect at 
26°, but this is not a transition point ; both hydrates are stable in soln. between 
15° and 92°. The depression of the f.p. shows that the tetrahydrate has twice the 
mol. wt. of the octohydrate in JJV- to ~ZV- soln. in 0-]A T -H 2 SO 4 . For the Qcto- 
hydrate (mol. wt. 574) the mol. wts. arc 6G-2 and 51-0 respectively for soln. with 
2-687 and 0-336 per cent. U(S0 4 ) 2 ; and for the tetrahydrate the mol. wts. are 
119 and 78 respectively for soln. with 2-687 and 0-336 per cent. U(S0 4 ) 2 . 

F. Giolitti and G. Liberi reported the pentahydrate , U(S0 4 ) 2 5HoO, as a pale green 
incrustation produced by the interaction of uranyl sulphate, water, 95 per cent, 
alcohol, and sulphuric acid, in the respective proportions by weight : 1, 4, 0-5, and 8 ; 
as well as the kexahydrate , U(S0 4 ) 2 .6H Z 0, in mammillary masses of pale green 
crystals, by the action of these constituents in the respective proportions by weight : 
1, 4, 0-9, and 8 ; and 1, 4, 1 -86, and 6. E. M. P^ligot prepared crystals of the ennea - 
hydrate , U(S0 4 ) 2 .9H 2 0, by heating a mixture of uranium tetrachloride and sulphuric 
acid so as to drive off the hydrochloric acid, and allowing the green product to 
crystallize from an aq. soln. C. F. Rammelsberg obtained this hydrate by crystalliza- 
tion from a soln. of uranium dioxide in boiling cone, sulphuric acid, and he showed 
that the product obtained by E M. Peligot, and thought to tie the octohydrate, 
is really the enneahydrate. G. N. Wyrouboff added that the enneahydrate is 
formed only from a feeble acidified soln., and he obtained it by treating a cold soln. 
of uranyl sulphate with sodium thiosulphate, and dissolving the precipitate in dil. 
sulphuric acid. The soln. is treated with alcohol, and the precipitate dissolved in 
the least possible quantity of dil. sulphuric acid. The soln. is allowed to crystallize 
over sulphuric acid. The green, monoclinic prisms were found by C. F. Rammels- 
berg to be isomorphous with the corresponding thorium sulphate, Th(S0 4 ) 2 .9H 2 0, 
and to have the axial ratios a : h : c==0*5970 : 1 : 0-6555, and 97° 49'. At first 
(J. F. Rammelsberg mistook twinned monoclinic crystals for rhombic crystals. 
The (lOO)-cleavage is complete ; and the (Oll)-cleavage is clear. G. Beck gave 
4-60 for the sp. gr. of U(S0 4 ) 2 , and 94-1 for the mol. vol. ; he also gave 78 cals, for the 
heat of formation from the oxides. 

G. N. Wyrouboff observed that the crystals of the enneahydrate lose a mol. of 
water when exposed to air ; and C. F. Rammelsberg found that when the crystals 
are heated, water is slowly evolved- five-sixths of the total water is expelled at 
200° ; at 230°, 7 mols. are given off, and at a red-heat all the water along with some 
sulphuric acid is expelled ; at a higher temp, all the sulphur trioxide is expelled 
and uranosic oxide remains. F. Giolitti and G. Bucci showed that the octohydrate 
loses a mol. of water when kept in a desiccator for 60 hrs., and when kept for 31 hrs., 
at a press, of 19 to 20 nim.H mols. of water are lost ; and the remainder very slowly. 
The rate at which water is lost when the octohydrate is kept in a desiccator over 
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sulphuric acid furnishes a dehydration curve which has breaks corresponding with 
the heptahydrate , U(S0 4 ) 2 .7H 2 0 ; the tnhydrate , U(S0 4 ) 2 .3H 2 0 ; and the dihydrate , 
U(S0 4 ) 2 .2H 2 0. When the octohydrate is heated in the absence of air, it passes into 
the tetrahydrate at about 90°, and into the anhydrous salt at about 300°, and at a 
higher temp, ur&nosic oxide is formed. At 100°, in a water-oven, the dihydrate is 
formed in 8 hrs. — and only another 0*52 per cent, of water is lost in 8 hrs. more. 
G. N. Wyrouboff found that the octohydrate loses 6£ mols. of water at 120° and 7j at 
200 p . The salt always loses some sulphuric acid when the attempt is made to de- 
hydrate it completely. F. Giolitti and G. Bucci found that the tetrahydrate quickly 
Joses a mol. of water when under 19 to 20 mm. press., forming the trihydratc. The 
tetrahydrate behaves very like the octohydrate when it iR heated. J. J. Ebclmen 
reported that normal uranyl sulphate is formed when hydrated uranous sulphate is 
heated in air. F. W. O. de Coninck observed that if uranous sulphate be gradually 
heated, the upper layer at a dull red-heat forms uranyl sulphate, while the layer 
underneath loses sulphur trioxide to form uranium dioxide, which passes partly into 
uranosic oxide and partly into what he regarded aB uranium hemipentoxide. 
G. Beck gave 78 Cals, for the heat of formation of U(S0 4 ) 2 . H. Becquerel studied 
the absorption spectrum. Uranous sulphate, even in acidic soln., is a strong reducing 
agent— eg . it precipitates gold and silver from soln. of their salts — mde supra , 
uranous chloride. R. Luther and A. G. Michie found that the reducing action is 
accelerated catalytically by the presence of copper salts, and to a less degree by 
platinum black and by mm salts. The oxidation-reduction potential, taken as a 
measure of the oxidizing or reducing power of a soln , was determined by H N. McCoy 
and II. H Bunzel for a soln of uranyl and uranous salts with an immersed platinum 
electrode, for E=E Q 4 0*0298 log 10 (LU0 2 ]/|U]ff 0 was found to be 0-615 volt, in the 
presence of 0-125Jlf-lI 2 SO 4 , when the value for iron in neutral soln. is 0-987 volt, 
and for 0-05Af-IICl soln., 0-981 volt. The lower value for uranium than for iron ia 
in accord with the greater velocity of oxidation of uranous salts by ait than is the 
case with ferrous salts R. Luther and A. C Miclue found that a soln. of uranous 
and uranyl salts in sulphuric acid is 0-697 volt more positive than tho normal 
hydrogen electrode - vide supra , uranium dioxide. 

When the hydrated salt is heated in hydrogen, J. J. Ebelmen observed that it 
is converted into the dioxide The tetra- and octohydrates, as indicated above, 
are stable in air, but the enneahydrate loses a mol. of water. The aq. soln. rapidly 
absorbs oxygen from the air, forming a yellow liquid. F. W. O. de Coninck, 
E. M. P^ligot, J. J. Ebelmen, and V. KohlHchutter said that the tetrahydrate 
dissolves in water, but is quickly hydrolyzed, with the separation of a basic salt ; 
the degree of hydrolysis depends on the temp ; if the mixture be exposed to air, 
the precipitate gradually passes into soln. as oxidation occurs. F. W. O. de Coninck 
said that 100 grms. of the sat. aq soln. at 9-1° has 15-07 grins. U(S() 4 ) 2 ; at J 1*3°, 
15-96 grms. ; and at 13°, 16-02 grms The soln in darkness slowly deposits a 
basic salt. According to F. Giolitti and G. Bucci, the solubilities of the tetra- 
hydrate and octohydrate expressed as S grins, of U(S0 4 ) 2 pet 100 grma. of sat. 
soln. are : 

12° 24* 37° 48 2° 63° 18” 26 5* 37® 48 2® 07® 03° 

& . 16-0 9-8 8-3 8-1 7-3 10 7 13-32 19-08 28-72 30-8 03-2 



U(S0 4 ) t 41I a O V (b0 4 ), 8H a O 

Soln. of the octohydrate arc stable between 18° and 105°. The separation of the 
tetrahydrate is very sluggish, and the exact temp, of the transformation has not 
been determined. At a temp, below 18° or 20° the octohydrate is the stable form 
in which nranous sulphate crystallizes from its aq. soln., because its solubility is 
then less than that of the tetrahydrate ; but above, say, 20° the octohydrate is the 
metastable form and the tetrahydrate the stable form. The transformation of the 
octohydrate into the tetrahydrate occurs between 68° and 87°, and hence takes 
place when the octohydrate is in a metastable state. Below 25° the Bat. solo, is 
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liable to deposit a basic salt as a product of the hydrolysis. F. W. 0. de Coninck 
found the sp. gr. of aq. soln. of uranous sulphate containing p per cent, of salt 
between 15’6° and 18-3° : 

p . 1 2 4 6 8 10 per cent. 

8p.gr. . 1-0058 1 0107 1-0218 1 0320 1-0420 1-0530 

The soln. on electrolysis behaves like a soln. of uranyl sulphate (q.v.). E. M. Pfligot 
found that when the normal salt is treated with an excess of water, nranons 
oxysulphate, U0S0 4 .2H 2 0, is formed as an insoluble precipitate. F. Giolitti and 

G. Bucci observed that when the octohydrate is treated with a large proportion of 
cold water, it is mostly dissolved, but about 25 per cent, is converted into a green 
powder of the oxysulphate — the amount so converted depends on the temp. If the 
octohydrate be acted upon by a small proportion of water, the basic salt at first 
formed slowly dissolves, forming a soln. of the normal salt. J. J. Ebclmen found 
that soln. of uranyl sulphate in dil. alcohol may deposit this basic Balt when exposed 
to sunlight ; and a soln. of uranosic oxide in sulphuric acid may deposit this salt 
when it is boiled ; on cooling, however, the precipitate may re-dissolve. 
C. F. Rammelsberg obtained the same basic salt by adding ammonia, cautiously, 
to a soln. of the octohydrate- if too much ammonia be added, uranous hydroxide 
is formed. The dihydrate is a pale green powder, almost insoluble in water. 
J. J. Ebelmen found that with a large proportion of water, especially boiling water, 
the salt blackens and sulphuric acid is formed. F. Giolitti and G. Liberi also 
obtained the pentakydrate , L T ()80 4 .5H 2 0, as a pale green powder. According to 
F. W. O. de Coninck, water can convert the normal octohydrate into ur&QOUfl 
hexoxytetrasulphate, U 5 0 6 (S0 4 )4.8H 2 0. or U0 2 .4U0S04.8H 2 0, which is less 
soluble in acids than is the case with the oxysulphate. F. Giolitti and G. Liberi 
reported uranous trioxypentasulphate, U 4 03(S0 4 )5.32H 2 0, or 3U0S04.l ] (S0 4 ) 2 . 
32H 2 0, as a pale green powder ; when the dotncontahydrcUe it\ dried in air, 
it furnishes the icosihydratc , 3UOSO 4 .U(SO 4 ) 2 .20H 2 O ; the pentad ecahy dr ate, 
3U0S0 4 .U(S0 4 ) 2 .15H 2 0 and the deeahydrate , 31J0S0 4 .U(S0 4 ) 2 .10H 2 0. 

J. J. Ebelmen found the tetrahydrate to be very soluble in dil. hydrochloric 
aoid, but much less soluble in the cone. acid. F. W. O. de Coninck observed that 
100 parts of the acid diluted with four vols. of water dissolve 17-24 parts of the 
octohydrate at 9*2°, and 17-42 parts at 9-7° ; and that the sp. gr. of a soln. of p 
per cent, of the salt in hydrochloric acid of sp. gr. 1-046, between 16° and 18*4°, 
are as follow : 

p . . 1 2 3 4 5 

Sp.gr. . 1 0525 1-0572 1 0619 1 0667 1 0714 

At 100 parts of hydrobromie acid, diluted with 4 vols. of water, dissolve 

25 parts of the octohydrate. J. J. Ebelmen observed that the hydrated salt is 
freely soluble in dil. sulphuric, but less soluble in the cone. acid. R. J. Meyer and 

H. Nachod found for the solubility, S gnus, of U(S0 4 ) 2 per 100 grins, of solb'^df the 
octohydrate in 0*liV-ILSO 4 : 

15 5° 20-0° B0-4* 40*0° 60-0 p 

S . 6-61 8-78 13-89 18-50 29-03 (6-61) 

where the bracketed number refers to the formation of a less soluble polymer of 
the tetrahydrate. The solubility data for the tetrahydrate are : 

22 7 ° 20 0° 30-4° 40 0° 60-0° 80 0° 

S . 13-68 12-62 10-02 8-08 8-32 6-93 

The results are plotted in Fig. 13, where the dotted lines refer to the data of 
F. Giolitti and G. Bucci for aq. soln., Fig. 12. F. W. O. de Coninck found that 
100 parts of sulphuric acid, diluted with 4 vols. of water, dissolve 15-5 parts of the 



URANIUM 


103 


octohydrate At 10° ; and that soln. with p per cent, of the octohydrate in sulphuric 
acid of sp. gr. 1-14, between 17-4° and 18-7°, have the following sp. gr. : 

2 

1-0672 


Sp. gr. 


1 

10520 


3 

1-0619 
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10667 


5 

1-0714 
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V. Kohlschiitter found that the soln. in dil. sulphuric acid is readily oxidized ; and 
F. Giolitti and G, Bucci observed that uranous sulphate dissolved in 10 per cent, 
sulphuric acid is not hydrolyzed. C. F. Rammels- 
berg showed that the soln. of the salt in very dil. 
sulphuric or hydrochloric acid becomes turbid when 
heated, but clarifies again on cooling. If cone, 
hydrochloric or sulphuric acid be added to the aq. 
soln., the salt is precipitated without having changed 
chemically. V. Kohlschiitter poured a mush of 
uranous oxalate and eonc. sulphuric acid into just 
enough water for dissolution, and found that the soln. 
solidifies in a short time, and after washing the Fro. 13. -Solubility of Uranium 
product with absolute alcohol, by suction, there Sulphate in Sulphuric Acid, 
remained what appeared to he uranous dihydro- 

pentasulphate, 2 U(S 0 4 ) 2 .H 2 S 0 4 , or l T 2 H 2 (S0 4 )-,. F. Giolitti and G. Bucci reported 
uranous dihydrotrisulphate, U(S0 4 )» H 2 80 4 IOH 2 0, or liH 2 (S0 4 )j.loH 2 0, to be 
formed as a pule green powder, by the interaction, in sunlight, of a mixture of 
42 gnus of uranyl sulphate, 168 grms. of water, 336 grms. of alcohol, and 4i grins, 
of sulphuric acid. 

F. W. O. de Poninck reported that 1(X) parts of selenic acid of sp. gr. 1*4, 
diluted with 4 vols. of water, dissolve 21-46 parts of the salt at 10-7°, and 21-88 
parts at 11-4" ; 100 parts of nitric acid, diluted with 4 vols. of water, dissolve 
18*08 parts of the salt at 10-3\ and 18-5 parts at 1 1-2° ; 100 parts of 94 per cent, 
alcohol, diluted with 4 vols. of water, dissolve 12-19 parts of the salt at 9-6°, 
and 12-5 parts at 10-4° ; 100 parts of acetic acid, CH 3 C00H.H 2 0, diluted with 4 vols. 
of water, dissolve 24-4 parts of the salt at 15-5° ; and the solubility in glycol at 
14-8 f is 3-15 per cent. V. F. Rammelsberg's observation on the action of ammonia 
on the aq. soln. of the salt is indicated above. G. N. Wyrouboff found that the 
aq. soln. when treated with barium chloride and w’armed gives a precipitate of a 
uranous salt and a liquid containing sulphuric acid, consequently he inferred that 
soln. contains a complex salt ; and this conclusion is in agreement with that of 
F. Giolitti and G. Bucci, cited above. F. W O. de Coninck stated that platinum 
tetrachloride has no action on a very dil. soln. of the salt either in diffused daylight 
or in darkness ; hut in direct sunlight the uranous sulphate is oxidized to uranyl 
sulphate, which then hydrolyzes to form a basic salt. 

C. F. Rammelsberg reported that a soln. of ammonium and uranous sulphates 
furnishes dark green needles of ammonium uranous tetrasulphate, (NH 4 ) 4 U(S0 4 ) 4 . 
The salt is freely soluble in water ; and when heated, the soln. deposits a basic 
salt ; with potash-lye the salt gives off’ ammonia and forms uranous hydroxide. 
V. Kohlschutter reported ammonium uranous hexasulphate, (NH 4 ) fl U(8()4) 6 .3H z O, 
to be formed by evaporating a soln. of uranous sulphate in a cone. soln. of am- 
monium sulphate mixed with just enough sulphuric acid to prevent turbidity. 
The dark green pyramids soon decompose ; potassium uranous trisulphate, 
K2U(S0 4 )jj. 2H 2 0, forms green plates. C. F. Rammelsberg represented the salt as 
a monohydrate and said that it is slightly soluble in water. 

J. J. Ebelmen, 3 and A. von Unruh obtained anhydrous uranyl sulphate* 
(U0 2 )S0 4 , by heating one of the hydrates to 300°, and F. W 0. de Cniunck, by 
heating the hydrate to 175°. According to A. C. Schultz-Sellack, the anhydrous 
salt is formed by evaporating a soln. of the salt in cone, sulphuric acid. The 
amber-yellow crystals do not effloresce ; they can be heated to dull redness without 
decomposition ; and, according to J. J. Ebelmen, when exposed to air they take 
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up about 3 mols. oi water. K. Bruckner found that at a red-heat, in sulphur vapour, 
a mixture of uranous and uranosic oxides is formed. J. A. Arfvedson dissolved 
uranosic oxide in hot, cone, sulphuric acid, diluted the soln. with water, and 
oxidized the solute by the addition of nitric acid. J. J. Ebelmen evaporated a 

soln. of ur&nyl nitrate with sul- 
phuric acid to dryness, expelled the 
excess of acid by heat, dissolved 
the residue in water, and evaporated 
the soln. to a syrupy consistency. 
When the soln. is allowed to stand 
for some time, it deposits crystals 
of the trihydrate, (UOaJSO^.SHgO. 
F. W. 0. de Coninck triturated 
uranyl sulphate with potassium or 
sodium hydrosulphate in a porce- 
lain mortar, and as in some of 
0 n & - % joq W. Spring’s experiments, the solids 

Grams HgSQ, per toogrms . ofsobthn interact ; on extracting the product 

Fig. 14. — Equilibrium Curves of the Ternary with water and crystallizing, the 
System : UO ,80 4 -H ,0 at 25°. trihydrate iB produced. H. Les- 

coeur obtained the monohydrate , 
(U0 2 )S0 4 .H 2 0, by adding an equal vol. of cone, sulphuric acid to a sat. soln. of 
uranyl sulphate ; and also by heating the trihydrate to 160 ° — vide infra — 
while F. W. O. de Coninck found that the trihydrate passes into the mono- 
hydrate between 110° and 115°. The monohydrate takes up 2 mols. of water on 
exposure to air, reforming the trihydrate. J. J. Ebelmen, and C. F. Bucholz 
represented the trihydratc by (U0 2 )S0 4 .3JH 2 0, but E. M. .Peligot showed that 
(U0 2 )S0 4 .3H 2 0 is the correct formula. A. Colani’s results for the system 
U0 2 S0 4 --H2804-H 2 0 at 25° are summarized in Fig. 14. The curves are plotted 
from data of which the following are selected. The concentrations are expressed 
in grams per 100 grins, of solution. 

U0,B0 4 . . CMS 58-96 28-65 15-77 17-03 17-74 3-81 7-09 

K 1 S0 4 (free) . 0 1-64 26*99 43-45 40-19 47-75 67-40 72-49 

' V * A ' 

UO a S(> 4 3H a O U0|S0 4 .2H|0 UOjSO 4 .H,S0 4 5H a O 

U0 t S0 4 . 7-09 6-74 16-90 19-65 17-76 7-81 3-77 

H b S 0 4 (free) . 72-49 75-33 7M4 68-93 71-52 82-86 89-62 

" 

U0 l S0 4 .U ft S0 4 .2H a 0 U0 i S0 i .H i 80 4 .|H i Q 

C. F. Bucholz described the crystals of the trihydrate as yellow prisms. 
P. F. Reinsch said that under the microscope the crystals appear dark bluish-yellow 
with a green shimmer, forming groups resembling asters. F. W. Clarke gave 
3*280 for the sp. gr. at 16‘5 0 /4°. G. Beck gave 5-24 for the sp. gr. and 69-9 for the 
mol. vol. of U0 2 (S0 4 ). According to J. J. Ebelmen, the crystals of the trihydrate 
slowly lose about a mol. of water and effloresce on exposure to air ; they lose 2 mols. 
of water at 100°, and the third mol. begins to escape at 150°, and all is expelled at 
300° ; and C. F. Bucholz added that when calcined in air, uranosic oxide is formed. 
F. W. 0. de Coninck said that at 106° to 11 0°, 2 mols. of water are given off ; at a 
higher temp, a little Bulphuric acid is loBt ; at a dull red-heat some uranium 
trioxide is formed ; at bright redness, uranium dioxide ; and with continued 
calcination uranosic oxide is formed. H. Lescoeur found that the vap. press., 
p mm., of (U0 2 )80 4 .wH 2 0, iB : 

n . Sat. soln. 2-76 2-3 1-7 1-3 M 1*0 

V 10-8 11-0 9-8 9-7 9-2 4-5 <2 

A. H. Fareau eIbo made some observations on this subject, G. Beck gave 50 Cals. 
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for the beat of formation. P. Pringsbeim and M. Ypflt studied the Raman effect ; 
and C. Ouellet, the photolysis of soln. containing uranyl sulphate. J. J. Ebelmen 
observed that when the salt is heated to redness in hydrogen, water and sulphur 
dioxide are first given off, then hydrogen sulphide and sulphur, and finally uranium 
dioxide, free from sulphur remains. F. W. 0. de Coninck represented the reaction : 
(U02)S04+2H a =U02-+S02+2H 2 0. The trihydiate is freely soluble in water. 
According to C. F. Bucholz, 100 parts of water at ordinary temp, dissolve 166 parts 
of salt, and boiling water, 222 parts of salt ; whilst J. J. Ebelmen said that 100 
parts of water at 21° dissolve 212-7 parts of salt, and boiling water, 357 parts ; 
and F. W. O. de Coninck found that 100 parts of water at 13*2° dissolve 18-86 parts 
of salt; at 141°, 19-37 parts; at 15°, 20-20 parts; and at 15-5°, 20-40 parts. 
F. W. 0. de Coninck found that aq. soln. of p per cent, of the salt, between 10° and 
15-6° have the following sp gr. : 


p . . 1 2 4 6 8 10 12 

6p.gr. . 1-0062 1-0113 1-0229 1 0338 1 0442 1-0557 1-0669 

C. Dittrich measured the lowering of the f.p. of water, 0°, of soln. with n mols of 

the salt per litre, and hence calculated the mol. wt. and degree of dissociation, a : 


n 

9° 

Mol. wt. 


0-5 

0-908° 

430-0 

0-14 


0-25 

0-470° 

390-7 

0-06 


0125 

0-256° 

347-8 

0-05 


0-0625 

0-134° 

324-5 

0-13 


0-03125 

0-074 9 

290-3° 

026 


These data show that in dil. soln. the sulphate is less ionized than the chloride or 
nitrate. F. W. O. de Coninck gave 5-5 Cals, for the heat of sola, at 17*3° ; and 
J. Aloy, 5-1 Cals, for a mol of the trihydrate in 100 to 2500 mols of water at 18° to 
20°. G Beck gave 50 Cals, for the heat of formation from the oxide. F. W. O. de 
Coninck gave 1-365 for the index of refraction of an 8 per cent, soln., and 1-371 for 
a 10 per cent soln. The absorption spectrum was studied by H. C. Jones and 
W. W. Strong ; and the Becquerel effect, by I. LifBchitz and S. B. Hooghoudt. 
For the fluorescence, mde supra , the physical properties of uranium. H. M. Vernon 
estimated the degree of ionization from the colour. C. Dittrich gave for the con- 
ductivity, A mho, of a soln. of an eq., i.e. half the mol U0 2 S0 4 , in v litres at 25° : 

v 4 8 16 32 64 128 256 512 1024 

A' . 17-1 20-5 26-5 32 0 41-5 63-2 67-7 85-2 103-4 

As in the case of the chloride and nitrate, the difference A 1024 — A3£=-7r4 is unusually 
high. This is taken to mean that the ionization occurs in Btages. C. Dittrich 
found that the migration velocity of the uranyl ion, in aq. soln. at 25°, is 56 The 
values for the eq. conductivity, A, by H. C. Jones and co-workers, and the percentage 
ionization, a, are : 


V 

8 

32 

128 

512 

1024 

204B 

4096 

(35° . 

168 81 

201 03 

158-21 

333-38 

377-29 

428-71 

484-32 

A 50° . 

179 79 

223-69 

288-77 

381-83 

436-05 

512-04 

597-28 

(65° . 

197-94 

240-24 

309-93 

416-68 

488-19 

582-85 

60401 

j35 Q ■ 

32-79 

41-51 

53-31 

68-83 

77-90 

88-52 

100-00 

q (65° . 

28-52 

34-62 

44-66 

60-04 

70-34 

83-98 

100-00 


The results of L. G. Winston and H. C. Jones between 0° and 35° are : 


v 

8 

32 

128 

512 

1024 

2048 

4096 

(0° . 

78-13 

100-65 

128-62 

157-54 

175-08 

191-68 

203-33 

A 25° 

120-82 

156-80 

203-02 

257-69 

296-95 

332-57 

373-05 

|35° . 

136-43 

176-52 

229-42 

205 20 

343-01 

391-00 

446-33 

10° . 

38-4 

49-5 

03-2 

77-5 

80-4 

94-2 

100-0 

a 25° . 

32-3 

42-0 

54-3 

69-0 

79-5 

89-0 

100-0 

135° . 

30-6 

39-6 

51-4 

06-2 

70-9 

87-fl 

100-0 


F. W. 0. de Coninck found that when soln. of uranyl sulphate are electrolyzed in a 
U-tube, cooled by immersion in water, there is first deposited on the negative 
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electrode tbe yellow, hydrated oxide, U 2 0g.2H 2 0, and finally a greenish precipitate 
consisting of the oxide and a small proportion of a basic sulphate. A. S. Russell 
and D. C. Evans found that metals more electropositive than mercury, except 
cobalt, go into soln. as sulphates, without the accompaniment of mercury, when 
the amalgams are shaken with uranyl sulphate soln. The order is not that of the 
electrode potentials of the metals in the free state, being : Zn, Mn, Cd, Tl, Sn, Pb, 
Cu, Cr, Fe, Bi, Co, Hg, Ni. 8. Freed and C. Kasper studied the magnetic suscepti- 
bility of the salt. 

0. Dittrich found that the conductivity increases as the soln. ages with time, 
probably owing to hydrolysis. Thus, L. R. Lecanu noted that the soln. is acidic 
to litmus. L. Bruner studied the hydrolysis of the salt. A number of basic 
salts has been reported. N. Athanasesco reported uranyl trioxysolphate , 
(U0 2 )403S04.7H 2 0, as a dirty yellow mass of microscopic needles, to be formed by 
heating a 15 per cent. soln. of uranyl sulphate at 250°. The water is expelled only 
at a high temp., and some of it is constitutional water. J. M. Ordway found that 
the addition of barium carbonate to cold, aq. soln. of uranyl sulphate withdraws 
about two-thirds of the sulphate, and this corresponds with the formation of uranyl 
dioxysulphate, (Uf^gOgSOt.nHgO. Barium chloride, nitrate, or acetate also 
furnishes basic uranyl salts. N. Athanasesco obtained the dihydrate , 
(U0 2 )g0 2 S0 4 .2H 2 0, by heating a 3 per cent. aq. soln. of uranyl sulphate at 250°. 
The lemon-yellow, micro-crystalline powder is insoluble in and undecomposed by 
water. The mineral UTaoonite, from Joachimsthal, Bohemia, described by J. V. Vogl 
as Uranocker, and by F. S. Beudant under the name urocomte, is an amorphous, 
lemon-yellow or orange, scaly or earthy, amorphous powder with a composition 
approximating the leiradecahydrale , (U0 2 ) 3 0 2 S04.14H 2 0. A. L. Fletcher noted 
that softening begins at 1050°, and fusion at 107(V*. J. M. Ordway treated 
an aq. soln. of uranyl sulphate with ammonia until half the acid radicle was 
neutralized, and obtained a white precipitate approximating uranyl oxysulphate, 
(U0 2 ) 2 0S0 4 .wH 2 0. 

A number of more or leas basic BulphatoB has been described as minerals. J. F. Julm 
described VranvitrioU from Joachimstlial, and Johanngeorgenatadt, which W. Haidinger 
named johannlte — after Archduko Johann of Austria. C. U. Shepard also obtained it 
from Middletown, Connecticut . The analysis reported by J. F. Vogl indicates JJ7-72 per 
cent. U,O a ; 20-02, SO a ; 5-99, CuO ; 0-20, FeO ; and 5-59. H z O. It* colour is emerald - 
green or apple-green ; the crystals are flattened, and are arranged in roncentric druses or 
reniform masses. The pleochroism is strong — a is colourless, 6 pale yellow, and r greenish- 
yellow or canary-yellow. B. Jezek referred the mineral to the monoclinic system, but 

E. 8. Larsen and H. Berman said the optical properties do not permit this orientation, 
since the extinction is not parallel to the h-axis. E. S. Larsen and CL V. Brown described 
a hydrated uranium sulphate, containing some copper, iron, and sodium, from Gilpin 
County, Colorado, and Cornwall. England, and they called it gilpimtc. E. S. Larsen and 
H. Berman consider that the physical properties of gilpimte and johanmte are so much alike 
that the two minerals can be considered to be the same species. The chemical analyses of 
both agree better with (Cu,Fo ( Na z )0.U0jS0*.4H 8 0 than with CuO. 3U0 3 .3S0 v 4H a 0 ; the 
minerals are triclinic, with the axial ratios a : b : c~ 1-218 : 1 : 0-6736, and a = 69° 24\ 
0=124° 66', and y = 132° 56'. The optic axial angle 2 V is nearly 90° for Na-light. The 
mineral shows polysynthetic twinning in two directions, and resembles that of plagioclaae. 
B. Jezek gave 3-307 for the sp. gr. Jfl. 8. Larson and H. Berman found that the indices of 
refraction arc a- 1-572 to 1-577, 0=1-592 to 1-597, and y -1-611 to 1-016. The subject 
was also discussed by E. 8. Larsen and U. V. Brown. The sp. gr. is 3-19, and tbe hardness 
2-0 to 2-5. H. Dauber described lemon-yellow crystals of a hydrated basic sulphate from 
Joachimsthal, Bohemia, containing 79-9 per cent. UO s ; 4*0, S0 3 ; and 14*3, H a O. A 
basic uranium sulphate from Joachimsthal, Bohemia, was called by J. F. John verwtfterter 
Vra/nvvtrvol ; by F. X. M. Zippe, UranbllUhe ; by W. Haidinger, zlppetto — after F. X. M. Zippe; 
and by M. Adam, dauber Ue — after H. Dauber. It occurs in sulphur-yellow, lemon-yellow, 
or orange-yellow delicate needles, acicular rosettes, or warty crusts of hardness 3. 
A. L. Fletcher gave 1260° for the fusion temp. E. 8. Larsen gave for the indices of 
refraction of zippeite a— 1-030, and 0— 1-70 ; and a- 1-630, 0=1-689, and y=l-739 ; and 

F. Slavik gave p= 1-034 to 1-645. The analyses reported by J. F. Vogl have 02-04 to 
67-86 per cent. U 3 O g ; 13 06 to 17-36, S0 3 ; 0-17, Fc 3 0 3 ; 0-61, CaO ; and 15-23 to 17*69, 
HjO. ^ - F. Vogl described a basic sulphate from Joachimsthal, Bohemia, which J. D. Dana 
ealk-d vogUanlte. it occurs m green, globular and nodular, earthy coatings and has the 
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mtymt i 79-60 to 79*60, UjO| ; 12-13 to 12*34, S0 s ; 012 to O-Sfl, FeO ; 2-24, CuO; 0-05 
to 1-66, CaO ; and 5-25 to 5-40, H a 0. The mineral was also described by F. Slavik. 

F. W. 0. de Coninck found that 100 parts of ordinary cone, hydrochloric acid 
at 128° dissolve 29-4 parts of uranyl sulphate, and at 13-6°, 30-76 parts ; 100 parts 
of hydrobromic acid, of sp. gr. 1 "21, at 11-2°, 16-4 parts ; and at 12-9°, 16*9 parts ; 
and 100 parts of sulphuric acid, of sp. gr. 1-138, at 12-7°, 23*25 parts, and at 14°, 
24-39 parts. If the acid be diluted 1 : 4, 100 parts dissolve 27-02 parts of the salt 
at 15-3°, but the salt is less soluble in more cone. acid. He gave for the sp. gr. of 
v per cent, of uranyl sulphate in sulphuric acid of sp. gr. 1*168, between 20-6° and 
22-7°, p=l, 1-1738 ; p=2, 1-1775 ; p= 3,1 1830; 1-1872; and p-5, M918. 

J. J. Berzelius, and A. 0. Schultz-Sellack obtained an acid salt corresponding with 
uranyl pyrosulphate from sulphuric acid soln. ; and with a hot, con c. soln., J. J. Ber- 
zelius obtained uranyl trisulphate, (UO2)8 3 O l0 . E. M. Pftigot, and B. Drenckinann 
also obtained acid salts. G. N. Wyrouboff reported uranyl dihydrotrisalph&to* 
2(U0 2 )S04.H 2 804.5H 2 0 1 to be formed by evaporating at 60° a soln. of a mol of 
uranyl sulphate in 5 molH of sulphuric arid. The pseudotetragonal cubes are very 
fluorescent, and deliquescent ; and they lose 2 mols. of water at 110°. A. (\ Schultz- 
Sellack, and E. M. Pcligot obtained uranyl dihydrosulphate, (U0 2 )S04.H 2 S0 4 . 
(TK) 2 )(HS0 4 ) 2 , by the slow evaporation of a soln. of uranyl sulphate in hot, 
moderately cone, sulphuric acid at about 2<X)°. The greenish-yellow, fluorescent 
crystals are very deliquescent. F. W. 0. de Coninck found that 100 parts of sclenic 
acid, of sp. gr. 1*4, at 15*3°, dissolve 27-U3 parts of uranyl sulphate. 

A. von l T nruh exposed anhydrous UTanyl sulphate for 24 hrs. in an atm. of 
ammonia, and kept the product in a desiccator until it no longer hinelfc of ammonia, 
or until it had a constant weight ; the yellow powder consists of uranyl triammino- 
sulphate, (l 1 0 2 )S0 4 .3NH 3 ; if it bo gently wanned, it forms uranyl diammino- 
SUlphate, (U0 2 )S04.2NH 3 ; and if it, or anhydrous uranyl sulphate, be digested 
with liquid ammonia, a deep orange powder of uranyl tetramminosillphate, 
(r0 2 )S0 4 .4NH 3 , i n formed. According to F. W. 0. de (Coninck, 100 parts of ordinary 
cone, nitric acid dissolve 8*93 parts at 10-8°, and at 12*3°, 9-26 parts of uranyl 
sulphate ; if the arid be diluted with its own vol. of water, 100 parts dissolve 17-8 
parts of salt at 15-4°, and 18-28 parts at 16-4° ; while 100 parts of aqua regia, made 
from equal vols. of nitric and hydrochloric acids, at 15-4°, dissolve 17-H6 parts of 
the salt. 

According to C. F. Bucholz, 100 parts of absolute alcohol at ordinary temp, 
dissolve 4 parts of uranyl sulphate, and boiling alcohol, 5 parts ; and F. W. O. de 
Coninck found that 100 partB of 85 per cent, alcohol dissolve 2-63 parts of the salt 
at 16-7°, and 2-59 parts at 15-8°. C. F. Bucholz, and J. J. Ebelmen observed that 
a soln. of uranyl sulphate mixed with alcohol and exposed to direct sunlight pre- 
cipitates the whole of the uranium as uranous sulphate ; F. Giolitti and C. Bucci 
obtained different products from mixed soln. of different proportions of uranyl 
sulphate, water, alcohol, and sulphuric acid ; and F. W. O. de Coninck found that 
when aq. alcoholic soln. of uranyl Hulphate are exposed to light, a mixture of uranous 
sulphate with a small quantity of basic uranyl sulphate is deposited. The filtrate, 
on exposure to violet or blue light, forms at first a hydrated uranosic oxide, and 
eventually the black oxide, U 4 0 B . F. W. 0. de Coninck said that uranyl sulphate is 
sparingly soluble in organic acids- -e,g. cone, formic and acetic acids. W. T. Anderson 
and F. W. Robinson found that the photochemical decomposition of oxalic acid 
in the presence of a soln. of uranyl sulphate is a reaction of zero order, not greatly 
influenced by temp., and possesses the characteristics desired in an efficient chemical 
radiometer for use in the ultra-violet. The reaction was investigated by 
F. C. Hymas. R. H. Miiller studied the decomposition of lactic acid in the presence 
of uranyl sulphate. The solubility in glycol is 1*15 per cent, at 15 \ If UTanyl 
sulphate is dissolved in a small quantity of water, mixed with an excess of ethylene 
glycol, and exposed to sunlight for 2 hrs., the liquid becomes quite green, and in 
24 hrs. uranous sulphate is precipitated. In glycerol no such action takes place, 
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and even after fifteen months’ exposure only a slight green coloration is obtained. 
This reaction serves to distinguish between ethylene glycol and glycerol. F. W. 0. de 
Coninck observed that uranyl sulphate and calcium carbonate interact when 
covered with water, or when a mixture of the two salts is fused, triturated in a 
mortar, or compressed ; and from 19*97 to 29-33 per cent, of calcium carbonate 
iB converted into sulphate. For J. M Ordway's observations on the action of 
barium carbonate, etc., vide supra. 0. Hahn found that the precipitation of 
uranyl sulphate in the presence of uranium-X is not in harmony with K. Fajan’s 
rule, but is in accord with the rule that an element is precipitated from its soln., 
however dilute, with a crystallizing precipitate when it is built into the crystal 
lattice of the precipitate and thus forms mixed crystals with the ions of tho 
crystallizing precipitate. If this is not the case, tho element remains in the filtrate, 
no matter how sparingly soluble its compound with the oppositely charged 
component of the lattice in the particular solvent may be. F. C. Hymas, 
W. T. Anderson and F. W. Robinson, and W. C. Pierce and co-workers studied the 
effect of uranyl sulphate on the photochemical decomposition of malonic, and 
oxalic acids. R. Rascanu prepared a complex with antipyrine. 

J. A. Arfvedson, and E. M. Peligot evaporated a mixed soln. of uranyl 
and ammonium sulphates and obtained ammonium uranyl disulphate, 

(NH 4 ) 2 U0 2 (S0 4 ) 2 .2H 2 0, on evaporating the soln. 
for crystallization. C. F. Rammelsberg said that 
the crystals appear to be isomorphous with those 
of sodium manganese sulphate, and sodium mag- 
nesium sulphate. F. de la ProvoBtaye described 
the crystals (of the dihydrate) as monoclinic prisms 
with the axial ratios a : b :c - 1-428:1:1-226, 
and jS-~]02°. P. Groth suggested that the com- 
pound may l>c triclinic and isomorphous with the 
K 2 Mn(S0 4 ) 2 .2H 2 0 series, but G. Carobbi could 
find no evidence in support of this. II. Morton 
and II. V. Bolton said that the salt loses all its 
water and forms ammonium diuranyl tnsulphate, 
(NII 4 )2(U0 2 ) 2 (S0 4 ) 3l when it is heated ; the trans- 
formation is attended by changes in the fluor- 
escence and absorption spectra. At a higher temp., 
the salt passes into uranosic oxide. J. A. Arfved- 
son said that the salt is freely soluble in water ; 
and E. M. Peligot, sparingly soluble. E. Rimbach, 
and F. W. 0. de Coninck also prepared the 
dihydrate , (NJI^^UO^SC^^IIgO, by evaporating a soln. of eq. proportions of tho 
component salts in vacuo. A. Colani obtained the di hydrate under the condit ions 
indicated in Fig. 15. 

F. W. Clarke found that the greenish, strongly fluorescent crystals have a sp. gr. 
3-0131 at 21-5°/4° ; they are stable in air and in water. J. Meyer and E. Kasper 
reported ammonium uranyl disulphate. (NH 4 ) 4 H 2 [U0 4 (S0 4 ) 2 ].3H 2 0, and ammo- 
nium potassium uranyl tnsulphate, (NH 4 ) 2 K 4 |TJ0 3 (S0 4 ) 3 ] ; and E. Rimbach, 
unstable ammonium uranyl tnsulphate, (NH 4 ) 4 (LJ0 2 )(S0 4 )3.2H 2 0, to be formed 
like the corresponding potassium salt — vide infra . A. Colani obtained anwinninwi 
diuranyl trisulphate, (NH 4 ) 2 (U0 2 ) 2 (S0 4 )3.5H 2 0, under the conditions indicated in 
Fig. 15. The following is a selection from the data : 

U0,B0 4 . 01 18 01-28 01-32 47-25 35-70 16-40 10-00 1-80 0 

(NH 4 )|S0 4 0 026 0-38 2-00 4-15 7-46 40-G5 42-13 43-25 

T'OjROi 3JT,0 (Mf 4 )*(U0 g )<80 4 ) s 5H 4 0 (NH^UOjXSO^ 2H g O (NH^O* 

E. Rimbach, and H. Burger obtained hydrozylamine diuranyl trisulphate, 
(NH 4 0) 2 S0 4 .2U0 2 H0 4 .5H 2 0, from a soln. of eq. proportions of the component 



& N 6 & & 30 3S10 IS SO 
Owns per too grm soln 

Fig. 15. — Equilibrium Dia- 
gram for the System : 

(N 1 J 4 0 t S0 4 - H jO . 
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salts. The salt is difficult to crystallize on account of its largo solubility. It can 
be obtained from aq. soln. in warty masses of crystals, or precipitated from its aq. 
soln. as a crystalline powder by means of alcohol. It gives no evidence of being 
decomposed by water. H. GrosBmann and B. 8chiiok prepared yellow, six-sided 
crystals of ethylenediamine oranyl disulphate, C 2 H 6 (NH 2 ) 2 (U0 2 )(S04) 2 .4H 2 0, 
which decompose at 285° ; and G. Canneri obtained guanidine uranyl disulphate, 
(C 6 H B N a )2.H 2 S0 4 .(U0 2 )S0 4 .6H 2 0. 

F. W. 0. de Coninck and E. Chauvenet prepared lithium uranyl disulphate, 
Li 2 (U02)(S04)2.4H 2 0, by evaporating, at a low temp., an aq. Boln. of equimolar 
proportions of the component salts ; and F. W. 0. de Coninck obtained sodium 
uranyl disulphate, Na 2 (U0 2 )(S0 4 ) 2 .3H 2 0, by well triturating a mixture of a mol of 
uranyl hydroxide with 2 mols of sodium hydrosulphate, and treating the product 
with water. A. Colani prepared this salt as well as sodium uranyl trisulphate, 
Na 4 (lJ0 2 )(S() 4 )3.3H 2 0 ; and the equilibrium curves of the ternary system 
Na 2 S0 4 U0 2 S0 4 HjjO at 25° are shown in Fig. 16. The following is a selection 
from the data ; 


U0 2 S0 4 . 61*18 61-07 61-31 40*96 32 05 31 50 29*79 1*50 0 

Ntt l SO ft . 0 1-32 6 03 14-66 25 10 25-53 25 72 20*41 20-70 

V— y /V. w - ~ /S— - w y 

UO g B0 4 JiHjO Na 2 dJ0 4 )(S0 4 ) t 3H a O Ntt 4 (0O a )(SO 4 ), 3H 2 0 Ntt a 8O 4 .10H 2 O 

J A. Arfvcdson, J. J. Berzelius, E. M. Peligot, J. J. Ebeliuen, E. Rimbaoh, 
and H. Burger prepared potassium uranyl disulphate, K 2 (U0 2 )(S0 4 ) 2 .2H 2 0, by 



Grd/m Nil SO, per /00 grms of solution 

Fig. 16. — Equilibrium Diagram for the 
System : Na 2 S0 4 -U0 2 S0 4 -H a 0. 



Fig. 17. — Equilibrium Diagram for the 
System : U0 a R0 4 -K s S0 4 -II 2 0. 


crystallization from a soln. of the component salts ; E. Rimbach, and II. Burger, 
from a sulphuric acid soln. of potassium uranyl trisulphate (</.?’.) ; B Drenckmann, 
by evaporating a cone, sulphuric acid soln of 2 mols of potassium hydrosulphate and 
a mol of uranyl nitrate until all the nitric acid is driven off, dissolving the residue 
in hot, cone, sulphuric acid, and cooling the soln. slowly - -finally by a freezing 
mixture ; and F. W. O. de Coninck, by triturating uranyl hydroxide with a large 
excess of potassium liydrosulphatc. J. Meyer and E. Kasper gave the formula 
KH ? LU0 4 (80 4 ) 2 ], as well as K 2 H 4 [U0 4 (S0 4 )2j.2H a 0, for their preparations. 
G. Carobbi found no evidence in support of P. Groth’s suggestion that the crystals 
of the hexahydTate are triclinic and isomorphous with those of the (M&FejZn.COjNi)- 
(K l Rb l Cs,Tl,NH 4 )2(S0 4 )g.6H 2 0 series. A trihydrate was also formed by the process 
last described. F. de la Provostaye said that the lemon-yellow crystals of the 
dihydrate are monoclinic ; they have a greenish fluorescence and are stable in air. 
A. Colani ’s study of the ternary system : K 2 S0 4 - U0 2 S0 4 -lIo0 at 25° is summarized 
in Fig. 17. The following is a selection from the dal a : 
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UOiSO* . 01*18 01*25 01*50 50 20 39*73 0*91 2*30 0*01 0 

K*fiO| 0 0*23 0*45 0*51 • 1*77 2-69 11*17 10-60 10*40 

v * * * « ■ » * 

UO s B0 4 .3H a O K^UO^SO^.S^O KjtUOjKSO^j.aHjO K t 80 4 

According to F. W. Clarke, the dihvdrate has a sp. gr. 3*363 at 19-l°/4°. This salt 
is of historical interest, since in 1896 H. Becquerel first detected the phenomenon 
of radioactivity in the crystals of this salt. J. J. Ebelmen said that the dihydrate 
loses all its water at 120°, and J. J. Berzelius added that it fuses at a red-heat, and 
on cooling, it appears greenish-yellow, but, according to J. J. Ebelmen, the salt is 
not chemically changed. At 22°, 100 parts of water were found by J. J. Ebelmen 
to dissolve 11*11 parts of salt, and boiling water, 19*61 parts. According to 
E. Rimbach, and H. BiiTger, 100 parts of soln. contain 10*41 parts of Balt at 25°, 
and 23*13 parts at 70*5°; in both cases, soln. and solid have the same composition, 
and the salt can be recrystallized many times from water without perceptible change. 
J. J. Ebelmen found that both aq. ammonia and a soln. of ammonium* sulphide 
precipitate hydrated uranium trioxide from the aq. soln. The precipitate is con- 
taminated with adsorbed alkali. J. J. Berzelius found that alcohol does not dis- 
solve the double salt, and precipitates it from its aq. soln. ; whilst J. A. Arfvedson 
added that alcohol extracts some uranyl sulphate from the double salt. According 
to E. Rimbach, a hot soln. of uranyl sulphate with an excess of potassium sulphate, 
say in the mol. proportion 1 : 3, furnishes crystals of potassium uranyl trisulphate, 
K 4 (IJ 0 2 )(S 0 4 ) a . 2 H 2 0 , which are decomposed in aq. Boln. into K 4 (U0 2 )(S0 4 ) a 
^K 2 S0 4 +K 2 (U0 2 )(S() 4 ) 2 . The equilibrium is displaced from right to left, and 
conversely with a falling temp. Jn sat. soln., the soln. is richer in potassium 
Bulphate than the excess of solid. When the salt is recrystallized from a sulphuric 
acid soln., the decomposition iB complete, and crystals of the disulphate are formed. 
A. Oolani prepared potassium diur&nyl trisulphate, K 2 (l T 0 2 ) 2 (80 4 ) a .5H 2 0 ; and 
J. Meyer and E. Kasper, potassium uranyl trisulphate, K 2 H 4 IU0 3 (80 4 ) 3 J.6H 2 0. 
E. Rimbach prepared crystals of rubidium uranyl disulphate, Rb 2 (U0 2 )(S0 4 ) 2 .2H 2 0, 
from a soln. of equimolar proportions of the component salts. The crystals resemble 
those of the potassium salt ; they can be recrystallized from aq. soln. ; but the salt 
is not so soluble as the corresponding potassium salt. E. Rimbach said that 
rubidium uranyl trisulphate, Rb 4 (U0 2 )(S0 4 ) 3 .2H 2 0, can be obtained like the 
corresponding potassium salt, but it is far less stable. J. O. Perrine observed no 
ultra-violet fluorescence in the X-rays. K. W. O. de Coninck prepared ceesium 
Uranyl disulphate, Cs 2 (U0 2 )(80 4 ) 2 .2H 2 (), as in the case of the corresponding sodium 
salt. 

For copper uranyl sulphate, vide svpra , Johannite. J. L. Smith reported what 
he regarded as & hydrated calcium uranyl sulphate, occurring as a mineral near 
Adrianople, Turkey, and at Joacliimsthal, Bohemia. He called it medjidite — 
after the Sultan Abdul Medjid. It occurs as a dark,' amber-yellow incrustation on 
pitchblende. Its hardness is 2*5. A. Breithaupt also described nodular crusts 
of green acicular crystals associated with the pitchblende of Joachimsthal, Bohemia, 
and he called the mineral manochalzit, or ur&DOOhalcite. Its hardness is 2*0 to 2*5 ; 
and its analysis : U a O B , 36*14 per cent. ; S0 3 , 20*03 ; FeO, 0*14 ; CuO, 6*55 ; 
CaO, 10*10 ; and H 2 0, 27*16. A. L. Fletcher gave 970° for the softening temp., 
and fusion occuro at 1110° to 1170°. The molten mineral attacks platinum, 
A. Weisbach described a uranium ochre occurring in yellow, flattened, acicular 
crystals as a velvety incrustation on the uraninite of Johanngeorgenstadt, 
Bohemia. The mineral is called ur&nopilite. The analysis corresponds with 
Ca0.8UO a .2S0 3 .25H 2 0. The sp. gr. is 3*75 to 3*97, F. W. 0. de Coninck and 
E. Chauvenet obtained crystals of magnesium uranyl disulphate, Mg(U0 2 )(80 4 ) 2 . 
5H 2 0, from a soln. of equimolar proportions of the component salts. According 
to M. Kohn, yellow rhombic crystals of th&Uous uranyl disulphate, TlgfUOg^SO^. 
3H 2 0, are produced when a hot, cone. soln. of equimolar proportions of the com- 
ponent salts in dil. sulphuric acid is allowed to cool. Supersaturated soln. of the 
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double salt are readily obtained. The water of crystallization is given off at 100°. 
J. 0. Perrine observed no ultra-violet fluorescence in the X-rays. 
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§ 21. Uranium Carbonates 

When an alkali carbonate is added to a soln. of a uranous salt, H. Rose, 1 
C. V. Rammelsberg, E. M . Peligot, and J. L. C. Zimmer mann observed that a whitish- 
green, voluminous precipitate is formed. It is sparingly soluble in a sat. soln. of an 
alkali carbonate, more soluble in a boIh. of an alkali hydrocarbonate, and freely 
soluble in a soln. of ammonium carbonate. The precipitate is more or less 
hydrolyzed uranous carbonate, but C. F. Rammelsberg found that when washed 
and dried it is uranous hydroxide. The precipitate darkens when warmed owing 
to oxidation. The addition of ammonium carbonate to a uranous Balt soln. was 
found by J. L. C. Zimmermann to give a whitish-green precipitate, soluble in excess. 
According to C. F. Rammclsberg, when the soln. of the precipitate in ammonium 
carbonate is allowed to evaporate, carbon dioxide is given off, and uranouH hydroxide 
iB first deposited, then ammonium diuranate; and J. A. Arfvedson found that 
when the soln. is heated, uranosic oxide free from carbonate is precipitated. 
Although uranous carbonate has not been prepared, the soln. of the precipitates 
just indicated in a soln. of ammonium carbonate is assumed to contain ammonium 
uranous carbonate* and in the case of the alkali carbonates, alkali uranous 
carbonate. E. M. Peligot obtained a precipitate of uranous hydroxide by adding 
calcium carbonate to a soln. of a uranous salt ; and H. Rose, and J. L. 0. Ziminei- 
mann found that all the uranium is so precipitated by the addition of barium 
carbonate. 

J. J. Ebelmen found that alkali carbonates precipitate from soln. of uranyl 
salts a yellow alkali uranyl carbonate which is soluble in an excess of the precipitant, 
and it iB more soluble in soln. of the alkali hydrocarbonates than m sola, of the 
normal carbonates. Alkali hydroxides precipitate alkali uronates from the soln. 
in alkali carbonates. A soln. of the precipitate produced by ammonium carbonate 
in an excess of that salt deposits, when boiled, hydrated uraiuuni trioxide. J. N. von 
Fuchs observed that the addition of calcium carbonate to a soln. of a uranyl salt 
precipitates the uranium, and H. Rose found that with barium carbonate the 
precipitation is complete. J. M. Ordway made some observations on this subject 
— vide supra , basic uranyl sulphates. J. J. Ebelmen, and B. Drenckinann found 
that uranyl hydroxide attracts no carbon dioxide from atm. air. L. R. Lecanu, 
and E. M. Peligot believed that uranyl carbonate* (U0 2 )CO B , remained when 
ammonium UT&nyl carbonate is heated, but the observations of J. J. Ebelmen on 
the action of heat on this salt make this doubtful. According to W. T. Vrande, 
hydrated uranium trioxide dissolves in an aq. soln. of carbon dioxide, und when 
the liquid is heated, the hydrated oxide is precipitated free from carbon dioxide. 
T. Parkman observed that the unwashed precipitate obtained by adding the least 
possible quantity of sodium carbonate to a soln. of uranyl nitrate contains U0 3 : C0 2 
in the proportions 3:2; and with sodium carbonate and soln. of uranyl sulphate, 
in the proportions 3:1. These precipitates were supposed to be mixtures of alkali 
diuranate and uranyl carbonate. F. W. 0. de Coninck added potassium car- 
bonate to a soln. of uranyl nitrate, and obtained a precipitate with 17 per cent, 
of carbon dioxide, but after the precipitate had been washed it appeared to be 
a mixture of carbonate and oxide. K. Seubert and M. Elten obtained 
a complex basic salt whose analysis agreed with uranyl decahydrozytri- 
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Carbon ate, 5(U0fc)(0H) 2 ,3(U0 2 )CH)3.6H 2 0 # by inking 10 grins, uranyl nitrate, with 
5*7 grms. sodium carbonate in 20 c.c. of water. The orange precipitate was washed 
with alcohol. At the present time normal uranyl carbonate, (U0 2 )C0 3 , has not 
been isolated, and the different products which have been reported are stages in the 
hydrolysis : U0 2 C0 3 +H20s=U0 2 (0H) z +C02. W. Marckwald found a kind of 
ochre os an alteration product of the uraninite of the Uruguru Mountains, East 
Africa, which he called rutherfordite — after E. Rutherford. For rutherfordite, 
vide 5. 38, 3. The analysis corresponds with normal uranyl carbonate, (U0 2 )C0 3 . 
The yellow mineral is strongly radioactive, and has a sp. gr. 4*82. 

Several complex uranyl carbonates have been obtained. J. J. Berzelius, 
L JR. Lecanu, E. M. Peligot, and W. Delffs obtained ammonium uranyl tricarbonate, 
(NH 4 ) 4 (U 0 2 )(C 0 3 ) 3 . 2 H 2 0 , by dissolving ammonium diuranate in a warm, aq. soln. 
ot ammonium carbonate and allowing the lemon-yellow filtrate to crystallize — 
assisted, maybe, by spontaneous evaporation. J. J. Ebelmen recommended 
digesting an excess of ammonium diuranate with a soln. of ammonium carbonate 
at 60° to 70°, filtering the soln. while warm, and allowing it to cool slowly. The 
undissolved ammonium uranate can be treated with the mother-liquor. E. Burcker 
added a mixture of aq. ammonia and ammonium carbonate to a soln. of uranyl nitrate 
until the precipitate first formed redissolved, and allowed the soln. to crystallize. 
According to F. Qiolitti and V. Vecchiarelli, a soln. containing an excess of ammonia 
together with a mol of uranyl nitrate and 3 mols of ammonium carbonate deposits 
this salt in the form of lemon-yellow, transparent prisms which, according to F. de la 
Provostaye belong to the monoclinic system. W. Keferstein gave for the axial 
ratios a : b : c— 0-9635 : 1 : 0-8670, and fi 99° 17' ; the (001) -cleavage is nearly 
complete. The sp. gr. is 2-773. According to J. J. Ebelmen, the salt can be 
preserved in stoppered bottles, hut when opened, there is a smell of ammonium 
carbonate ; the salt is also stable in air containing a little vapour of ammonium 
carbonate, but in open air the salt is slowly decomposed and acquires an orange 
tinge. L, R. Lecanu, and E. M. Peligot thought that when the salt is heated uranyl 
carbonate is first formed, and then green uranosic oxide ; but J. J. Ebelmen showed 
that kept at 100° there is a considerable loss in weight in a few hours ; and between 
200° and 250° there is a rapid evolution of water and ammonium carbonate, and 
the residue has an orange colour. The last portions of ammonium carbonate are 
expelled with difficulty, but if kept at 300° for a long time, brick-red uranium trioxide 
remains. If heated in a closed vessel, the salt leaves uranium dioxide, which is 
pyrophoric, taking fire in air as it oxidizes to green uranosic oxide. F. Qiolitti and 
V. Vecchiarelli added that the salt loses ammonia at the ordinary temp., and more 
readily on heating to, say, 100°. The ratio NH a : C0 2 always remains the same, 
4 : 3, so that it must be assumed that the salt splits up completely with two parts 
(U0 2 )0 and C0 2 .2(NH 4 ) 2 C0 3 . The complex character of the salt is shown by the 
changes in the absorption spectrum which occur when ammonium carbonate is 
added to a soln. of uranyl nitrate ; by the cryoscopic measurements, which corre- 
spond with a decreasing mol. wt., ultimately reaching 90 ; and by the electrical 
conductivity, which also indicates an increasing and ultimately complete ionization. 
While J. J. Berzelius said that the salt is insoluble in water, J. J. Ebelmen found 
that 100 parts of water dissolve about 20 parts of the salt at 15°, and at 18-6° 
F. Giolitti and V. Vecchiarelli, 16-56 parts. The Balt readily dissolves in a soln. of 
ammonium carbonate, and J. A. Arfvedson found that when the soln. is boiled, 
ammonium carbonate is given off, and the liquid becomes turbid as hydrated uranyl 
oxide is precipitated, but some uranium remains in soln., and, according to J. J. Ebel- 
men, and B. Drenckmann, the precipitate retains about 2 per cent, of adsorbed 
ammonia, but no carbon dioxide. E. M. Peligot supposed the precipitate to be 
ammonium diuranate. According to F. Giolitti and V. Vecchiarelli, the decom- 
position of the soln. by heat is very similar to that of the dry Balt. The sat. soln., 
after being heated to 94° and cooled, deposits yellow needles of, probably, a 
basic ammonium uranyl carbonate ; and when the liquid is treated with ammonia, 
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ammonium uranate is precipitated. According to H. Schlundt and R. B. Moore, 
when an excess of hot 42V’-(NH 4 ) 2 C03 is added to a nearly sat. soln. o! uranyl 
nitrate, both uranium and uranium-X dissolve completely* but on cooling crystals 
of ammonium uranyl tricarbonate separate, while the whole of the uranium-X, 
remains in soln. The radioactivity of the double carbonate increases after a time, 
a maximum being attained at the end of about twelve days. A similar increase 
takes place when the substance is gently heated. In both cases the increase in 
activity is accompanied by a slight deepening of the yellow colour of the crystals. 
The phenomenon apj>ears to be due to the decomposition which the substance 
undergoes, the removal of ammonia, carbon dioxide, and water resulting in a 
diminution of the retardation of the particles which are emitted by the active element 
contained in the compound. The increase in the activity is proportional to 
the loss of weight, a similar effect being observed when thin layers of uranyl acetate 
and nitrate are gently heated. According to F. Giolitti and V. Vecchi&relli, when 
a cone. soln. of 5 mols. of ammonium carbonate is mixed with 2 mols. of uranyl 
nitrate, at 50° to 55°, the liquid, on cooling, deposits a bright yellow, crystalline 
mass of ammonium diuranyl pentacarbonate, 2(U0 2 )G%3(NH 4 )2C0 a .4H 2 0, which 
is soluble in water ; this salt is said to be probably identical with one previously 
reported by E. M. Pcligot. When alcohol is added to the mother-liquor, it deposits 
a bright yellow powder with a composition (NII 4 ) i 8 (U 0 .j)fc(C 03 ) 1 7 .raH 2 0 . It is 
soluble m water, but there is nothing to indicate that it is a chemical individual. 

According to J. J. Ebelmen, uranyl hydroxide, precipitated by a soln. of sodium 
carbonate, dissolves in an excess of the precipitant, forming a yellow soln. containing 
a complex salt. If a soln. of sodium uranate in a warm, aq. soln. of sodium hydro- 
carbonate be evaporated, it furnishes a yellow crystalline crust of sodium uranyl 
tricarbonate, Na 4 (U0 2 )(C0 3 ) 3 ; and K. F. Anthon obtained it as a yellow crystalline 
powder by evaporating an aqua regia extract of pitchblende to dryness, extracting 
the product with water, adding an excess of sodium carbonate to the soln., and 
evaporating the liquid. W. Jani also obtained it by passing carbon dioxide through 
a soln. of sodium carbonate with sodium diuranate in suspension, and evaporating 
the filtered soln. E. F. Anthon found that the lemon-yellow powder loses water 
when heated, and it becomes brick-red and loses carbon dioxide before a red-heat 
iA attained, but after heating for half an hour, at a red-heat, some carbonate still 
remains. W. Jani said that when the salt is heated, it acquires a pale brick-red 
colour, and water then extracts sodium carbonate from the cold mass, leaving a 
residue of sodium diuranate. E. F. Anthon reported that the salt dissolves slowly 
in water, and a soln,, sat. at 15°, has a sp. gr. 1-6J . According to J. Aloy, potassium 
uranate, and, according to J. J. Ebelmen. and M. E. Ohevreul, precipitated uranyl 
hydroxide dissolve in an aq. soln. of potassium carbonate, but more readily in 
a soln. of the hydrocarbonate, forming a yellow liquid from which pot&Bgram 
uranyl tricarbonate, K 4 (lT0 2 XC0 3 ) 3 , separates ill yellow crystals or as a crystalline 
crust. J. J. Ebelmen, however, said that uranyl hydroxide precipitated by 
potasli-lye is not soluble in a soln. of potassium carbonate, although it is readily 
dissolved by a soln. of the hydrocarbonate. J. Aloy also prepared this salt by 
treating a neutral soln, of a uranyl salt, say the acetate, with a small excess of 
potassium cyanide, dissolving the precipitate by adding sufficient potassium car- 
bonate, and concentrating the soln. for crystallization. The lemon-yellow, hexagonal, 
bi pyramidal ciystals were found by J. Aloy to be stable in air. J. J. Ebelmen found 
that at 300° the salt is decomposed, forming orange-yellow potassium uranate ; and, 
according to J. J. Berzelius, there remains a mixture of potassium diuranate and 
carbonate after the salt has been heated to redness. According to J. J. Ebelmen, 
100 parts of water at lf)° dissolve 7-4 parts of the salt, and more is dissolved at a 
high temp. One part of the salt in 333 parts of water gives a deep yellow soln. ; 
or 1 : 1332-soln. is pale yellow; a 1 : 5328-soln. has a yellow tinge; and a 
1 : 10656-soln. is colourless— the most dil. soln. is made turbid by potash-lye, and 
in a few hours deposits orange-yellow flakeB of potassium diuranate. Boiling water 
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free from alkali, dissolved the salt with partial decomposition and the separation 
of potassium diuranate ; and a cold, very dil. sob. also deposits the uranate if an 
excess of potassium carbonate be not present. Potash-lye precipitates all the 
uranium in the soln. as potassium diuranate, even if a large excess of potassium 
carbonate be present. Acids, not in excess, produce the same yellow precipitate 
as is formed when potassium carbonate is added to a soln. of a uranyl salt. J. Aloy 
found that the salt is freely soluble in an aq. soln. of potassium carbonate ; and 
J. J. Ebelmen added that it is insoluble in alcohol. According to J. A. Hedvall, 
a large number of metallic ions give a precipitate with soln. of the alkali uranyl 
carbonates, but analytical results, the visible evolution of carbon dioxide, and the 
gradual colour change due to hydrolysis show that most of these products even 
shortly after precipitation cannot be regarded as definite compounds. Least 
hydrolysis occurs when the potassium uranyl carbonate in not too dilute a soln. 
is precipitated in the cold by addition of excess of the metallic salt sob. ; the 
precipitate is rapidly washed with water and allowed to dry in the air. Thus, 
silver salts give a yellow precipitate ; mercurous salts, a yellow precipitate — initially 
white and finally greyish-yellow ; mercuric salts, a red precipitate ; cupric salts, 
an apple-green precipitate, becoming yellowish-green ; had salts , a white precipi- 
tate, becoming yellow ; zinc and cadmium salts, a pale yellow^ precipitate ; man - 
(fa nous and aluminium salts , no precipitate ; ferrous salts, n dark green precipitate ; 
cobalt and ntckd salts, a pale yellow precipitate, becoming brownish-yellow ; 
magnesium and calcium salts , no precipitate ; stiontium salts, a small, pale yellow 
precipitate ; and barium salts, a pale yellow precipitate. 

,1 A Hedvall prepared silver uranyl carbonate, Ag 4 (l 1 0 2 )(ro 3 ) 3 , in yellow flocks, 
which form a crystalline powder. It darkens in colour even when kept in the dark, 
owning to the uranium radiation. It begins to give off carbon dioxide at 145°. 
According to J F. Vogl, r calcium uranvl carbonate occurs as an incrustation 
on the uramnite of Joachii.istlml, Bohemia. According to analyses reported by 
,1 F Vogl, A. Schrauf, and H. von Foullon, it^ composition corresponds with 
calcium uranyl tetracarbonate, 1oH 2 0 A. Weisbaoh called it 

flutherito, and A Schrauf, uranothallite. The siskin-green mineral occurs in minute 
crystal*, united in scaly or granular aggregates. A. Schrauf gave for the axial 
ratios of the ihombie crystals a : b : r— 0*601 *1 •0*358. The (lOO)-dcnvage is 
impel feet A. Brezina gave 0-9539: 1 .0-7826 for the axial ratios, using better 
developed crystals than those used by A Schrauf The hardness is 2-5 to 3*0. 
.1 L Smith described another mineral from tile uraniuite deposits near Adrianople, 
Turkey, and he called it liebigite- after J. von Liebig. J. F. Vogl also described 
a similar mineral from Johanngeorgenstadt, Bohemia The analysis corresponds 
with calcium uranyl dicarbonate, Ca(U0 2 )(C0 3 ) a 2()H 2 (). The apple-green, 
mamillary concretions or thin coatings show a cleavage in one direction. The 
hardness is 2*0 to 2*5. E. S. Larsen represented the formula of liebigite by 
CaO l T Og.2rO 2 .20II 2 O, and he considered that liebigite and uranothallite are 
possibly the same mineral species. The optical axial angles 22?— 65° ; and 
2V— 42 n ; and the indices of refraction are a -1*500, 0-- 1*503, and y= 1-537. The 
cleavage is normal to a. In addition to the icosihydratc, liebigite, (\ Blinkofl 
reported that the drcahgdrate, ( 1 aC0^.(U02)f 1 0 s .10n 2 6, is formed by the action of 
carbon dioxide at 10 atm. press, on a suspension of 10 grms. of calcium uranate in 
800 c.c. of water for two years. The compound is decomposed when boiled with 
water. If half the proportion of watej is employed, the basic salt, calcium 
tetrauranyl tricarbonate, 2Ca0.4U0 3 .3C0 2 .22H 1 ,0, is formed in pale yellow* tetra- 
gonal plates which are decomposed by water. A Schrauf described a greenish or 
yellow mineral occurring in six-sided, rhombic plates on the uraniuite of 
Joachimsthal, Bohemia. It was named schrockingerite -after Baron Schrockinger 
--and is regarded as a hydrated uranyl carbonate containing a little lime and 
sulphate. G. A. Konig described a canary-yellow incrustation on the granite at 
Franckford, Pennsylvania. He called it randite- - after T. D. Rand. The analysis 
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\n U0 3> 31 *63 per cent. ; 00 2 , 29-34 ; CaO, 32-50 ; anil H 2 0, 6*53. J. F. Yogi 
described a copper calcium uranyl carbonate from the Eliaa mine, Joachimsthal, 
Bohemia. W. Haidingcr called it voglifce— alter .1 . F. Yogi: It occuts in emerald* 
green or grass-green aggregates oi rhomboids! scales. The analysis is \10 3) 37-00 
per cent. ; C0 2l 26*41 ; CaO, 14-09 ; CuO, 8-40 ; and H 2 0, 13-90, C. Blinkoff 
reported strontium diuranyl dicarbonate, SrO^UO^CC^.lOHgO, to be formed by 
treating a soln. of 10 grms. of uranyl nitrate with strontium hydroxide, suspending 
the washed precipitate in 200 c c of water, and leaving the mixture for a l6ng time 
in contact with carbon dioxide under press . — vide supra , calcium uranyl carbonate. 
The salt is decomposed by boiling WAter. J. A. Hedvall prepared barium uranyl 
carbonate, Ba 2 (U0 2 )(C0 3 )3.6H 2 0, in yellow microscopic plates, by the action of 
a barium salt on a soln. of potassium uranyl carbonate. It loHes water slowly at 
ordinary temp., and more quickly at 50 °, changing in colour from bright yellow to 
lemon-yellow. Above 350 ° much carbon dioxide is given off, and the colour 
becomes orange-yellow. C. Blinkoff obtained barium diuranyl dicarbonate, 
BaO.2UO3.2CO2.6H2O, in a similar way. In addition to the pentahydrate , he 
obtained an octohydrale by using twice as much water for the preparation of the Balt. 
H. Behrens and P. D. C. Kley obtained thallous uranyl tricarbonate, Tl4(U0 2 )(C0 3 ) 3 , 
os a crystalline precipitate on adding thallous nitrate to an ammoniacal soln. of 
sodium uranyl carbonate. The crystalline precipitate is very sparingly soluble in 
water, so that the formal ion of this salt is recommended for the micro-detection of 
uranium — one part in 5000 can be so detected. 

B. Menes prepared ammonium uranium tetracarbonate, (NH 4 )2[U(C03)4l.6H 2 0, 
by adding uranyl sulphate to a warm, sat. soln. of ammonium carbonate through 
which carbon dioxide is passed. The guanidimum salt , (CN 3 H e )2[U(C0 3 ) 4 ].10H 2 0, 
was also prepared. 
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§ 82. Uranium Nitrates 

J. J. Ebelmen, 1 and F. Isambert treated uranous oxide or hydroxide with silver 
nitrate, and obtained what was considered to be uranoos nitrate, U(NO a ) 4 , but the 
silver oxide which was formed oxidized the product to uranyl nitrate. J. Aloy 
and G . Auber obtained a green soln. by the action of sodium hydrosulphite on, 
uranyl nitrate, but the uranous nitrate could not be isolated. 

(\ F. Bueholz, 2 H. Kuhn, H. Lcscoeur, B. Drenckmann, L. R. Uecanu, and 
E. M. Peligot obtained uranyl nitrate, (l 1 0 2 )(N0 a ) 2 .r»H 2 0, by evaporating for 
crystallization a soln. of uranosic oxide or uranium trioxide in dll. nitric acid. 
F Janda recommended an acid of sp. gr. 1*321. F. W. O. de Coninck obtained a 
holn. of the salt by the melathcticnl reaction between soln. of silver nitrgte and 
uranyl chloride. T. J. Savory obtained a soln. as a product of the action of tin and 
nitric acid on uranyl phosphate or ammonium uranyl phosphate. The hoocahydrcUe 
is obtained bv crystallization from the aq. soln. The hexahydrate is the ordinary 
form winch is understood when speaking of uranyl nitrate. The conditions of 
stability are indicated in Fig. 18. It is prepared directly from uranite, as indicated 
in connection with the extraction of uranium The commercial salt generally 
contains small proportions of impurities- according to F. Giolitti and G. Tavanti, 
particularly alkali. Methods for the purification of the salt were given by J. Aloy, 
and F. W. 0. de Coninck. (J. Dittrich purified the salt by passing hydrogen sulphide 
into u soln. of the commercial salt ; added ammonia and ammonium carbonate in 
excess to the filtrate, and then added ammonium sulphide. The uranyl salt soln. is 
evaporate d from the precipitate, and the filtrate boiled with hydrochloric acid to 
remove carbon dioxide A mmonia and qmmonium sulphide are added to precipitate 
uian\l sulphide ; the mixture is boiled for an hour. The black mixture of sulphur 
and uranium dioxide it» washed first with warm water, and then with warm water 
containing some ammonium sulphide. The product is calcined in air, and the 
uiunosic oxide dissolved in nitric acid, and the soln. crystallized. The salt is further 
pimfied by repeated crystallization, as recommended by H. N. McCoy and G. C. Ash- 
man. F E E. Germ ami found that the heating and cooling curves of soln. of 
uranyl nit t ate show the existence of this hydrate. Jt is formed spontaneously 
below —35°, and does not exist above — 2() u . A. Colani measured the solubility 
of uranyl nitrate in nitric acid, and expressing concentrations in grams per 1U0 
grins, of soln., at 25°, obtained : 

HNO, 0 12-35 28-07 30 15 46 12 53-71 60 38 68-83 

U0 2 (N0j) a 56-08 40-36 29-05 37-90 37 18 27-49 23 65 22 49 

GH a O 311 jO 2H 3 0 

The results are plotted in Fig. 18. In addition to the hexa- and dihydrates, the 
c onditions of stability of the tnhydmtc , U0 2 (N0 3 ) 2 .3H 2 0, are shown in the diagram. 
E Kordcs gave “181° for the eutectic temp. R. do Forerand obtained indica- 
tions of the existence of a tetracosihydratc , (U02)(N0 3 )2.24H 2 0, in his study of the 
heating and cooling curves of sat. soln. F. W. 0. de (’oninck said that at 100° 
the hexahydrate passes into the tetraftydrate, (CJ0 2 )(N0 3 ) 2 .4H 2 0, and that the 
tetrahydratc passes into the hexahydrate in moist air H. Lescoeur found that 
the hexahydrate at 85° loses water and nitric acid, leaving a mixture of what 
is probably uranium trioxide and the trihydrate. E. M. Peligot found that the 
hexahydrate forms the trihydrate in vacuo. J. Aloy exposed the hexahydrate 
in vacuo or to a current of dry air at 0° ; P. Lebeau dried the hexahydrate at 
ordinary temp, and press, in a desiccator over cone. 'sulphuric acid or calcium oxide 
for 5 or 6 days ; and A. von Unruh heated the hexahydrate at 200 n for sonic hours, 
and also passed a current of dry air over the addition product with ether. 
A. C. Schultz-Sellack reported that if a Boln. of uranyl nitrate in nitric acid^be 
evaporated and cooled, yellow fluorescent needles of the trihydrate are formed— 
mu evaporation may be conducted in vacuo over cone, sulphuric acid, and potassium 
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hydroxide ; but B. Drenokmann said that the hexahydrate alone is formed under 
these conditions. A. Ditte, however, obtained the trihydrate from a soln. of uranyl 
nitrate in monohydrated nitric acid. 0. N. Wyroubofi obtained the trihydrate by 
evaporating a neutral soln. at 65° and drying the crystals at the same temp. The 
trihydrate was found by 0. N. Wyroubofi to furnish yellow triclinic crystals with the 
axial ratioa a : b : c- 1-7753 : 1 : 1-4104, and a=85° 35', 0^94° 12', and y- 81° 44'. 
A. (\ Schultz-Sellack said that the crystals do not effloresce in vacuo, but they 
take up water on exposure to air, passing into the hexahydrate. The m.p. is 120° ; 
A. F. Waseleeff gave 121-5°. A. Ditte found that 100 parts of monohydrated 
nitric acid dissolve 39 parts of the trihydrate at 14°. A. F. Waseleeff obtained the 
dihydrate , (170 2 )(N0 3 ) 2 .2H 2 0, by crystallization from cone, nitric acid of sp. gr. 
1-502- with strongly acid soln. the hexahydrate is formed. M. Marketos also 
obtained it by dehydrating the hexahydrate in vacuo, and he said that the dihydrate 
is the equilibrium product under these conditions. P. Lebeau obtained the 
dihydrate by exposing to n current of dry air at ordinary temp, the crystals obtained 
by evaporating a soln. of the hexahydrate in ether, and dried witli calcium nitrate. 
The conditions of stability are shown in Fig. 18. The pale yellow crystals of the 

dihydrate were found by A. ¥. Waseleeff to be 
strongly fluorescent, and to melt at 179-3°. 
According to P. Lebeau, the salt decomposes 
in moist air at 115°, forming nitric acid and 
the hydrate IJ0 3 .2H 2 0. It dissolves in fuming 
nitric acid, and the soln. furnishes well-defined 
crystals. The percentage solubility in dry 
ether is 52-39 at 7° and 54-25 at 10 
A. F. Waseleeff, and P. Lebeau said that the 
he mitn hydrate probably does not exist. A. von 
Unruh reported a monohydrate to be formed 
in soln. by shakiug the ethereal soln. for some 
hours with dry calcium chloride ; and J. Aloy, 
by heating the trihydratc at 100° in a current 
of dry air — if the temp, exceeds 100°, some 
nitrate is decomposed. 11. do Forcrand’s 
experiments on the dehydration of the hexa- 
hydrate give no indications of the existence of the monohydrate as a chemical 
individual. AI. Marketos found that if the hexahydrate be heated to 170° to 
180° in a current of carbon dioxide charged with the vapour of nitric acid, by 
bubbling the gas through nitric acid of sp. gr. 1*4 mixed with sulphuric acid of 
sp. gr. 1-843, a yellow powder of anhydrous uranyl nitrate is formed. A. von 
Unruh showed that the anhydrous salt cannot be obtained by heating the hexa- 
hydrate, or from the ether complex (U0 2 )(N0 3 ) 2 .2(C 2 H5) 2 0, but an ethereal soln. 
can be obtained by treating an ethereal soln. of the trihydratc with sodium, 
calcium chloride, or copper sulphate. If the hexahydrate is employed, the 
water of crystallization settles to the bottom as a oonc. aq. soln. of the uranyl 
salt, and if sodium is added, the alkali uranate is formed, and if calcium oxide is 
added, calcium uranate. If the hexahydrate be dissolved in amyl alcohol, and 
decanted from the aqueous layer which separates out, the anhydrous solid cannot 
bo obtained from the amyl alcohol soln. either by evaporation or by keeping it in 
vacuo ; and when heated on an oil-bftth, the amyl alcohol is oxidized to valeric acid, 
and uranosic oxide, and nitrous fumes are formed. According to P. Lebeau, the 
anhydrous salt is a yellow amorphous powder, readily soluble in water, and it 
reacts violently with ether. It decomposes at 2(K)°, forming uranosic oxide and 
uranium trioxide. E. Spath obtained a different variety of the anhydrous salt by 
heating the dinitroxyl compound- vide inf ra — to 164°, 

The hexahydrate forms lemon-yellow prisms having a greenish tinge. 
15. Drenckmann found that neutral soln. give tabular crystals, and acidic soln., 
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prisms. F. de la Provostaye found that the rhombic bipyramidal crystals have 
the axial ratios a : b : c*=-0*8737 : 1 : 0*6088. Measurements were also reported 
by C. C. Haberle, 3. Schabus, W. J. Grailich, and (J. P. Rammelsborg. E. Quercigh 
(studied the habit of the crystals separating from different solvents. L. Pauling 
and R. G. Dickinson found that the X-radiogram of the rhombic bipyramidal 
crystals of hexahydrated uranyl nitrate corresponds with a space-lattice having 
four mols of U0o(N0 8 ) 2 .6H 2 0 per unit cell, with ai 0 o^ 13-15 A., aoi 0 — S-2 A., 
and aoci=ll # ^2 A Observations on this subject were also made by G. L. Clark. 
J. Schabus said that the crystals are pleochroic, with a pale greenish-yellow, b 
greenish-yellow, and c lemon-yellow. A. des Cloizeaux gave for the optic axial 
angles with red and blue rays, 2U— 68° 15' and 69° 15' respectively, and 2 V— 44° 5' 
and 44° 27' respectively; and AV. J. Grailich gave 2/£— 68° 5 f for Ted light. 
C. H. D. Bodeker gave 2-807 for the sp. gr. of the hexahydratc. A. F. AVaseldeff 
gave for the sp. gr., D, of aq. soln. with p per cent, of the anhydrous nitrate : 


v . 2 80 

D - 1 33597 

H . 1-0257 

10*92 

1*34417 

1*1035 

20*06 

1*35412 

11983 

29*77 

1*30758 

1*3247 

39*73 

1*38272 

1-4069 

49*92 

1 39889 
1-6506 

54-77 

1-41155 

1-7536 

F. W. 0. de Coninck also found for the sp. 

gr. of aq. soln. with : 



p 1 2 

» 

4 6 

8 

10 

12 

14 

16 


J) 1 0049 1 0096 1-0187 1 0281 1-0378 1*0462 10650 1*0643 1-0718 


11 Lescoeur found the vap. press, of the hoxahydrate to be negligible at 15°. At 
the m.p /60°, the vap. press, of the sat. soln. is 1 2-2 mm. ; that of the dry hexa- 
hydrate is 11-7 mm ; lhat of the molten hexahydratc, 11*8 mm* ; ami that of the 
3-4 hydrate, less than 3 mm. E. Lowenstein found that with sulphuric acid of 
cone C per cent. H 2 S0 4 , the losses in weight in t days, expressed in mols of water 
per mol of the hexahydrate, were : 

f .30 40 50 60 70 80 90 97 

t .10 10 10 20 20 30 30 30 

1,088 0 0 0 2*94 2*99 3-97 4-01 4*00 


With 0 below 20, the salt is hygroscopic. For the vap. press of water correspond- 
ing with the different values of C t vide sulphuric acid O Tammann observed that 
the lowering of the vap. press, of water for soln with 14-49, 34-62, and 46-40 grins. 
rO^NO-j)* per 100 grms. of water were, respectively, 13-1, 34-9, and 49-3 mm. 

L R. Lecanu observed that the hexahydratc remains unaltered m air between 
15° and 20° ; but, added 0. F. Bucholz, it effloresces to a yellow powder in a dry, 
warm atm. ; and E. M. Pell got observed that the trihydrate is formed when the salt 
is kept in vacuo. F. W. 0. de Coninck said that if kept in air for 3 or 4 days the salt 
may have the eq. of 6 to 8 mols. of water. Various more or less discordant state- 
ments about the dehydration of the hexahydrate are indicated in connection with 
the reputed hydrates. C. F. Bucholz found that when the salt is heated, it melts in 
its water of crystallization, giving off water and acid. A. F, Waseleeff gave 60*2“ for 
the m.p. of the salt, and J. M. Ordway, 59-5" ; at 118° the liquid begins to boil, when 
about 4 mols. of water and Rome acid are given off. When the liquid is cooled, 
E. M. Pfligot observed that it forms transparent prisms, which, when exposed to 
air, rapidly absorb water and become opaque. At a higher temp, the molten 
liquid, said C. F. Bucholz, becomes reddish-yellow, ultimately forming uranpBic 
oxide, but, according to J. J. Berzelius, with the intermediate formation of a 
basic salt, and J. A. Arfvedson said that some uranyl nitrite is formed as the sail 
loses oxygen, and it decomposes into nitrogen oxides and uranosic oxide without 
the intermediate formation of uranium trioxide. F. W. 0. de Coninck reported 
that 2 mols. of water are lost w T hcn the hexahydrate is kept for a few hours at 
J(K) U ; 2 mols. more water are lost between 115° and 130 Q ; and tbe remainder 
above 170°. The product fuses between 82° and 105° according to the pro- 
portion of contained water and loses some nitric acid ; at about 255° nitrous 
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fumes are given off, and at a higher temp, a red modification of uranium trioxide 
is formed (?.<’.). The various reports on the dehydration phenomena are not all 
concordant, The observations of C. Dittrich on the lowering of the f.p., 0° ; the 
calculated mol. wt. when the theoretical value for U0 2 (N0 3 ) 2 is 395*4 ; the 
factor * ; and the degree of ionization, a, of n normal soln. of uranyl nitrate — 
4U0 2 (N0 3 ) 2 per litre — arc : 

n l 0-5 0*26 0 125 0*0026 

0 . 2*967° 1*339° 0*640° 0*329° 0*168° 

Mol. wt. 153*4 151*6 148*9 142*5 137*8 

1 • . 2*57 2*60 2*65 2*77. 2*87 

a . 0*78 0*80 0*82 0*88 0*94 

Consequently the nitrate is almost completely ionized in -j^N-soln. F. W. 0. de 
Coninck gave 0*946 for the sp. ht. of a 10 per cent, soln, ; and C. Dittrich found 
the sp. ht. of $N- and JiV-soln. of uranyl nitrate to be respectively 0*892 and 0*956. 
R. de Forcrand gave for the heat of formation of uranyl nitrate, 

^=67*25 Cab.; and for (U0 2 ,30 2 ,N 2 ,Aq.)- 86*25 Cab. R, de Forcrand gave for 
the heat of Boln. of U0 3 in dil. nitric acid, 19*803 Cab. ; U0 3 .H 2 0, 14*846 Cab. ; 
and U0 8 .2H 2 0, 12*375 Cab. J. Aloy gave - 3*7 Cab. for the heat of soln. of a mol 
of the trihydrate in 1000 to 2500 mob of water at 18° to 20° ; and F. W. O. de 
Coninck —3*8 Cab. for the heat of soln, of the trihydratc in water at 17° to 18°. 
R. de Forcrand also gave for the heats of hydration for the solid hydrates from 
solid, liquid, and gaseous water: U02(N03)2^U0 2 (N0 3 )2.H 2 0+5*70, 7-13, and 
16*79 Cab. respectively; U0 2 (N0 a )2.H 2 0^U0 2 (N0 3 ) 2 .2H 2 0+5‘39, 6*82, and 
16*48 Cab. respectively; U0 2 (N0 3 ) 2 .2H 2 0-»U0 2 (N0 a ) 2 .3H 2 0+2*27 J 3*70, and 
13*36 Cals, respectively; and 4U0 2 (N03)2.3H 2 0-»JU0 2 (N0 3 ) 2 .6H 2 0+0*94, 2*27, 
and 11*93 respectively. The subject was discussed by W. Biltz. R. de Forcrand, 
and M. Marketos abo gave for the heats of soln., Q 8j of the anhydrous salt and its 
hydrates, U0 2 (N0 3 ) 2 .nH 2 0 ; 

n .... 0 1 2 3 6 

q fR.de Forcrand. 19*00 11-87 0-05 1*35 - 5 45 Cals. 

v# l M, Mark£toe . 16*00 — 5-42 2 00 -4*76 Calw. 


The optical character of the crystals of the hexaliydratc is positive. V. von 
Lang gave for the mean index of refraction j3=- 1-4950 for red, 1*4967 for yellow, 
1*4991 for green, and 1*5023 for blue light. F. W. O. de Coninck gave jx --1*338, 

— j 7 1-348, and 1*364 for the indices 

200 i -J w ir r ! of refraction of 8, 10, and 12 

0° ; j | per cent. soln. respectively. 

~Z r “ j— 1 *=*— A. F. Waseleeffb measurements 

1 > /V A /\ \ /\ / \ of fi at 17°/17° are indicated 

_ j /\ A _ ! f*\ A above. The absorption and 

~ //a * A yX ~ ~ fluorescence spectra were de- 

a— o{ — M ~ ™ ^ i scribed by E. Hagenbach, H. 

! || _ i| II j II I Becquerel, H. C. Jones and 

ZT "oSa * ‘ W. W. Strong, etc.-vide supra, 

Via. 19. — Absorption Spectra of Aqueous Solutions PMjcal propertie B of ura- 

of Uranyl Nitrate. mum. The absorption spectrum 

of aq. soln. was examined by 
E. L. Nichols and E. Merritt at temp, between 20° and —185°, and various changes 
were observed. H. L. Howes found that the spectra of aq. soln. showed the 
results indicated in Fig. 19. F. E. E. Germann explained the results by 
assuming that they are produced by the hexa- and tetracosihydrates and various 
mixtures of the two dependent on the cone, of the soln. and on the rate of cooling. 
J. C. Ghosh and B. N. Mitter abo studied this subject — vide supra . Y. R. von 
Kurelec examined the spectrum in various non-aqueous solvents ; and B. E. Mukerji 
and N. R. Dhar, the photosensitization Of aq. Boln. H. M. Vernon estimated the 
ionization from the colour. 
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J. Becquerel observed that the greenish-yellow fluorescence of the nitrate does 
not increase as the temp, is lowered to — 190° ; the converse statement applies 
to most fluorescent substanoes. A. Bomtrager found that the dry crystals become,, 
luminescent when rubbed with the hand. A. 8. Herschcl found that the crystals 
exhibit a greenish-yellow triboluminescence, for they emit flashes of light when 
mechanically shaken or crushed ; W. N. Iwanofl also noticed that slight detona- 
tions occurred when some crystals which had been kept in a stoppered bottle in 
the dark for three years were being weighed out. L W. Andrews also noticed 
the detonation of some crystals in which the water of crystallization had been 
replaced by ether. W. Eichhorn observed the triboluminescence but no detona- 
tions when old crystals were shaken in a flask. A. Muller obtained only mild 
detonations in the case of a few specimens crystallized from ether, never when 
crystallized from water or prepared in the absence of free nitric acid ; and he 
assumed that the effect may bo due to the decomposition of an unstable compound 
of a lower oxide of nitrogen wjth a uranium-ether addition compound. X-rays 
had no peiceptible effect on the crystallization of uranyl nitrate. J. A. fiiemssen 
observed that a specimen of uranyl nitrate kept for 21 years in a stoppered bottle 
showed only a feeble triboluminescence in comparison with the effect produced 
by other specimens ; and a specimen of sodium unmale which was not tribo- 
hirninescent furnished manyl nitrate with a fairly strong triboluminescence. 
H Longcliambou found that the spectrum of the 1 nbolummeseence of uranyl 
nitrate is the line sjieetrum of nitrogen complicated by the secondary effects of 
fluoresce lice 

G. L Hark, and L. Pauling and R (J. Dickinson examined the action of 
secondary L - rays of uranium. E. K. Rideal and R. G. W. Norrish found that 
uranyl nitrate soln. have dillcrent potentials in light and in darkness. E. Shpolsky 
observed that the presence of uranyl nitrate or acetate inhibits the photochemical 
reaction m Edei s soln. Tl. Greinacher showed that the raising of the temp, by 
the radioactive transformations of the uranium, etc , amounts to 0-01°— vide 
radioactivity. J. Koiczyn discussed the j8-rays of the salt ; J. L\ Jacobsen, the 
action of y-rays on the salt; and D. M. Bose and II. G. Bhar, the magnetic 
susceptibility. 

According to E. W. 0. de Conincb, aq. soln. of uranyl nitrate undergo photo- 
lysis, being slowly decomposed by diffused sunlight ; but if the soln. are acidified 
by hydrochloric or acetic acid, they are very stable. Soln. of uranyl nitrate in 
commercial methyl or ethyl alcohol are readily decomposed by diffused sunlight, ' 
and a black uranium oxide is deposited. As indicated in connection with the 
general physical properties of uranium, C. F. Bucholz observed that ethereal soln. 
are decomposed in sunlight, forming ethyl nitrate, uranosic oxide, and a green 
liquid. P. Chastaing noticed that while red light and yellow light are without 
action on the alcoholic soln., violet light at once reduces the uranyl salt, forming 
aldehyde and acetic acid. H. Fay observed that a soln. of tartaric acid and uranyl 
nitrate gradually assumes a deep green colour when exposed to sunlight, a light 
green salt of uncertain character being subsequently deposited ; the production 
of the latter is greatly promoted by heat, but in no case lias gas been evolved — 
vide supra , the physical properties of uranium. H. M. Vernon attempted to 
estimate the degree of ionization from the change in the colour of the soln. when 
diluted with water, and when warmed. 

G. Dittrich measured the electrical conductivity. A, of aq. soln. of an eq. of 
uranyl nitrate — tU0 2 (N0 3 )2 — in v litres of water at 25°, and found : 

* ■ 4 « 16 32 64 128 256 512 1024 2048 4096 

* ■ 74 09 81*42 88-23 04-34 100-8 107-6 115 0 122-7 131-5 140-7 151-8 

Measurements were also made at 25° by H. Ley, and L. G. Winston and H, C. Jones, 
whilst A. P. West and H. C. Jones, and S. F. Howard and H. C. Jones obtained for 
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higher temp, the following results for the conductivities, A, and the computed 
percentage degrees of ionization, a : 


V 


4 

8 

32 

128 

512 

1024 

2048 

4096 

( 35 ° 

. 

157-89 

177-97 

216-65 

240-88 

285-11 

304-61 

318-91 

349-78 

Ai « 0 ° 


19901 

226-50 

270-42 

327-08 

376-05 

404-71 

422-85 

467-92 

| 65 ° 


245-03 

277-69 

345-77 

406-32 

476-52 

514-08 

538-35 

596-77 

„| 36 0 


45-14 

50-88 

61-04 

71-44 

81-51 

87-09 

91-17 

100-00 

“\ 86 e 

■ 

41-06 

46-53 

67-94 

68-00 

79-85 

86-14 

90-21 

100-00 

L. G. Winston and H. C. Jones obtained : 





V . 


4 

8 

32 

128 

512 

1024 

2048 

4006 

[ 0 ° 


74-91 

83-44 

97*22 

110-14 

116-33 

123-14 

128-92 

136-77 

A < 25 ° 


132-91 

160-57 

180-64 

207-89 

224-05 

241-47 

255-38 

274-50 

1 315 ° 


158-84 

181-20 

219-38 

254-21 

277-35 

298-63 

317-44 

343-09 

( 0 ° 


64-8 

61-0 

71-1 

80-5 

85-0 

90-0 

04-2 

100-00 

« 26 ° 


48-4 

54-9 

65-8 

75-8 

82-0 

86-0 

93-1 

100-00 

( 35 ° 


46-3 

52-8 

63-0 

74 1 

80-8 

87-1 

92-5 

100-00 


The value of A J024 — A 32 in C. Dittrich’s measurements is 37-16. This difference is 
unusually high for a normal salt of a bivalent anion. This is attributed to hydro- 
lytic changes. L. B. Lecanu noticed that the moist salt reddens blue litmuB ; 
and C. Dittrich's observations on the effect of uranyl nitrate on the inversion of 
sugar show that the degree of hydrolysis of -^A^-soln. of uranyl nitrate at 65° is 
0-0361, meaning that at this temp. 0-036 of each eq. of uranyl nitrate in suln. is 
hydrolyzed ; at lower temp, the degree of hydrolysis will be smaller. L. Bruner 
studied the hydrolysis of the salt. The conductivity curve in C. Dittrich’s measure- 
ments does not approach a constant value with increasing dilution,* as 
would be the case if the process of ionization were simply that symbolized : 
U0 2 (N0 8 )2^U0 2 ’ +2N03', although L. Gomez showed by taking the difference 
between each value of A and the next succeeding one at double the dilution, the 
difference decreases until the dilution v— 64. From this point the difference 
increases progressively. This is attributed to the progressive ionization of the salt, 
in accord with U0 2 (N03) 2 ^U02(N03) , +N0 3 / , followed by U() 2 (N0 3 )VU0 2 ‘‘ 
+NO a ', with hydrolysis when the dilution exceeds v— 64. Again, by extrapolation 
of the cryoscopic data, indicated above, the apparent mol. wt. at infinite dilution 
is almost exactly one-third the real mol. wt. This is in agreement with the scheme : 
U0 2 (N03)2^U0 2 "+2N03 / . With increasing cone., the ratio of the apparent 
to the real mol. wt. approaches the value 2-5, so that even in cone. soln. the salt 
is ionized to a considerable extent, possibly in accord with the equation : 
2U0 2 (N0 3 ) 2 ^U 2 0 4 " +4N0 3 / . The values, of the degree of ionization, calculated 
on the assumption that the salt is a simple ternary electrolyte, ore thus uncertain. 
L. Gomez measured the transport numbers for the anions at cone, between 0-0024 
and 0-074 mol per litre. The resulting curve iB typical of that of a ternary 
electrolyte, and shows a minimum at a cone, of 0-015 mol per litre, indicating a 
maximum cone, of the [U0 2 (N0 8 )|’-ion. At cone, beyond 0-07 mol, the transport 
number approaches unity, and the metallic radicle now forms part of the anion. 
At cone, lower than 0-01 mol the presence of U0 2 " is indicated. The addition of 
ammonia to a uranyl salt soln. precipitated the compound (NH 4 ) 2 U 2 07. This 
indicates the probable presence of the anion U 2 0 7 " in the soln. F. W. O. de 
Coninck and M. Carno found that a black pyrophoric oxide is a product of the 
electrolysis of a soln. of uranyl nitrate. C. A. Pierl£ measured the potentials of 
various uranium oxides (q.v.) against soln. of uranyl nitrate. H. Stadelmann 
examined the deposits obtained by dipping a carbon and a metal rod, electrically 
connected, into a soln. of uranyl nitrate. S. Bodforss studied the electrometric 
titration of a soln. of a uranyl salt in the presence of acetic acid by a soln. of a 
phosphate ; in presence of a small amount of a quadrivalent uranium salt, the 
equilibrium U0 2 ''+4H’— 20^U""+2H 2 O is set up and the potential E 
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of the solii with respect to a platinum electrode is given by the formula 
E Eq+RT ( 2F logJU0 2 * ][H‘ MU | If the hydrogen-ion concentration remains 
constant, the potential is altered only when an excess of uranyl salt Has been 
Added I Lifschitz and 8 B Hooghoudt studied the Becquerel effect with soln 
of uranyl salts V von Lang observed that the dimagnetism of crystals of the 
hexahydrate is strongest parallel to the a axis of the crystals, and weakest parallel 
to the b axis 

V N Ipatieff and B Muromt7eft found that hydrogen at 250 atm press and 
at 2(X) to 300° gives UO s> IT 3 0g, or U0 2 -according to temp — when it acts on a 
soln of uranyl nitrate According to C 1 F Bucholr, the hexahydrate deliquesces 
m a moist atm , and cold water dissolves about half its weight of the salt, forming 
a greenish yellow soln F W 0 de CVminck obtained a similar result between 
12 9 and 14 2 A F Waseleeff found the solubility, S, in grams of the hexa- 
ne (Irate per 1(X) grms of sot soln to be 

IS I 12 1 2 2 0 12 1 25 Cl SO 7 45 2 71 H 

54 U 58 0 02 l 0*1 0 117 4 72 8 78 J 83 0 80 J 

JTht Mitectic point is at — 18 1 and corresponds with the ratio I t 0 2 (N()j) 2 28 9II 2 0 
The fiee/ing points of soln , with 8 grms of the hexahydrate per 100 grms of soln , 
an fO follow 

ll > I 2 1) I 1 f 0 "0 -112 J 8 1 

S I.S no 219 JO I) I j 4 41 4 47 5 54 9 


The curie for these results is the ice line Fig 20 The hydrolysis of the salt has 
just Ini n disc usscrl J J Bir/clius observed that when aq soln of ur an} 1 nitrate 


aie boiled and the filtrate ev iponted there ic mains 
a stuk> m^B of a basic salt uranyl oxymtrate, of 
unknown composition ) M Ordwav said that half 
tin ammonn requited foj precipitating the uranium 
r in he added before precipitation begins and the soln 
may then umt mi a basic salt (I -Rousseau and 
(i Iite ohsrmd that if a soln of uranyl nitrate be 
lieatul willi marble in a sealed tube at 180 to 200 
for 24 hrs a vellnw, microcnstallino basic urinal 
mtrati is formed A J)itte heated uianvl acetate 
with rnonoh\(lrated nitric acid, and obtained avellow 
crystalline powder supposed to be basic uranyl nitrate* 
It is insoluble in water J W Thomas found that 





hydrogen thlonde acts on the tnhvdiute with the Yu 20 Solubility of Hrxa 


evolution of hc*ut, forming urunvl chloride etc hydiattd I rumum Nitrate 
F VV () de (oniuck found that uranyl nitrate is 


soluble m hvdiucldonc acid It is also soluble in hydrobronue acid, and soln 
of 1 2 J, 1 and 3 per cent of uranvl rut iti in hvdrohionuc acid of sp gr 
1^1, have the respective sp gr 1 2122 l 2lb8, 1 2198 1 2250 and 1 2305 
l T ran>l nitrate is freely soluble in sulphuric und and soln of l 2 3, 1, and 5 
pei cent of the nitiate in sulphuric acid of sp gr 1 1 IS have* the respective 
sp gr 1 1427 1 1450, 1 1511 J 1540 and I 157b F .1 Faktor found that aodium 
thiosulphate precipitates many l thiosulphate from soln of uranyl nitrate II Rose 
sanl that when the salt is mixed with ammonium chloride and heated, 
iiianosu oxide is formed A von L nruh obtained uranyl diamminonitrate, 
U0 2 (N()j) 2 2NI1 }i ah a yellow amorphous powder b> keeping in vacuo the 
diammino-complex with ethei and by passing ammonia into a soln of aianyl 
nitiate in amyl alcohol -fieed ftom yyater b\ boiling The yellow flakes can be 
dried in vacuo over Hulphunc aeid If the diammmc be kept m an atm of 
ammonia, it forms uranyl tnamminomtrate, l T 0 2 (N0,) 2 3NH 3 , and if u\ liquid 
ammonia, uranyl tetramminomtrate, U() 2 (NO|L 4NH 2 When treated with 
hychazim hydrate, R Salvador! obtained hvdianne uranates (c/ v ) C V Falit 
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and N, R. Dliar found that the presence of uranium nitrate favoured the diaaolu- 
tion of mercury in nitric acid! T. Cnrtiun and A. Darapsky found that Bodium 
azide colours the soln. deep red, and after boiling sonic tunc urauyl hydroxide is 
deposited. According to E. Spilth, when 22*5 grms. of dihydruted uranyl nitrate are 
dissolved in 30 c.<\ of fuming nitric acid of sp. gr. 1-52, and the well-cooled soln. 
treated with u mixture of 20 grins, of nitrogen pent oxide and an excess of liquid 
nitrogen peroxide— 12 c.c.- a light yellow precipitate of txr&nyl dinitroxylnitr&te, 
U0 2 (N0 2 ) 2 2NOo, is formed. It is decomposed by water into uranyl nitrate and 
nitrogen peroxide ; and at 1G3 U to 165° it forms anhydrous uranyl nitrate, not the 
same as that prepared by M. Marketos. F. W. 0. de Coninck found that soln. 
of I, 2, 3, 4, and 3 per cent, of urainl nitrate in nitric acid, of sp. gr. 1*053, have the 
respective sp. gr. 1 1585, H614, 11G63, M698, and 1-1751. .1. J. Berzelius, 

J. J. Ebelmen, E. M. Pcligot, B. Drenckmann, and A. C 1 . Schultz-Sellack were unable 
to prepare an acid salt of uranyl nitrate. L. R. Lecanu observed that the salt 
fuses when heated on charcoal, and then detonates like nitre. E. V. Alexeevsky 
and A. 1. Avgastinik studied the adsorption of soln. of uranyl nitrate charcoal. 
0. F. Buciiblz found that 100 parts of absolute ethyl alcohol dissolve 333 parts of 
uianyl nitrate ; and F. W. 0. de Coninck observed that at 12*7° to 13 \ 100 parts 
of ethyl alcohol dissolve 3*33 parts of the salt ; wliiht 100 parts of methyl alcohol 
dissolve 1-35 parts of nitrate at 10*6° to 1 1-5 J ; and that soln of 1, 2, 3, 4, and 5 
per cent, of uranyl nitrate in methyl alcohol have the respective sp. gr. 0*8902, 
0*8938, 0*9003, 0*9068, and 0*9108. Uranyl nitrate is also soluble in propyl and 
isobutyl alcohols, but Jess soluble in amvl alcohol. (\ F. Bucholz found that uranyl 
nitrate is freely soluble in ether ; P. Misciattelli compared the solubilities of the 
thorium and uranium nitrates in ether; and he studied the ternary system 
U0 2 (NU 3 ) 2 -H 2 0-(C 2 H 5 ) 2 0 at 0° and 20 J . For the system at () L (Fig. 21), with 
noil-saturated soln., the compositions oi the nq. and ethereal layers were: 
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The results are summarized in Fig. 21 ; and those for 20 J in Fig. 22. 0. Guempel 
also studied the ternary system : uranyl nitrate ether water; and F. W. 0. de 
Coninck stated that 100 parts of ether dissolve 6*25 parts of the salt at 10*6° to 
11*6° ; whilst 100 parts of acetone, at 11*9° to 12*2°, dissolve 1*6 parts of the salt ; 
100 parts of formic acid, at 10*6° to 11*5 C , 18-6 parts ; and 100 parts of acetic acid, 
at 10-6° toll *5°, 5*43 parts. Soln. of 1 , 2, 3, 4, 5, 6, and 7 per cent, of uranyl nitrate 
in acetic acid, of sp. gr. 1*055, have the respective sp. gr. 1*0387, 1-0434, 1*0469, 
1-0505, 1-0564, 1*0626, and 1*0662. L. Vanino said that when solid uranyl nitrate 
is heated with acetic anhydride, nitrogen oxides are evolved and uranyl acetate is 
formed. F. W. O. de Coninck found that uranyl nitrate is soluble in ethyl acetate, 
sparingly soluble in turpentine, and insoluble in petroleum and in the aromatic 
hydrocarbons-'-benzene, toluene, and xylene, as well as in carbon disulphide. 
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The data are not always concordant: thus, according to A. W. Postons, uranyl 
nitrate dissolves in all proportions in glycerol, whilst F. W. O. de Coni nek Baid 
that it is insoluble. E. Shpolsky studied the inhibition of the photochemical 
reaction with Edcr's soln. ; and G. G. Rao and N. R. Dliar, the catalytic action in 
the photosynthesis of formaldehyde from alkali hydrocarbonatcs. W. Thomson 
and F. Lewis studied the action of uranium nitrate on indiarubber. R. Rascanu 
prepared complex salts with pyridine, quinoline, 2-methylquinoline, anlipyrine, 
pyramidon, and phcnacctin. 

According to P. Joliboia and R. Bossuet, when sodium hydroxide is added to 
a dil aq. soln. of uranyl nitrate, precipitation commences only when an equimolar 
proportion of the alkali has been added ; from this stage up to the addition of two 
mols, a precipitate is obtained, and if this is filtered of! and the filtrate is boiled, 
a further precipitate is deposited. Either precipitate contains 1-5 per cent, or more 
of sodium hydroxide, W'bich is not removed by washing. If more than two mols 
of alkali arc added, precipitation in complete and the precipitate contains still 



Fioa. 21 and 22.— Thr» Ternary Syatera : I T 0 1 (N0 3 ),-(C i H,) l 0-H I 0 at 0° and 20°. 

higher percentages of alkali. Radioactivity measurements on the different pre- 
cipitates show that the intensity of radiation is proportional to the amount of 
radium present. The first precipitate which is formed contains a very important 
proportion of the uranium-X, the oxide of which is apparently less basic than that 
of uranium. D. I. Mendelceff said that uranyl nitrate readily forms complex 
salts with the alkali nitrates ; but, according to R. J. Meyer and F. Wcndel, not 
with the nitrates of the bivalent metals, although A. Lancien reported unstable 
salts with the nitrates of cadmium, nickel, and rhodium. 

R. J. Meyer and F. Wendel prepared ammonium uranyl trinitrate, 
NH 4 (T t 0 2 )(N 0 3 ) 3 , by crystallization from a soln. of equimolar proportions of the 
component nitrates in nitric acid of sp. gr. 1*4 ; or by crystallizing a soln. with an 
excess of potassium nitrate over sulphuric acid and potassium hydroxide. A. Colani 
found that the anhydrous salt separates from an equimolar mixture of the com- 
ponent nitrateB in cold nitric acid of Bp. gr. 1*33, and it is readily decomposed by 
water. The crystals were found by H. Steimnetz to be trigonal prisms, with the 
axial ratio a : c=l : 10027, and to have the (llO)-cleavage perfect. The salt appears 
to be dimorphous, because E. Rimbach reported that the product obtained from a 
soln. of ammonium diuranate in an excess of cone, nitric acid contains both trigoual 
crystals and rhombic bipyramids, which, according to A. Sachs, have the axial 
ratios a : b : c—0-7003 : 1 : 1*1410, with the optic axial angle 2f/=44° 41'. The 
greenish-yellow crystals are hygroscopic. E. Rimbnch's, and H. Burger’s observa- 
tions on the Bolubility of the salt are summarized in Tabic II, which chows that 
at a low temp, the salt is decomposed in aq. soln., but as the temp, reaches about 
60°, the salt is not decomposed. As a result, below G0\ the solid phase is a mixture 
of uranyl nitrate and of ammonium uranyl trinitrate, and the soln. contains more 
ammonium nitrate than corresponds with the double salt. A. Colani said that 
ammonium uranyl tetranitrate, (NH^UO^NC^, separates in slowly deliquescent 
crystals which are decomposed by water. H. Grossmann and B. Schiick prepared 
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Table II.— The Solubility or the Ammonium and Alkali Uranyl Trinitrates 
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ethylenedi&mine nranyl nitrate, C 2 H 4 (NH 2 )2.2HN03.U0 2 (N03)2.2H 2 0, in greenish- 
yellow, four-sided, columnar crystals, which melt at about 215° and are strongly 
fluorescent. The double uranyl nitrate acts on a photographic plate, whilst 
the double sulphate and chloride have no action ou it ; on the other hand, the 
electroscope is affected about equally by the nitrate and the sulphate. A. Tolani 
said that the complex nitrateH of uranyl and potassium and sodium nitrates do not 
crystallize from aq. soln. in the cold. R. J. Meyer and F. Wendel were unable to 
prepare lithium uranyl nitrate or sodium uranyl nitrate , but they prepared potassium 
uranyl trinitrate, K(U0 2 )(N0 3 )3, in the case of the ammonium salt, from a soln. 
of the component salts. The rhombic, bipyramidal crystals were found by 
H. Steinmetz to have the axial ratios a : b : c— 0-854 : 1 : 0*6792, with a well-marked 
(OlO)-cleavage. The crystals of the salt prepared by E. Rimbach from a soln. of 
potassium diuranate in a large excess of nitric acid were also rhombic bipyramids, 
which, according to A. Bachs, have the axial ratios a . b : c— 0-7015 : 1 : 1-1560, 
and the optic axial angle 272=44° 34' for 'Na-light. The greemsh -yellow fluorescent 
crystals are very hygroscopic. E. Rimbach, and H. Burger found the solu- 
bilities indicated in Table IT, and the results show that below 60° the salt is 
dissociated like the ammonium salt, but above that temp the solid phase and 
solute have the same composition. W. Marckwald studied the radioactivity of 
the salt. R. J. Meyer and F. Wendel, and E. Rimbach prepared rubidium uranyl 
trinitrate, Rb(U0 z )(N03)3, as in the case of the ammonium salt. A. Sachs gave 
for the axial ratio of the trigonal prisms, a :c= 1 : 1-0071, and a=96° 56'. The 
(llQ)-cleavage is complete. The salt is less deliquescent than the potassium salt. 
The solubility data, Table II, by E. Rimbach, and H. Burger show that somewhere 
below 80° the salt decomposes into its components, but above that temp, the solid 
phase and solute have the same composition. J. 0. Perrine observed no ultra- 
violet fluorescence in the X-rays. E. Rimbach, H. Burger, and R. J. Meyer and 
F. Wendel prepared cSBriom nranyl trinitrate, Cs(U0 2 )(N0 3 ) a , as in the case of the 
ammonium salt. The trigonal crystals were found by A. Sachs to have the axial 
ratio a : c=l : 1-0117, and a=96° 48'. They are isomorphous with those of the 
potassium Balt. The effect of water is indicated in Table II. According to 
F. W. 0. de Coninck, when silver nitrate is added to a soln. of uranyl chloride and 
the filtrate evaporated to dryneBS, there remains silver uranyl nitrate, mixed with 
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iiranyl nitrate, and a red basic nitrate. J. 0. Perrine observed no ultra-violet 
fluorescence in the X-rays. A. Lanoien obtained cadmium uranyl nitrate, 
Cd(U0 2 )(N08)4.30H 2 0, in yellow needles which lose 10 mols. of water in vacuo 
over sulphuric acid. J. 0. Perrine observed no ultra-violet fluorescence with 
mercury uranyl nitrate in the X-rays. R. J. Meyer and F. Wendel prepared 
thalloue uranyl trinitrate* T1(U0 2 )(N0 3 ) 3j by evaporating over sulphuric acid and 
potassium hydroxide a soln, of equimolar parts of the component nitrates in nitric 
acid of sp. gr. 1-4. The yellow crystals are not perceptibly fluorescent, and they 
are decomposed by moist air into their component salts. W. Marckwald found 
the radioactivity of the salt to be smaller than that of the potassium salt. 
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§ 23. The Uranium Phosphates 

A. Colani , 1 and G. Werther prepared uranous orthophosphate* U 3 (P0 4 ) 4 , by 
treating a soln. of uranoufi tetrachloride with normal sodium phosphate. The 
voluminous precipitate, when washed, dried, and heated to redness in hydrogen 
chloride carried along by a current of cari>on dioxide, forms a dark green powder 
consisting of minute crystals with hexagonal surfaces. This salt behaves chemically 
like other uranous phosphates, but is more readily attacked by acids, particularly 
nitric acid. P. Chastaing said that if an excess of a soln. of uranous chloride is 
treated with sodium metaphosphate, the green trihydrate , U 3 (P 04 ) 4 . 3 H 2 0 , is formed. 
According to A. Colani, uranous oxyphosphate, U 2 0 (P 04 ) 2 , is obtained when 
uranyl orthophosphate or pyrophosphate is heated to dark redness in hydrogen ; if 
the heating be continued too long, some phosphorus is lost as phosphine. The 
oxyphosphate is also obtained by heating the pyrophosphate in the hottest part of a 
porcelain oven. The former process yields a dark green, microcrystalUne powder, 
the latter, larger crystals. The salt is easily attacked by boiling nitric acid. With 
alkali chlorides, in a dry atmosphere, it forms uranium dioxide and complex phos- 
phates. P. Chastaing said that the green trihydrate, U 2 0(P0 4 ) 2 .3H 2 0, is formed by 
precipitating a soln. of uranous chloride with normal sodium pyrophosphate, and the 
tetrahydrate , U 2 0(P0 4 ) 2 .4H 2 0, by treating the soln. of uranous chloride with normal 
sodium orthophosphate. J. Aloy and G. Auber obtained uranous phosphates 
by the double decomposition of an alkali phosphate with a soln. of uranous sulphate, 
ot by redu cing uranyl phosphate with sodium hyposulphite. C. F. Rammebberg, 
and J. Aloy said that an excess of Bodium hypophosphate precipitates all the 
uranium from a soln. of uranous chloride as ur&noui bydrophospllAte, 
U(HP0 4 ) 2 .2H 2 0. The product is very sparingly soluble in dil. hydrochloric acid, 
but freely soluble in the cone, acid, and the phosphate is re-precipitated on adding 
water. R. Arendt and W. Knop aho obtained the dihydrate by treating a hydro- 
chloric acid soln. of uranous chloride with phosphoric acid ; and P. Chastaing, by 
adding an excess of sodium metaphosphate to a soln. of uranous chloride. 
C. F. Rammebberg found that potash-lye extracts the phosphoric acid, but not so 
aq. ammonia., J. Aloy said that the precipitate from uranous oxalate is the 
pentaJiydrate, U(HP0 4 ) 2 .5H 2 0 I or UO 2 .P 2 O 5 . 6 H 2 O, and it can be obtained in 
microscopic crystals Btable in air, insoluble in sulphuric and hydrochloric acids of 
medium concentration, but freely soluble in cone, hydrochloric acid* forming a bine 
Soln., and decomposed by alkali-lye, forming uranous hydroxide. 
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C. F. Rammelsberg obtained uranous pyrophosphate, UP 2 0 7 .3H^0, by treating 
a noln. of uranous chloride with normal sodium pyrophosphate. The trihydrate 
loses all its water when heated in a current of carbon dioxide. A. *Colani prepared 
it by reducing amorphous uranyl metaphosphate in hydrogen at a dull red-heat ; 
the amorphous powder can be crystallized by heating it in a current of hydrogen 
chloride carried along by carbon dioxide. A. Colani also made the pyrophosphate 
by passing the vapour of phosphoryl monochloride in a current of carbon dioxide 
over uranous oxide at a red-heat — uranosic oxide can be used at a bright red-heat ; 
it can also be obtained similarly from uranyl pyrophosphate or orthophosphate ; 
a small amount of a volatile compound of uranium, phosphorus, and chlorine is 
formed. The pyrophosphate is also formed by heating one of the other urMiums 
phosphates, with the exclusion of air, in a current of carbon dioxide, at the softening 
temp, of porcelain — with metaphosphate a part remains un decomposed. The pyro- 
phosphate is also produced by heating a mixture of uranous metnphosphate with 
five times its weight of potassium chloride, at a dull red-heat, in a current of dry 
carbon dioxide, and afterwards washing the cold product to remove soluble sails. 

1'. Hautefeuille and J. Margottel prepared uranous metaphosph&te, L T (PO ;t ) 4 , 
or by melting uranium trioxide or uranyl metaphosphate with Jour 

tunes its weight of rnetaphosphoric acid A. Colani used orthopliosphoric acid ; and 
K. R. .Johnson dissolved uranyl sulphate m rnetaphosphoric acid a( 31fi‘. The 
emerald-green plates, said 1\ Hautefeuille and J. Margot let, are isomorphous with 
the lnetaphoHphates of aluminium, chromium, and iron, and, according to A. Colani, 
with llionum metaphosphate, with which they form mixed crystals. The sp. gr. is 
3-9, but K. R. Johnson gave 3-HIH for the sp. gr. and 149 for the mol. vol. The salt 
does not melt in the blowpipe flame. The crystals arc stable in air. A. Colani 
found that at a high temp , in hydrogen, uranium dioxide, phosphine, and phos- 
phorus are formed I\ Hautefeuille and J. Margottet found that the salt is insoluble 
in water and acids, and A. Coluni added that the metaphosphate is not dissolved 
by cone, and boiling hydrochloric, sulphuric, or nitric arid ; if heated for 24 hrs. 
with r>0 per cent, phosphoric acid in an evacuated and sealed glass tube, at 175° 
to 200 \ a green soln. of a uranous salt is formed, and the soln. deposits fine green 
needles. With molten alkali hydroxides, oxygen is taken up fiorn the atmosphere 
to form alkali phosphate and uranate ; fused alkali carbonates in an atm. of carbon 
dioxide and at a red-heat form alkali phosphate and uranium dioxide if air has 
access, the dioxide forms a urunale ; ami wit h fused alkali or alkaline earth chlorides, 
green crystalline products are formed. Boiling, cone, alkali-lye attacks the nieta- 
phosphatc superficially, forming alkali phosphate ami a protective black film of 
uranium dioxide. 

According to A. Colani, when equal weights of sodium metaphosphate or, better, 
sodium pyrophosphate, and uranium dioxide are heated with a large excess of sodium 
chloride, or when eqiiimolur parts of normal sodium and uranous pyrophosphates 
are heated with a large excess of sodium chloride, emerald-green crystals of sodium 
uranous diphosphate, Na 2 U(P() 4 ) 2 , are formed. This salt is also formed, with not 
such good results, by the general mode of preparation, namely, by heating un intimate 
mixture of the alkali phosphate with an excess of uranous oxide in a platinum 
Rose's crucible through which carbon dioxide is passed ; the fused mixture is cooled 
very slowly, so as to cause the double phosphate to crystallize well and thus become 
separated from the excess of oxide used. The rhombic, bipyrn initial crystals have 
the axial ratios <i : h : c (HV766 : l : (Him. The salt is freely soluble in nitric m id, 
and the green liquid, when heated, or on standing at ordinary temp, lor .some time, 
becomes yellow and gives oil nitrous fumes. It forms a yellow soln. with cone, 
hydrochloric acid which when treated with water gives a gelatinous precipilatc of 
uranous phosphate. By heating a mixture of sodium lira nous bcxachloride with 
sodium pyrophosphate, or by heating sodium pyrophosphate with an excess of 
uranium tetrachloride, or by fusing uranium dioxide w T itb sodium metaphosphate m 
the presence of sodium chloride, dark green crystals of sodium uranous triphosphate, 
vol. xn. K 
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NaU 2 (P0 4 ) 8 , are formed. The monoclinic prisms have the axial ratios a : b : c 
=2-5605 : 1 : M918, and £=101” 3'. Again, if normal sodium pyrophosphate is 
fused with uranium dioxide, dark green rhombic crystals of sodium umuous ooto- 
phosphate, Na 12 U 8 (P0 4 )g, are formed ; they have the axial ratios a:b:c 
=0-5758 : 1 ; 0-2157. The general method of preparation just indicated, using 
potassium metaphosphate, furnishes green crystals of potassium ur&QOUS di- 
phosphate, K 2 U(P0 4 ) 2 . The rhombic crystals have the axial ratios a : b : c 
=0-3711 : 1 : 0-3902. The chemical behaviour is the same as that of the corre- 
sponding sodium salt. If a mixture of potassium uranous hexachloride with the 
calculated quantity of normal potassium pyrophosphate be heated with an excess 
of potassium chloride, dark green, probably triclinic, plates of potassium urinous 
triphosphate, KU 2 (P0 4 ) 3 , are formed. Uranium dioxide heated with a mixture of 
normal potassium pyrophosphate and twice the weight of potassium chloride fur 
nishes dark green plates of potassium uranous octophosphate, K 12 U 8 (P0 4 ) s . They 
are soluble in acids. By melting uranous metaphosphate with five times its weight of 
calcium chloride, green, pleochroic crystals of calcium uranous diphosphate, 
CaU(P0 4 ) 2 , are formed. The monoclinic crystals have the axial ratio a ;b:c 
= -1-508 : 1 : 1-124, and £=93° 29'. The green, pleochroic crystals of strontium 
uranous diphosphate, SrU(P0 4 ) 2 , prepared in a similar manner, are rhombic and 
have the axial ratios a\b:c- 1-474 : 1 : 1-165. The method employed for the 
calcium salt applies also to barium uranous diphosphate, BaU(P0 4 ) 2 , which can 
also be prepared by fusing a mixture of one part of sodium uranous hexachloride, 
3 parts of barium pyrophosphate, and 10 parts of anhydrous barium chloride. The 
salt appeared in thin green plates, too small for crystallographic measurement. 

According to G. Werther, 2 when a sol n. of 3 mols of uranyl nitrate, containing 
some free nitric acid, is mixed with a soln. of 2 mols of normal sodium phosphate, a 
yellow, pulverulent precipitate is produced from which acetic acid extracts only a 
little sodium uranyl acetate. The product is a hydrated mixture of normal 
unnyl orthophosphate, (U0 2 )g(P0 4 ) 2 .wH 2 0, with uranyl hydrophosphate, 
U0 2 (HP0 4 ).wH 2 0. If more sodium phosphate be added, the precipitate also 
contains sodium uranyl phosphate. The product forms a yellowish-green mass 
when ignited. F. A. Genth described a mineral from Mitchell Co., North Carolina, 
and he called it phosphoar&nylito. It occurs as a deep lemon-yellow, pulverulent 
incrustation on other uranium minerals ; and the powder consists of microscopic 
rectangular plates. The analysis agrees with hydrated uranyl orthophosphate, 
(U0 2 )3(P0 4 )2.6H20, after deducting the 4-4 per cent, of lead oxide associated with 
the mineral. 

The trihydrate of uranyl hydrophosphate, U0 2 (HP0 4 ).3H 2 0, was prepared by 
G. Werther, and H. Lienau by the addition of sodium dihydrophosphate to an acidic 
soln. of uranyl nitrate. It forms a sulphur-yellow, crystalline powder ; and it can 
also be regarded as a pyxo-salt, (U0 2 ) 2 P 2 07.7H 2 0. Tetrahydrated uranyl pyro- 
phosphate, (U0 2 ) 2 P 2 07.4H 2 0 — vide infra — can be represented as a hemilrihydrate, 
of uranyl hydrophosphate, namely, 2(U0 2 )(HP0 4 ).3H 2 0. According to 
L. Bourgeois, if 5 grms. of ammonium dihydrophosphate and 18 grins, of uranyl 
nitrate be mixed in aq. soln., a precipitate is formed ; this is washed by decantation, 
mixed with 500 grms. of water and enough hydrochloric acid to dissolve nearly all 
the precipitate, boiled, and the filtered liquid allowed to stand for some days. 
Yellow, tetragonal crystals of the tetrahydrate , (U0 2 )HP0 4 .4H 2 0, are formed, having 
the axial ratio a : c — 1 ; 1-7284. H. Debray, and L. Bourgeois found that the salt 
becomes crystalline when heated in hydrogen chloride. This tetrahydrate also can 
be regarded as a pyro-salt, (U0 2 ) 2 P207.9H 2 0. A. Laugier, and G. Werther added 
phosphoric acid to a soln. of uranyl acetate, and obtained a crystalline precipitate 
of the hemimneahydrate , (U0 2 )(HP0 4 ).4JH 2 0 ; G. Werther also obtained it by 
treating a soln. of uranyl nitrate with sodium dihydrophosphate, or with insufficient 
normal sodium phosphate for the complete precipitation of the uranium ; H. St, C. 
Deville added a soln. of acid calcium phosphate to an excess of uranyl nitrate soln. 
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at 60° to 60° ; and W. Heintz found that a soln. of uranyl nitratophosphate in hot 
water gradually deposits the hemienneahydrate of uranyl hydrophosphate* The 
greenish-yellow salt forms microscopic, right-angled plates ; it is insoluble in water, 
and the soln. in nitric acid furnishes a nitratophosphate. G. Wefthcr said that 
the air-dried salt loses one-fifth of its total water at 60° ; and W. Heintz, that it 
loses three-fifths of its total combined water at 110°. This hydrate can he regarded 
as a pyro-salt, (UO^PgOy.lO^O. H. Lienau reported a heptahydrate , 
(U0 2 )(HP0 4 ).7H 2 0, by adding lithium dihydrophosphate to an acidic soln. of 
uranyl nitrate. It can be regarded as a pyro-salt, (IT0 2 )P 2 07.15H 2 0. G. WeTther 
boiled uranium trioxide with a little phosphoric acid, and obtained the hemitri- 
hydrate, indicated above, as a yellow precipitate ; while the mother-liquor, 
evaporated over sulphuric acid, slowly deposited lemon-yellow crystals of uranyl 
dihydrophosphate, (TJ0 2 )(H 2 P0 4 ) 2 .3H 2 0, a salt which can also be regarded as a 
jientahydrated metaphosphate, U0 2 (P0 3 ) 2 .5H 2 0. When the salt is heated to 100°, 
it loses two-fifths of its water ; at 110° to 120°, it loses 11*1 per cent. ; and at 160°, 
13*3 per cent., i.e. nearly four-fifths. The remaining water is given off at a red-heat. 
The salt is decomposed by water, forming an insoluble basic Balt and a soluble acidic 
salt. It is soluble in phosphoric acid, forming a soln. which gives an ammonium 
salt when treated with ammonia. All the uranyl orthophosphates were found by 
G. Werther to decompose when melted with carbonized sodium potassium tartrate ; 
and by IT Rose, with sodium carbonate and potassium cyanide, forming alkali 
phosphate and uranium dioxide. 

According to K. Arendt and W. Knop, and A. K itch in, uranyl pyrophosphate, 
(IK) 2 ) 2 P 2 0 7i is formed by heating the hydrophosphate to redness. A. Girard 
obtained it by pouring an excess of a soln. of normal sodium pyrophosphate into an 
nq. soln of uranyl nitrate- -the precipitate gradually becomes crystalline — and 
heating the product to 100°. P. Chastaing also obtained it from the basic meta- 
phosphate by leaving it in contact with the mother-liquor for some time. The 
yellow precipitate loses 11 per cent, of water, i.e. 5 mols. at 100 n . According to 
A Gimd, the pyrophosphate is insoluble in water, alcohol, and ether, but soluble 
in nitric acid, and the soln. when treated with alkali-lye gives a precipitate of the 
original salt. It dissolves in a soln. of sodium pyrophosphate, but not in a soln. of 
sodium hydro phosphate. P. Chastaing regarded the precipitate produced with a 
soln. of normal sodium pyrophosphate and a uranyl salt as a tetrahydratc, 
(U0 2 ) 2 P 2 0 7 4H 2 0 ; and G. Werther obtained this hydrate as a pale yellow, amor- 
phous precipitate by troating uranium trioxide with dil. phosphoric acid, and 
washing the product with water. It loses about 3 mols. of water at J20 J , and the 
remainder at a red-heat. It is dark yellow when hot, and pale yellow when cold. 
This salt can be regarded as hemitrihydrated uranyl hydrophosphate, 
^(U0 2 )(HP0 4 ).3H 2 0. Similarly, as indicated above, the heptaftydrate of uranyl 
pyrophosphate is also (U0 2 )(HP0 4 ).3H 2 0 ; the enneahydrate is also 
(tl0 2 )(HP0 4 ),4H 2 0 ; the decahydrate is also (CC^HHPO^.^HgO ; and the 
pentadecahydrate is also (U0 2 )(HP0 4 ).7H 2 0. 

C. F. Rammelsberg boiled uranyl dihydrophosphate witli nitric acid, and 
heated the product to redness. There remained uranyl metaphosphate, 
U0 2 (P0 3 ) 2 . P. Chastaing digested uranium trioxide and metaphosphoric acid in 
equimolar proportions, and obtained a yellow product which he regarded as a kind of 
basic salt, uranyl oxymetaphosphatc, 4UO3.3P2O5 ; and the yellow precipitate pro- 
duced by the action of metaphosphoric acid on uranyl acetate he regarded as a 
decahydrate — possibly enneahydrate. It loses very little water at 100 J , but at 
110° it forms a heptahydrate. If allowed to stand in contact with its mother- 
liquor, it passes into the pyrophosphate, (U0o)2p 2 07.4H 2 0. According to 
J. B. Richter, if uranyl phosphate or carbonate be dissolved in phosphoric, acid, 
xj 6 8 °^ n ‘ eva P ora, ted, an acidic salt is formed as an amorphous, sticky mass, 
and H. Rose obtained a similar product from a soln. of uranium trioxide in phos- 
phoric acid. P. Ohastaing said that the mother-liquor remaining after the separa- 
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tion of 4U0 3 .3P 2 0 5 from a »oln. of uranium trioxide in phosphoric acid contains 
urattyl tetraphotphate , U0 3 .2P 2 0 5 . 

R. Arcndt. and W. Knop added uranyl acetate to a hot soln. of a phosphate 
and an excess of an ammonium salt, acidified with acetic acid, and obtained 
ammonium uranyl phosphate. H. Lienau prepared this salt, of the' composition 
(NH 4 )(U0 2 )r0 4 .3H 2 0, by gradually adding a cold aq. soln. of 2 mols of ammonium 
dihydrophosphate and 2 mols of nitric acid to a soln. of 2 mols of uranyl nitrate. 
The crystalline precipitate is insoluble in water and acetic acid, but soluble in all 
the mineral acids, 111 oxalic acid, and in a soln. of alkali carbonate. A. Kitchin's 
method for the determination of uranyl salts is based 011 precipitation of the 
ammonium salt in the presence of acetic acid and ammonium acetate. The 
volumetric titration of phosphates with uranium salt soln. and potassium ferro- 
cyanide as indicator was employed by C. Pincus- also by F. Sutton, H. Neubauer, 
R. Arendt and W. Knop, K. Rroockmaun, A. E. Haswell, (\ Mohr, V. Edwards, 
G. Guerin, 0. Abesser, W. Jnni and M. Mareker, E. Kessel, t\ Leconte, H. Rheineck, 
A. Pavec, W. Strecker and P. Schiller, and A. Vozarik. In 0. S. Pulman's method 
the uranium phosphate is reduced by zinc and acid to the uranous form, and 
titrated back to the uranyl salt by standard potassium permanganate. L. Barthe 
prepared methylamine uranyl phosphate, (CII 3 )NH 3 (l T 0 2 )P0 4 , as a pale yellow 
colloid, by saturating an aq. soln. of phosphoric acid with the amine, and adding 
uranyl acetate drop by drop. The precipitate, when dried m vacuo, becomes 
horny. It is stable, and is not decomposed at 1(K>°. Similarly with ethylamine 
uranyl phosphate, (CUI 5 )NH :) (XH) 2 )1 , 0 4 , and with trimethylamine uranyl phosphate, 
(CH 3 ) 3 NH(U0 2 )P0 4 . H. Lienau found that in attempting to prepare lithium 
uranyl phosphate by this process, heptahydrated uranyl hydrophcfcphate is formed, 
and the trihydrate was produced in attempting to prepare the sodium uranyl 
phosphate. G. Werther mixed soln. of uranyl nitrate and an excess of normal 
sodium phosphate, and obtained a dark yellow precipitate which dissolves in a laTge 
excess of the sodium phosphate soln., but it does not dissolve in water , acetic acid 
extracts sodium diuranate. G. Werther represented the composition of the pre- 
cipitate by Na 2 (U0 11 )5(l , 0 4 )4.6H Si 0, but seems to have regarded it as a mixture. 
L. Ouvrard found that fused normal sodium pyrophosphate or orthophosphate 
dissolves much uranium trioxide and obtained dendritic, yellow, monorlinic crystals 
of Na 4 (U0.i)(P0 4 ) 2 . G. (*. Stokes examined the fluorescent properties of mixtures 
of uranyl and sodium phosphates. L. Ouvrard fused a mixture of uranium 
trioxide and normal potassium pyrophosphate, and obtained a sulphur-yellow 
powder of potassium uranyl phosphate, K(U0 2 )P0 4 , consisting of microscopic 
rhombic crystals. H. Gramleau prepared a similar salt by heating uranyl phosphate 
with an excess of potassium sulphate. H. Lienau obtained the trihydrate, 
K(U0 2 )P0 4 .3H 2 0, by the method he employed for the ammonium salt. 
L. Ouvrard reported yellow prisms of K 4 (L T 0 2 )(P0 4 ) 2> to be formed by melting 
together uranium trioxide and normal potassium phosphate. 

A. Rosenheim obtained lithium uranyl pyrophosphate, Li 2 [U0 2 P 2 0 7 |, as a 
crystalline precipitate by treating uranyl sulphate or nitrate with u cone. soln. of 
the alkali phosphate, and boiling the mixture, B. Menes prepared lithium uranium 
pyrophosphate, Li 2 H 2 Ll T 2 (PzD 7 ) 3 ]. 30 H 2 O, by treating a soln. of uranium sulphate 
with one of lithium pyrophosphate. J. Persoz treated a soln. of a uranyl salt with 
normal sodium pyrophosphate and obtained a precipitate soluble in excess ; when 
the soln. is evaporated, it furnishes a gummy mass. G. Buchner found that the 
soln. gives no precipitate when treated with ammonium sulphide ; and that uranyl 
sulphide readily dissolves in a soln. of sodium pyrophosphate, and the soln. remains 
clear when boiled for a long time. All this points to the formation of a complex 
salt. L. Ouvrard prepared sulphur-yellow, monoclinic prisms of sodium uranyl 
pyrophosphate, Na 2 (l T 0 2 )P 2 0 7 , by fusing a mixture of uranium trioxide and 
sodium metaphosphatc. According to P, Pascal, when a soln. of sodium pyro- 
phosphate, saturated with uranyl pyrophosphate is treated with alcohol, a yellow 
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powder of the complex salt, Na 6 (U02)r(XT0 a ) 2 (P207)3].»H 2 0, is precipitated. It 
quickly passes into Na^UOgljjPaC^.H^O, which is insoluble in water. The f.p. 
of uranyl pyrophosphate in sodium pyrophosphate rises to a maximum corre- 
sponding with 3Na4P 2 0 7 .(U0 2 )2P 2 0 7f and then descends to a minimum at 
2Na 4 P20 7 {U0 2 )2p2U7* U P to which stage the characteristic reactions of uranyl 
salts are not obtainable. If this soln. is evaporated and the gummy residue 
treated with alcohol, a very soluble, hygroscopic powder having the constitution 
Na 8 KU0 2 )2(Pa®")3l is obtained. A. Rosenheim obtained the sodium salt by 
the method he used for the lithium salt. B. Menes also prepared sodium uranium 
pyrophosphate, Na4[l T o(F 2 0 7 )3l.l4H 2 0, by the action of (I soln. of uranium sulphate 
on one of sodium pyrophosphate. No precipitates are obtained with ammonium 
and ]M)tassiuiu salts. L. Ouvrard prepared potassium uranyl pyrophosphate. 
K 2 (l T 02)P 2 0 7 , by melting uranium trioxide with potassium metaphosphute. The 
yellow, rhombic, dichroir, doubly refracting crystals have a sp. gr. 4*2 at 20°. 
A. Rosenheim and T. Triantuphy Hides could not prepare complex uranic pyro- 
phosphates analogous to those of chromic, molybdic, and manganic pyrophosphates. 

The history of the mineral torbernite- - torlxritc , cupro-u ramie, chalcolite , uranium- 
mica , or uramte- has been previously discussed. The min era) is found at Joachims- 
that and Zmnwald in Bohemia; at Johanngeorgenstadt, Eibenstock, and Hchnee- 
herg. in Saxony ; at Reichenbach, Baden ; at Tincroft, Wheal Buller, and other 
parts of Cornwall ; Katanga, Belgian Congo ; etc. Analyses by (1. Wert her, F. Pisani, 
A 11. Church, F. L Hess, A. Pereira-Forjaz, V. Durrfeld, W Steinkuhler, C. Winkler, 
,1 J. Berzelius, A. Fronzel, W. Gregor, M. H. Klaproth, R Phillips, etc. The results 
correspond with copper uranyl phosphate, (hifro^tPO^.HHgO. Y. Bucholz 
found that the Cornish mineral contains 12 not Hll 2 0. C. Winkler observed that 
arsenic ucid may in part replace the phosphoric acid. F. IJenrich, and ,1. Hoffmann 
discussed the i adiuin content of the mineral. II. Debray obtained the octohydrat-e 
by adding uranyl nitrate to a soln of copper carbonate in phosphoric acid, and 
allowing the liquid to stand foi some tune, beat at 50° to 60’. Pale green plates arc 
gradually deposited. Torbernite occurs in foliated or micaceous aggregates, and in 
.square, thick or thin plates, and more rarely in pyramids. The colour is green in 
various shades which have been referred to as emerald-, leek-, apple-, siskin-, and 
grass-green. A. Schrauf gave for the axial ratio of the tetragonal crystals a:c 
- 1 : 2-9361 ; the (OOl)-cleavage is micaceous and perfect ; the la mime are brittle. 
A. F. Ilallimond gave 1 : 2974. The optical character is negative T L. Walker 
found thal the corrosion figures have rnonoelmic symmetry ; but F. Rinne 
obtained corrosion figures with cold acid, indicating normal tetragonal symmetry. 
Tho^ crystals were also described by A. Levy, P. A. Dufrenoy, E. Mallard, 
•b F. L. Hausmann, R. P. Greg and W. G. Lettsom, F. Hessenberg, W. Phillips, 
N. von Kokscharoff. C. F. Naumann, A. Schrauf, T. L. Walker, F. Rinne, and 
A F. Hallimond. A. Breithaupt said that the sp. gr. ranges from 3*329 to 3-372. 
In general, the sp. gr. of torbernite ranges from 3 33 to 3-60 ; and the hardness, from 
2 0 to 2*5. N. L. Bowen found torbernite occurring in Spain and in Cornwall. 
m . Steinkuhler gave for Cornish torbernite the sp. gr. 3*68 at 17°, and the hardness 2 ; 
while for a specimen from Katanga he gave the sp. gr. 3*84 to 3*951 at 17°. The 
mean index of refraction of the Cornish specimen was 1*591 to 1-600, and for the 
Katanga specimen, 1-600 to 1*618. B. Stoces found for some Bohemian torbemites 
p ranging from 1*610 to 1*628. According to A. F. Hallimond, the torbernite from 
Gunnislake, Cornwall, is metatorhernite, differing from torbernite in having the 
axial ratio a : l ; 2-97, sp, gr. 3*22, and refractive indices w— 1*592, and e— i-582. 
The sp. gr. of metatorbemite is 3*683 to 3*700 ; the refractive indices co= 1-623 and 
€^1*626 ; and the axial ratio a : c=l : 2-28. A. H. Church said that the octo- 
* l J r ~ ,0 £ e d mineral loses no water in dry air or in vacuo ; but at 100° it loses 6 mols., 
and the remainder at a red-heat ; Y. Bucholz said that the dodecahydrate loses 
mols. of water in a desiccntor ; at 95°, it loses another mol. ; at 148° tg 156°, it loses 
another 4 mols. ; at 220°, another 2 mols. are given off ; and the last mol. is 
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A. F. llallunond called a related yellow mineral from Basset, Cornwall, bassetite. 
It was analyzed by A. 11. Church. The monoolinic mineral lias the axial ration 
<t : b : e- 0-3473 : 1 : 0-3156, and /J 81)' 17'; the (001)- and (lOO)-cleavages are 
frond : the sp. gr. is .'MO ; the optical character is negative ; the optie axial angle 
2E- I I0 l ; the indices of refraction are/? - 1 -fi74 * andy— 1-580 ; und the plcochro- 
ism.jS, is deeji yellow, and y, pale yellow. Another related mineral from (Jedrutli, 
Cornwall, was called uranospathite ; it is psciidotctrugnnal and rhombic, with 
a : b : < — 1:1: It occurs in yellow or pale green tubular crystals, w ith 2 1 T --G9° ; 

the cleavages (00 1 ) and (100) are good ; the up. gi\ is 2-50 ; the indiees of refraction, 

1-5 10, and y 1-521 , and the pJeoehroisin, a. is pale yellowy and /?- y is deep 
yellow 

C. BlmkofT prepared calcium uranyl hydrophosphate, Ca(rO.J(]IP0 4 ) 2 .MJo(), 
by heuting uranvl nitrate with an excess of eone., mj. soln. of ealeiiim hydro- 
phosphate : at 50 l to GO" , crystals of the tvt rah/d tale are formed ; at i00 L , the Oi- 
hydiatr ; and at 250 \ in a sealed tube, the di hydrate. According to C. Bhnkoff, 
calcium uranyl phosphate is not produced by If. Liemiu’s method employed for 
the ammonium salt ; nor is it obtained bv mixing soln. of uranyl acetate and 
calcium ucefafe, or from an acetic acid soln. of calcium uranute and phosphoric 
acid. If, however, a nitric acid soln. of calcium phosphate mixed with an uq. soln. 
of uranyl nitrate, in the proportions CaO : V0 3 — 1 : 2, be heated in a sealed tube 
at 2O0 1 for a couple of days, yellow tetragonal plates of a basic suit, calcium uranyl 
dioxytetr&phosph&te, aVaO/ilO., 2P 2 <> 6 IGH»0, or (\i(n)g) s 02 (IM) 4 ) 4 1till 2 0, are 
formed. ('. BlinkofT added the calculated quantity (U0 2 : 1*0^ 1:1) of j)hos- 

]>horir acid to a soln. of strontium uranatc in acetic acid containing a few drops 
of nitric acid, and obtained a basic salt, strontium uranyl oxytetraphosphate, 
2Sr0.r>r0 : , 2iy > fl .24H 2 (), or 8r 2 (l\) 2 ){,O(P0 4 ) 4 .24H.i0. If no nitric* acid be used, 
and the soln. be much diluted before the addition of phosphoric acid, strontium 
uranyl dihydrotetraphosphate, Sr().4ro 3 .2lM) ;j .2llIoO, or Ht(1 , 0 2 ) 4 H..(1 i 0 i| ) 4 . 
2t )1I nO. is formed. A. Wcisbaeh obtained yellowish-green crystals of a mineral 
resembling autunile fioni Falkenstein in Saxon Voigt land. lie called it 
uranooircite. TJie analysis corresponds with barium uranyl phosphate, 
BnjrO.jJofPO^ji.SHjiO. so that it is a baryta-iiunuh , or a baryta -a utmutr. The 
rhombic ciystals have the ((KM) -cleavage perfect, and the (100)- and (010) -cleavages 
are distinct . The optic axial angle 2E 15 to 20' . The sp. gr. is 3-55 According 
to A, H. Church, the mineral loses GiM) in vacuo over sulphuric acid, and the 
remaining 2IL0 is lost at a red-heat. 1*. Gaubert found that at 150 the mineral 
passes into a Wfia-uranarircite n analogous to meta-uutunitc. While uranoeireitc re 1 pre- 
sents the octohydrate, (\ BlinkofT prepared the devahydrate, Ba(l 1 0 2 ) 2 (P() 4 )2.10ll 2 0, 
in yellow plates, by adding phosphoric acid to a very di). soln. of barium uranate 
in acetic acid; and the tridecahydrute, Ba(lX) 2 ) 2 (I > () 4 )i i .13II. a .O, by adding the 
calculated quantity of phosphoric acid to a soln. ot burium uranatc in acetic acid 
to w T hich a few drops of nitric acid had been added. 

As previously indicated, the mineral phosphouranylite contains 4 \ per cent, of 
lead oxide. A. JSchoep reported a radioactive mineral from Kasola, Katanga, 
Belgian Congo, as a cnnary-yellow f powder, which under the microscope is seen to 
consist of rectangular scales — probably tetragonal. The mineral was named dewilldt- 
ite — after J Dewindt. The analysis, after deducting impurities, corresponds with 
lead diur&nyl phosphate, 4Pb0.8V() ;j .3J > 2 0 fi .l 21100, nr possibly Cb(l]0 2 )2(B0 4 )2. 
3H..O. Its sp. gr. is 4*08, and the index of refraction exceeds 1-74. V. Billiet gave 
for the indiees of refraction a=l-7G2 and £ — 1-763. A. Schoep also found in the 
same locality a golden-yellow radioactive mineral which he named stasito — 
after J. S. Stas. It has the same composition as dewindtite, but consists of 
minute prisms with square terminations, and an index of refraction over 1*74. 
The cleavage is perfect in one direction, and the sp. gr. is 5*03. The evidence for 
the dimorphism of these minerals is doubtful. Another radioactive mineral 
from the same locality was called parsonite — after A. L. Carsons. Its analysis, 
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after deducting presumed impurities, corresponds with toad uranyl phosphate, 
1 > }> 2 (L t 0 - »)(P0 4 )^ HgO The colour is pale brown the structure is earthy — 
minutely crystalline to compact , the tabulai eiyhtals are inonoclimc m truhme , 
the sp gr is h 23 V Bilbet gave 1 85 for the a index of refraction of the mono- 
clinic crystals A Schoep obtained a similar radioactive nuneial fiom Chinkolobwe, 
Belgian Congo It was named dumontite— after A Dumont it forms tians- 
paienl or hie yellow, biaxial elongated prisma — probabl\ ihombu with the 
index of iefi action ovei I 78 It is atrongly pleochroic a, pale yellow j8, deep 
’yellow The anahsis agrees with 2PbO 3IT0 3 1^0 ri 5H 2 0 All the water is 
expelled at about 300°, ami oxygen is lost at 500° V Bribed gaye a 1 88 and 
y 1 89 foi the indires of ii‘fia(tion of the ihonibic crystals A Srhoep also 
desuibed renardlte named after A ¥ Henard— fiom the Kasola mine Katanga 
Its composition corresponds with PbO ICO* 1M.V, 9H d) it ocruis in minute, 
jellow flat lectangulai piisms belonging to tlierliomlne syste m, with a e — 1 08327, 
the (100) deayage is pcifect , the indices of refraction a 1 715, j9 1 73b, and 
y— | 73 and the sp gr is just ovei 4 The pleochroism a is colourless and j8 and 
y are > < How T \ lie mine ral fuses on e harcoal to u black sconaceous mass and it is 
reachh soluble m hot lutm en hydrochloric and In the lattei case, lead chloride 
is el< posit t d as the seiln cools 

\ Bn it li nipt drscvibed a mineral obseived on the uianium minerals of Autun, 
Pi mu Ste img Saxon \oigtlund Nculiainmcr Bohenui, and Jcihanngeoi gen- 
si nil Saxcny The mineral icsemblcs autumte m the fom sided rhombic plates, 
m irh letidgondl its colour is reddish brown or hyacinth nd and it js con- 
Mducd to la manganese uranyl phosphate, or mungnuo inamtc It was called 
fntzscheite after C L Fid/sche The sp gr is 3 501 and the briefness 2 0 to 2 5 

V Fiscal pie pared silver, barium, and lead uranylhexametaphosphates, 
Mj|l 0 (l'Odfll r lhey ale obtained by fusing the alkali tunic taphosphatc at about 
700 ind e lulling the fused miss rapidly The piodml tonus the complexes 
unhealed wlien tic ited with salts of the corresponding me tils 

\ AN ( mnandej pn pined unwnnn phosphoditni hlondf ItlfjPM, ndt s npia 
\ C ol mi treated rnc fujiliosphorie acid with uianiuni 1e trac liloride at a clull led 
h< it i mi obtained uranous tetrachlorophosphate, r<(PO,) 4 l ( 1 4 and also by 
the acti in cd uianiuni tetiae blonde on uiaiious pyrophosphate The gre en ihonibic 
instils have the axial ratios u b ( ()HV7t> 1 0 1737 Tv inning occurs 

“bout the (101) plane and the (101) and (100) cleavages ne complete' r lhe salt 
is spimngh soluble in hydiochlonc and, but readily boluble in intiie acid and aqua 
ugia J AJoi obtained uranous tetrachlorohydrophosphate, I (Hl , () 4 ) - 1 < M 
in green crystals from a soln of uranous hydrophospliate in c one livdroc lilone at rd 

AA lie mt ✓ allowed a mixture of nitnc acid and uranyl hy drophosphate to 
st ind in the cold and obtained aggiegatcs of yellow micioseopic prisma of uranyl 
nitratophosphate, 21 O t N 2 Or, P^O r) IbH^O The salt me Its when heatc d and guess 
otT mlrous fumes and water It is soluble in warm water, and ihe soln deposits 
the hvdiophcmphate (l T O ii )(HI > () 4 ) 4 JH 2 () The salt is soluble in nitric hydro- 
chloric and sulphuric ae ids , acetic acid does not form a clear soln in the cold 
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CHAPTER LX1V 

MANGANti&E 

§ 1. The History o! Manganese 

]h* mineral commonly culled pyrohmte has been known from ancient times. 
It w is used then, as it is now, for bleaching glass , this it does by disguising in some 
v\h) the green or jellow (olour produced by iron oxides present hr impurities m 
flit raw materials, et< Indeed, it is the references to the use of this mineral for 
decolorizing glans which enable the specific mineral to be traced through writings 
from the first centur> up to the present time Tn the first century of our era, 
Diosr omits in his TIepi "yAijb 'larpiKrjs (5 93), referred to the paynqs Aiflo? as a 
iniior d which had the powei of attracting iron , and Plm\, m his Histona natural™ 
(36 2 r i 6b), to tlu maqms or lapis maqms- that is, the loadstone, or magnetic 
oMtlc of non Him said 

W hul is 11 <n f iiclnwt d with inoio marvdl >us piopcrtics than the magma 7 In which 
U In i He ]uiitiruitts has Niiturn iliBjjlayi <1 ^rc aior waywardness * What is there in 
i Mstuai men unit ilinn apiici of ligid Rtonn And ytt, behold! Nature lias endowed 
tli h in w it h loth si ii ■'i and handb Wliat m tlurc more Htubbom than iron * Yet the 
m n alii vi h ilstll to be at liar tc d unclu the im sltnoiis and invisible influence of the magnra, 
ft r t) non sfiungs tuwuid* it and is hold fait bv its embraces 

Him thtn described five diffcunt kinds of lapis maqnes, and he classed them as 
m de and female The male varieties w ere said to be more red than black , and he 
addi d that the fourth kind, found near Alexandria, in Troas, is lilac k, of the female 
st \ rind consequently lias no attractive power , while the fifth kind comes from 
Mdgufwn, in Asia, is white*, and has no attractive power Plmy here seems to get 
confused in his classification Plmy also said that in Ethiopia there is hcematUts 
miqties, a mineral of blood-red colour The hamahtc s has not the same property 
of attracting iron as lapis miqrn In the second century of our era, C Galen 1 
described bloodstone as maqmtes In describing the manufacture id glass, Plinjp 
said that “in the course of time, as human industry is ingenious in discovering, 
lapis maqms began to be employed as one of the ingredients of glass, fioiu the 
miprcRsion that a magnet could attract glass as well as lion * \Vhether or not 
Ja pis maqms was first used in glass making flora the application of a wrong hypo- 
thesis, it as mure jirobablc, said J Beckmann, that the early glass makeis tried 
' arious minerals for c olounng glass , and they must have soon found that one 
kind of lapis maqms, according as it is used in greater or less quantity, imparts 
to glass man} beautiful shades of colour- violet, red, and dark brown. They pro- 
bably also found that when a very small proportion of this kind of lapis maqms 
^as added, the glass became colourless In this way the glass-makers were able 
to make glass vessels which, m the words of Plmy, were “ entirely colourless and 
tiansparent, and as nearly as possible resembled rock crystals ” — Maximus tamen 
luma* w ctmdido translucenhbus , quam proztma oq&talh simihtudine The evidence 
is thus fairly clear that sonic varieties of pyrolusite, on account of their external 
reseniblanc e to the magnetic minerals, wore classed with the lapis maqms. Pliny 
added that, on the authority of Nicander, the term magnes comes from the name 

m 
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of the person who waa the first to discover the mineral on Ida, for when Mugnes 
was taking his herds to pasture he found that the nails of his shoes and the iron 
ferrule of his staff adhered to the ground. Pliny said that the lapis magnes wrh 
also called sidera, as well as heruclion . The former term no doubt conics from the 
Greek criSr/po?, iron, and the latter from Heraclea in Lydia or Thessaly. The 
term magnesia can also be referred to the locality, Magnesia, where the fifth variety 
of lapis magnes occurred. According to L. Delatre, the term is derived from 
payyavov, meaning a delusion or mystification, in allusion to the brittle mid unstable 
(oxidizable) nature of the metal which it furnished . Writers in the Middle Ages 
came to use the term lapis magnes or lapis maynesius for the magnetic variety, 
and magnesia for the noil-magnetic mineral of a similar appearance. Thus, the 
tenth-century Arabian writer Avicenna, in his ('anon medmna (Vcnctiis, 1. 356, 
1608), has a chapter entitled De magnet e, and another entitled De magnesia, and 
he definitely distinguishes between the magnetic and the non-magnetic minerals ; 
■while the thirteenth-century Albertus Magnus, in his Dr wineralibus, said that 
maqnesia. which some call maijnosiam, is a black mineral frequently used in glass- 
making. The use of the mineral in glass-making w as mentioned by Roger Bacon, 
Basilius Valentinus, C Leonardus, B. P. de Vargas, K. Boyl*\ M. Mercatus, A. Neri, 
and many others. V Biringuccio said that the mineral manganese which is found 
at the mountain of Viterbo, Tuscany, as well as in Germany, is the colour of iron- 
slag. He added that no metal can be obtained from it by fusion, but it impurts 
a fine azure colour to glass ; and when put into molten glass, the glass is cleansed, 
even if it were gTeen or yellow'. In a hot fire it gives off a vapour like lead, and 
turns into ashes. G. Agricola made similar remarks about the use of magnes in 
glass. 

About this time the w'ord came to be written in many w T ays H. Curd a huh, 
and M Mercatus used manga nens is, C. Leonardus, manqanrsum, and V Biringuccio, 
manganese. In addition, I). G. F. G. Fuchs said that the terms manga nesia, 
maynesir , megalaise, maqalaise , magne , magnesia nt nanoram , magnesium, magahra 
sitiens , and ferrum nigricans spledens IVolstendor/i were employed (). Vogel 
discussed the origin of the term “ manganese." 

Paracelsus spoke of the magnesia of the philosophers, but did not refer to its 
use in gluss-making— mde 4. 29, 1. As indicated in connection with magnesium, 
the term magnesia alba w^as applied to the magnesian earth in contrast u it li magnesia 
nigra applied to the mineral now under discussion. The term Brawnsteui appears 
in BaHihus Valentinus' Letztes Testament , where the word is used for the ferruginous 
earths employed by potters for painting , C. Schwenkfeld used the word in a similar 
connection. A. Ciesalpinus referred to lapis manqanensis as fvirum mineral isatum, 
minera fuliyinea , manus wqumanle , quir sparsrm sir us con ue/yentibus constat ; and 
nearly a century later the Swedish mineralogist J. G. Wallcrius included with 
brunsten the varieties magnesia solida , magnesia striata , magnesia squamosa, and 
magnesia tessulate , used in tempering the colour of glass. S. A. Forsius called 
the mineral manganaisc gris , and C von Linnauis, molybdenum magnesn. 
W. Haidinger called the different varieties of these earths pyrolusite -from i rvp, 
fire ; Xovtiv, to wash, in allusion to their use for discharging the yellow and green 
colour from glass, and they were whimsically called sapo vUrumorum, or le savon 
des verriers , by J. B. L. Rome de I’Tsle. 

The mineralogists of the eighteenth century did not make much progress in 
establishing Braunstem as a specific mineral, for this term, as well as the several 
variants of lapis magnes, was applied to common iron ores, and sometimes 
to pyrites. Observations on the mineral were made by J. C. V. de Bomare, 2 
F. E. Briickmann, F. A. Cartheuser, G. de Courtivron, J. A. Cramer, C, E. Gellert, 
E. F. Geoffroy, C. A. Gerhard, J. F. Henkel, B. 0. J. von Hermann, J. Hill, 
P. J. Hjelm, J, C. ilsemann, J. H. G. von Justi, V. Krautermann, J. G. Lehmann, 
H. Maret, I j. B. G de Morveau, J. T. A. Peithner, M. Pomct, J. B. L. Rome de 
I'lsle, M. B. Valentini, J. G. Wallerius, J. F. Westrumb, J. L. Woltersdorf, and 
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1 J Woyt A Libaviue erred m classifying the mineral with the antimony ores , 
and C \on Lmurpus, with molybdenum ores J H Pott showed that the iron 
( untamed in the mineral is an accidental and not an essential constituent, and he 
obt lined a mimbei of salts from the mineral, but he did not recognize that he had 
in hand the salts of a now metal In common with J W Baumer, S Rinman, 
(i A Siopoli, C F G II Westfield, A G Werner, G de Courtivron and P A Ger- 
hard J II Pott regarded Brnunstewri as one of the alumina earths A Cronstedt 
supposed that the mineral contained essentially tin and B G Sage inferred that 
it is a mineralized mixture of cobalt and zinc In 1770 J G Kami extracted a 
legulus In heating a mixture of pyrolusite and black flux at a high temp , but 
tin olisc nation does not appear to have been followed up 

In 1771 C 1 W Sc heelo 1 in bis hk moir Om Brunsten elkr Maqntwa showed 
tint Brauvdnti is the oxide of a peculiar metal, for in its reactions with acids 
md v lrious other reagents it gives results exhibited by the oxide of no other metal 
lb sud that Braunstun contains a calx which resembles lime in many respects, 
md Ik i ven tried to find if 1 1n one ( an be converted into the other but with negative 
results He showed tint the mineral hris a strong attraction for phlogiston 
mi ii mg that it readily gives uA oxvgen and forms colourless salts Koln of 
minimise which did not coiitun phlogiston meaning the oxidized salts were 
< i] tine cl As a result of his experiments to discover the constituent parts of 
Ilrimstfh ( W S( he c h sud I havi not yet been able to produce the metal 
oi i ufi r in h\ s\ uthe ms whit I lnvc learnt bv analysis T Bergman ])ointed out 
tint ill Iinunh the new metal hid not been isolated its existence had been mean 
trslahnntnit itabhi by ( V\ Scheclc J G Guhn isolated the metal in 1774 A 
u] cut of the in\t stig ilion does not appear to have been published (' W Scheele 
mu t hive Ihcu c loselv connected with the work, and he supplied J G Gafin with 
nntmds Fins is shown by the following excerpt from a letter fiom C Vn Scheele 
to ) ( - < » ihn 

I T |wala dmi U> Mai 1774 

II < lifj « hilt t H< ri ' 

J mil Minting Inn with mime dtptntrftn BravnHtnn, in win h I think it will bo 
lilli nil U Idu I nnv iron 1 should Jm\c sent it by llie previous pout but I had none 
mu tv I hint Itstcd \oui ridutnUn Biaunnlan, and iind that ll is a Butunuhnurdc 
mutt I with a lit t b non and ninth phlogiston X our experiment therefore gives me great 
satisfiiitic n and I am \ agt 1 to know what will bt the result of tnatmg this punfied pyro 
fusil in >nur furnart 1 liust that \ou will send me a littlt oi the rtgulua as hooii as 

|IOSKlhl( 

1th bin Jhio tht iiHtsrhuldigsU'r Dinner 

t W Sc H* hhf 

The leduccd pyrolusite' rcgulus, and the ‘ pyrolusitic ore united with a 
little iron and much phlogiston' obviously refer to J G Gatins isolation of 
the manganese Immediately afterwards T Bergman obtained wlmt he called 
nuujntwtim oi miqntsmm uquhmnn These observers do not appear to have 
known that J G Kami, four years tarher had obtained a rcgulus from Braun 
In the English ti auslation of T Bergmans memoir, the metal is called 
wanqnn cm Theie was some confusion about this time in the nomenclature* The 
nictd was also called BraunsUmlomq oi Brauvstein riqulwt, and Btaunslan Htdal 
M H Klapmtfa at first used the tcini BinuHstnnlmlk, and thin apjieared in the Eng 
hsh tianshition as rmc/c of tnanqatu sr and soon afterwmds (1807) M H Klapioth 
hiinsi If adopted mantjant sc foi the name of 1 ho element The term mmuj anese 
* as advocated by 1* K Buttmann, and it epnckly came into geneial use udv 
magnesium 4. 2*1 I M K Biunnich U Kirwan and G Hagen at hist regarded 
niang mose as \ sum metal Ifalhmt fall The observations of .1 G Gahn, and 
T Be lgrriau wen suhse cjm ntly confirmed by 1* de la l*c y muse L B (J dcMoivcau, 
y- * NeheAcr K Knwan S Rinman J (* Usemann K A V Gren P J Hjelm, 
^ 1 Bimlheim and I F John The development of oui knowledge of the 

individual compounds is indicated in connection with the desc 1 iptions of them 
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§ 2. The Occurrence of Manganese 

Manganese itself does not occur native, but it is widely diffused in small quanti- 
ties as oxide, silicate, and carbonate, and less frequently as sulphide, phosphate, 
tungstate, columbate, etc. Manganese is about the fifteenth in the list of the most 
abundant elements in the earth's crust. F. W. Clarke 1 estimated that the known 
igneous rocks of the earth's crust contain 0-125 per cent, of Mn ; shales and sand- 
stones contain traces ; while the limestones of the earth's crust contain 0-05 per 
cent. MnO. The known terrestrial matter in the earth's lithosphere contains 
0 09 per cent, of Mn ; H. 8. Washington gave 0-07 per cent. F. W. Clarke and 
H. S. Washington gave 0*10 per cent. Mn for the average composition of the known 
igneous rocks, whilst J. H. L, Vogt gave 0-075 per cent. Manganese is less abundant 
than titanium or hydrogen, and more abundant than sulphur, carbon, copper, and 
nickel. W. Vernadsky gave 0 028 for the percentage amount of manganese in the 
earth’s crust, and 0-09 for the percentage atomic proportion of manganese. W. and 
J. Noddack and O. Berg gave 7 X 10“~ 2 for the absolute abundance of manganese in 
the earth ; and A. von Antropoff gave for the atomic percentages 0-36 in stellar 
atmospheres ; 0 035 in the earth’s crust ; and 0-06 in the whole earth. The subject 
was discussed by H. S. Washington, O. Hahn, J. Joly, V. M. Goldschmidt, G. Tam- 
rnann, E. Herlinger, P. Niggli, H. von KUibcr, and It. A. Sondcr. 

Manganese also occurs in extra-terrestrial bodies. H. A. Rowland 2 included 
manganese in his list of elements whose presence had been established in the sun. 
Reports of spectroscopic observations on the manganese lines in the solar and 
stellar spectra were made by J. N. Lockyer, S. A. Mitchell, 8. Albrecht, P. W. Mer- 
rill and C. G. Burwell, C. Young, C. G. Abbot, F. J. M. Stratton, H. von Kliiber, 
H. N. Russell, 0. H. Payne, E. p. Waterman, P. W. Merrill, J. Stebbins, W. 0. Rufus, 
C. D. Shane, G. E. Hale and co-workers, F. McClean, A. J. Angstrom, and A. Cornu. 
W. W. Morgan studied the manganese lines of a-Andromedae. In 1804, M. H. Klap- 
roth 3 observed the occurrence of manganese in meteoriles from Siena, Lissa, 
Smolcnski, and Stannern, and since that time numerous analyses have been reported 
in which the manganese ranges up to 5*77 per cent., as F. Koch found to be the 
case with a meteorite from Moca. G. Berg, and E. Herlinger reported an average 
of 0*22 per cent, in stoney meteorites ; and O. C. Farrington, an average of 0-03 
per cent, in all available analyses of meteorites. J. and W. Noddack’s estimates of 
the percentage composition, and of the atomic distribution relative to oxygen 
unity, are : 

Earth's crust. Igneous rocks. Meteoric iron, TroiUte. Atomic distribution. 

80x10-* 2*06 X 10~ B 30X10“* 40x10-* l-BxlO“ B 

F. Zambonini found manganese occurring in mineral vesbine from Vesuvian 
lava. The manganese minerals occur in igneous, motainorphie, and sedimentary 
rocks. They also occur in mineral veins traversing these rocks, as original minerals 
formed at the same time as the enclosing rock, or as secondary minerals formed 
by the chemical alteration of pre-existing minerals in the rocks or veins or by the 
introduction from without of manganese salts in soln. Secondary manganese 
minerals are also formed by the weathering of these minerals when they are exposed 
at the surface. The oxides of manganese occur in metamorphic rocks and in veins, 
but rarely in igneous rocks — 0. A. Derby 4 described such a case. The carbonates 
occur in ail except the igneous rocks. The silicates are characteristic of meta- 
morphic rocks ; they also occur in igneous rocks, rarely in mineral veins, and Reldom 
if ever in sedimentary rocks ; the titanosilicates are found in igneous and meta- 
morphic rocks ; the columbates, tantalates, and tungstates are found in veins in 
igneous rocks ; while the phosphates, arsenates, and antimonates occur in both 
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igneous veins and met&morphic rocks The formation of manganese deposits 
has t>cen discussed by R Beck and W H Weed, J Bellinger, G Bertrand, G Bischof, 
F W Clarke, L Dernaret, C F Diake, W H Emmons, L L Fermor, E Fuchs 
and L de Launuy, G de Geer, E C Harder, S Iinion, 0 A Morcing, R. A F. Fen- 
rose, G Kother H Last h, A W. Stclzner and A Bergeat, G A Thiel, J II L Vogt, 
T L Watson, G Berg, etc 

Manganese and iron are dissolved fiom crystalline rocks, going into soln as 
sulphate 01 carbonate and being re deposited as carbonate, oxide, or hydroxide , 
and E C Sullivan showed that the manganese is dissolved by carbonated water 
or dil sulphuric aud more readily than iron V Vincent made some observations 
on the solubility of different forms of manganese in carbonated water Manganese 
dissolved as carbonate, sulphate, or phosphate is precipitated by oxidation generally 
in the form of pyrolusite, as hydrated psilomelane, wad, or as hydrated hemi- 
tnoxide The colloidal or gel precipitate readily udsorlm barium, potassium, and 
other salts , and as shown by A Gorgeu, it may slowly crystalline This deposi- 
tion is exemplified by the dendritic infiltrations which occur in many rocks, as 
illustrated In Fig 1 by L L Fermor, which shows the dendrites of manganese 



Fio 1 Dcndntu Initiation of Mangajum Oxide on Sandbtone (('cnlial India) 

oxide on some sandstone in (Vntral India , and by the black coating which mu) be 
found i overmg river pebbles, or surrounding manganiferous spimgs H Leitmeier 
discussed dendritic formations W A Tarr discussed the rhythmic banding of 
manganese dioxide m a tuff G A Thiel found that manganese is deposited from 
very dil miIii of tnenganese sulphate or hydrocarbonate (32 to 2(K) parts Mil per 
million), with m without peat solution or ferrous sulphate, when kept m contact 
for several months at the ordinary temp with various minerals and rocks ui a 
powdered form Magnesium carbonate, either as a mineral or as a loek con 
atituent, is the most active agent for precipitating manganese from such solutions. 
Iron carbonate and calcium carbonate produce partial precipitation fiom carbonate 
solutions, but have no effect on sulphate 1 soln in association with humic acid 
Silicates are very inactive The nodules of manganese dioxide are found as nodular 
concretions made up of concentric layers thin on the outside but thicker m the 
mteiior Many contain fragments of pumice-stone, sharks 1 teeth, mollusc shells, 
coral, etc , as njiclei The deep sea nodules were found by the Challenger expedition 
in the deep sea led cluv at depths of about 2220 fathoms and they wore especially 
abundant between Hawaii and Julian The Gaze lie expedition found the manganese 
nodiiVs in many parts of the Pacific Ocean, and partiruiail} near Cook Island; 
W'hile C Chun found manganiferotis iron nodules in the South Atlantic Ocean at 
a depth of 6700 metres A H Church c ailed the nodules 'pelat)Ue i and they have 
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been also called halcbohie Similar nodules wcie found by N Andrussoff in the 
Black Sea, and by J Y Buchanan in the shallow waters of Lock Fyne, Scotland, 
but, as shown b} J Murray, they are more characteristic of the deeper ocean 
abysses Similar nodular forms of terrestrial origin wore recorded b> M Thresh, and 
W M Doherty ,1 Murray and R Irvine suggested that the manganese nodules 
are derived from the subaqueous decomposition of volcanic debus , but V W von 
Gumbel attribute^ then formation to submarine spring waters holding manganese 
in suln , which is piecipitatcd by contact with sea water J Y Buchanan assumed 
that organic matter leduced the sulphates of sea water to sulphides, which pre- 
cipitated the iron and manganese as sulphides, which were subsequently oxidized, 
but R Irvine and J Gibson showed that sea water would decompose the sulphide 
to form soluble manganese hydrocarbonate -1 B J D Boussingault, and L Dieu- 
lafait supposed that the manganese oxide is formed by the oxidation of the car- 
bonate in soln at the surface, and that the precipitated oxide subsides to the sea 
bottom The sedimentary deposits may be formed in many ways Bog, swamp, 
and sinter deposits, as wad, HTe common, and have been described by F R Mallet, 
L L Fermoi G Bischof, H Lascli, and J H L Vogt As m the rase of hjdrated 
non oxide (q t ), bacteria play an important part m the deposition of hydrated 
manganese oxide Pipes and meteis strung mangamferous water acquire a thm 
ln> c r of yellowish lion oxide on the walls and over this is a layer of a mixture of 
inanpaiic si and iron oxides The subject whs discussed by V Zapffe 

( unously enough although the manganese and iron are dissolved from the rocks 
by the same reagents thov nmy be partially sepaia ted when the I e-deposit ion occurs. 
Tin separation is not complete foi mail) hII hmonitCH contain some manganese, 
and nmrlv all psilomc lanes contain some iron ( R Freseiims iound that the 
waini carbonate waters of Weisbadeu deposit the iron as hydroxide, leaving the 
manganese in soln as hydioc arbonatc The manganese is thus earned bj the 
water further than the iron E 0 Sullivan also found that almost all the iron is 


precipitated bj calcium carbonate fiom a mixed soln of ferrous and manganese 
sulphates before manganese is deposited This is in agreement with the thermo- 
c lu lineal argument of L Dieulafait F V Dunnington also proved that acidic 
soln of ferrous sulphate formed by the oxidation of pyrites, etc , can dissolve 


manganese oxides, forming, under favourable conditions, feme sulphate and 
hydroxide The soln of feirous sulphate, in contact with manganese carbonate, is 
rapidly oxidized by air, forming manganese sulphate, feme hydroxide, and carbon 
dioxide When the mixed iron and manganese sulphates come in contact with 
limestone, the two iron sulphates react, forming carbon dioxide, feme hydroxide, 
and calcium sulphate, while in the absence of air the manganese sulphate has very 
little action on calcium carbonate, although in the presence of air, manganese oxide 
is gradually formed. Consequently, when a soln of the mixed sulphates percolates 
through limestone, the iron will be precipitated and the manganese will remain 
in soln until the soln in contact with calcium carbonate is exposed to air. 
G A F MolcngraafT made observations on the manganese nodules 

■From the thermochemical relations 2Fe() f 0 — Fe,0 3 |-26G Gals, and 
^ () + 2C° 2 = 2 FeC°3-( iO-U Cals , and 2MnO f() 2 -2Mn() 2 +21-4 Cals, and 
2MnO f2C0 2 - 2MnCO a +13 6 Gals , it is probable that when oxygen and carbon 
dioxide in excess are in contact with weathering silicate ioeks, the oxides Fe 2 0 3 
and Mn0 2 and not the carbonates will be formed , while if the gases are not in 
excess, Fe 2 0.j and MnC0 3 , not Mii0 2 and FeC0 3 will be formed Ferrous carbonate 
—spathic iron ore- -will be formed under reducing < onditions Other things being 
jqual, if minerals are formed from aq soln , that which has the greatest heat of 
iorni ^ lon should preponderate over the others Of the common manganese com- 


__ Min mnu luuv uj miU| 

(Heats of formation) 22 0 47 4 54 2 58 1 Cals 

pyroluBite, Mn0 2 , might be expected to prepondeiate over the others As a matter 
VOL. xii r 
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of fact, this mineral is the most abundant ore of manganese, while manganese 
sulphide with its small hcnt of formation is comparatively rare. There is need for 
more care than usual in applying thermochemical data to geological problems, 
because minerals may be formed under very different conditions -temperature and 
pressure — from those which obtained when the data w'ere determined. 

The geographical distribution of manganese 5 is illustrated by the map, Fig. 2, 
The main localities arc as follow' : 

Europe. The manganese ores of the United Kingdom 4 arc derived inuinly from doposilH 
in Wales — Carnarvonshire' and Merionethshire— where rhodochrosito predominates; and 
from Launceston, Cornwall, and Brcmtor, Devon, where tho chief ores are pyrolusito and 
rhodonite. A little wad is obtained in Derbyshire. Tho manganese ores in boot land have 
been worked only on a small scale ; and m Ireland there are occurrences at Sutton, Co. 
Dublin, and a few other unimportant localities. The chief occurrences of rnangancso oro 
in France 7 are at the Cabesses mine. Dept. Arirgc, and mines in the department of Satiric- 
et-Loir. Tho former ceased work m 1904, and the output from the latter is small. The 
production of manganese oro in Portugal 8 is small. The workable deposits of manganese 
ore .in Spain* are the carbonate in Seville, Ciudad Heal, Huelva, Gernna, and Oviedo. 
In Italy 10 deposits of manganese ore orcur in Liguria, Tuscany, etc. ; on Monte Argontario ; 
Carrara ; Rapolano ; the Island of Elba ; Turin ; Pralorgnan ; Piedmont ; and 



Fig. 2. -The Geographical Distribution of Manganese Ores. 

Garnbetosa. Tho ore is usually somewhat siliceuns. There are hIho deposits in Sardinia, 
and at Jglesias, on San Pietro Island, off Sardinia. Deposits of manganese ore occur in 
Greece 11 on tho islands of Milo and Andros, but the output is small. There are also tho 
Kassandra mines of Salonika. In Turkey 13 there are deposits in Aidin, Pirga. and 
Surmcntih. Occurrences have been reported in Yugoslavia 18 ; Albania 14 ; near Brostoni, 
Sucova, and ut tho Arschitya mine near Jakobony, Roumanla 14 ; and Wandenlitzon in 
Carfnthia 1U ; in the old Austria-Hungary , 1 7 including Bosnia and Herzegovina, the chief 
producing cent res are Bukovina and Carintliia. Deposits also occur in Carniola, Bohemia, 
Istna, and Slyna. In Bulgaria 18 there are deposits at Jamboli, Bela, and Dobra Nodojda. 
Nearly nil the manganese ore produced in Germany 18 comes from the neighbourhood of 
Coblenlz ; und there are manganiferous iron ore doposits near Sicgcn and Nassau. In 
Belgium 80 manganiferous iron ore is mined in the province of Litigo. In Swrten 21 the 
chief producing districts are Undents, West Gothland, Wermland, and Jonkdpings. The 
ore obtained is pymluBito and manganitc, hausm&nnite and braunite, and carbonate and 
silicate accompanying iron ores. The bulk of the world's output is obtained from 
Russia . 22 The Georgian deposit* are estimated by D. Zereteli to contain 220x10® tons, 
while 73 > 10* tons have already been extracted — principally from tho Tschiaturi mine. 
There are also extensive deposits in the Union of Socialist Soviet Republics — notably in the 
Nikopol and Gaisinsk districts, the Urals, Siberia, and North Caucasia. 

Asia. A. Gaudry 22 described the rnangancso doposits of Cyprus. In Asia Minor 24 
there is a deposit of ore, chiefly iisilomolane and manganite, near Surmeneh, on the Black 
Sea. A largo proportion of tho world's supply of manganese ore comes from India . 26 The 
deposits of economic value arc thus divided by L. L. Fermor ; (i) those associated with a 
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Rones of mangamfeiouh lntiusives, notably in Vizagapatam, Modi as , (n) those associated 
with tho Dharwar rucks, in Gangpui, Panch Malialri, Jhabua, Balughat, Bhandra, Chind 
aaia, and Nagpui , and (in) those occurring oh latoroid replacements on the outuops nl 
the Dharwar rotkh in Singhbhum, Jubbulporo, Bellai Sandm, Chilaldrug. kadui, 
Shimoga, and Tuiukur, and in Goa of Portuguese India Theio is a small deposit at 
Ampitiya in Ce\lon 26 

A A bankoff 17 desuibed the deposits in Kara Tsdiaguir, Fergana In Borneo 11 
manganese occurs at Gunong Bcssi and in Bundjennassin Deposits occui m Ptngtvuh 
and Nonggolau, Java ; there is a deposit of manganese ore m the Federated Malay States, 
at lonibun , and in tho Philippines, 29 m Nagpartion, und on tho island of Mashati Tho 
deposits in China *° were described by V K Tmg Tlu ro am numerous dt posits of 
manganese ore in Japan 81 — in Hokkaido, Aomori, Kitaynma, Akita, etc. 

Africa. Largo manganese deposits occur in Morocco 32 , in Tunis," near Am Mulaies , 
in Algeria, 91 at Soukalira* and Tobessa , and m tho Sinai ss peninsula — Um Bogina Hills, 
Gi hcl I T m Rinna , Wadi kharig, Wadi Baba, Wadi Naseb, Wadi Abu Harnata, Bir Um 
Hand, Abu Zeniinn W adi Urn bakran otc In wliat was Gorman East Africa manganese 
ore or c ms m tin Unaka district and in the Kqiengole llille There iw also a deposit in 
British Last Afnc a , in Somaliland 80 , and in I’oitugucse Angola. 81 Manganese oics oci ur 
in tho Katanga of tin Belgian Congo 31 , and on the Gold Coast 89 at Dagwrna in the 
W assay* distrut A I Kit eon described the deposits as of three tyj>os (i) Manganese 
bearing argillaceous phyllitos and fine mn a sc hints, with subordinate siliceous phyllites 
Hiese rnrks are only slightly altered, and tho manganese oxide is m the form in which it 
was onginally deposited in the sediments (u) Spessartito (manganese garnet)— quartz 
iock, with ni without rhodonite (manganese silicate.). Associated with hiotite paragnciss, 
biot ite si hist, amphibolite, etc Those aro highly ultued forms of the first group 
(in) Segregation deposits formed by surface tonu ntratinn ol manganese oxide duiing tho 
weathering ol rocks ol the first and Hecond tvjKs i lie special economic importance of the 
manganese deposits is dependont upon the degree of concentration that has taken plate 
Lht so deposits occur in numerous districts in tho Gold Coast Colony Ashanti, and the 
Northern 1 emtorits Owing to folding of the hi dime nts they are \ lsible at many plac es from 
the llunm Ki\ei, near Dixcove, on the coast to tho north west corner of the North* rn Tern 
tones !c r a diet onto of some 440 miles Thu laigest deposit occurs ut Jnsuta Dagwin, 
Gold (in«l there bio also deposits neai Zuaragu, W a, and Kalimbi Hill A small 
dc i emit of hiUntic manganese oio occurs n< ar Soinabulu in Rhodola, 40 and there is a deposit 
on St Helena According to B Dent, an old pyrolusite mine occurs on Cliow a, Kafu 
lair ad /i (the place of iron), east of Broken Hill, and ho suggested that tho mines were 
wi rked m pic historic times In South Africa 41 theio are deposits in the Cape Province — 
Hoot s Bay, Constantin Nek, Kogol Bay, near Woi tester, near Wellington, I ranch Hook, 
and (ulfdun In tho Tiansvaal there are deposits near Pretoria, and in Natal, in tin 
\iyh(id district, Nyalisa, Bellevue, Kruisfontein, and Baviaan s Kranz 

North America. There are deposits of manganeso ore in several provinus of Canada 42 
* q near Kasio, British ( olumbia , near New Boss, and at the lonny ( apt Mines, Hants 
C c in Nova Scotia , at Markliamvdle, Joidan Mountain, and Dawson battlement m Now 
BtuiiHwuk , in tho Ncstapoca chain of islands, and oil tlie Amlicrst Island in Quelxo , on 
L ypic«m Hill Alberta , and at Manuels, Topsail, Long Fond, (Tiepel Co\o, and Briguo on 
ton(e]diun Bay, Newfoundland In the United States 43 theio are deposits in ( tdi/omia 
in the ImiHibcan formation of the Coast ltangcs, in the Sierra Nevadan, in the counties of 
In^o ban Bemadmo, San Joaquin, and Al&mtda In Vnymia there is a large deposit at 
Lrirnora and in many other localities In Gtorgxa the commercially valuable deposits are 
hmmd to tho northern part of the state In Arkansas there are deposits in the Ouachita 
Mountains and in the Batosviilo field m Independence and Izard oountieB In Montana 
there are deposit* of manganderous iron oie in Western Butte and at Phdipsbuig In Idaho 
• heu arc deposits in Bannock Co In Colorado there are deposits north west of Leadville. 
in Ni iad a deposits oc ( ui in the Ely and Siegal distnc ts of W hite Pine C o In Utah tlieie are 
seveialdcpobilB near Monroe, Sevier Co , Manning Canyon, neai Marysville , near Junction, 
1 1° » and neor Pahreah, Kane Co There are deposits at 1 ombstone in Arizona , 

atl ” 1 ” e . r -Kingston, and Lake Valley in Now Mexico , at Jewel Cave, South Dakota , 
ncui Whitfield, in tho Clulhowoe Mountain Bange, near Morristown, and noar Sweetwater, 
nu *} n f S8€t > 1,1 iron, Reynolds and Madison counties in Missouri , near Lohigh m 
Klat ortia , m Cleburne, Cherokee, Blount, and Etowah counties in Alabama , in the 
south west of North ( arohna , in a belt extending from Now Market, Greonwood Co , to 
McLorinick, Abbeville Co , and in Chestei and Ureenoville counties, South ( arolina , 
deiunoio, 14 tst Virginia , near Harper b Ferry, Keysor s Ridge, and Bcai Creek, and in 
pJSf;*' and Frederick counties, Maryland , South Wallingford, and the Brandon and 
j . ^•uden areas of Vermont , at Ironton, and on the Broad Mountain and in the Phila 
ptua and Chestei counties, in Pennsylvania , near Clinton, Neu, Jersey , and inangam 
lr ° n 0le 1B miae< i in the Lake Supouoi iron district. In MaxleQ 44 manganese oie 
il A i 611 rf !P ot y e( i m the districts of Acattan and Tepexi, near Coxcatlan, Guerrero , Sierrita 
ahualco, Puebla , at Pachua and Beal del Montu, Hildalgo, and Tetela del Oro. 
i tno Wat India 15 there are three groups of deposits in Cuba the Christo, the 
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Fonupo, and the Cauto, north of Santiago ; and in the San Maestro range. There are 
deposits at Coteaux in Hnyti ; at Marshall'?: Hall, Portland, in Jamaica ; and on 
St. Thomas Inland. 

In CosUkRloa 48 there is a manganese ore mine at Playarroal. There are several deposits 
on the Atlantic coast of Panama. 

South America. Fully 1)5 per cent, of the manganoso ore prod need in Brazil 17 comes 
from the Miguel- Bumicr, Ouro Preto, and Lafayette districts of Minas Geraos. Manganese 
ore has also boon found in the states of Bahia, Parana, Santa Catharine, and Matto Grosso. 
In Chile 48 there are ores in a limestone-chert formation in the Carrizal district ; ores 
embedded in sandstone, shale, and limestone in Las Can as, La Liga, Arrayan, and Corral 
Quemadu ; and veins in volcanic flows in Acules and Los Chorros. Manganifarous iron 
ore occurs in Uruguay . 49 In Argentine 10 iron ores have been reported in San Luiz. 
In Colombia there are deposits on the Caribbean coast extending easterly for 30 miles from 
Puerto-Bello ; and at Madinga, Gulf of San Bias. 

Australasia. In Australia 51 there are deposits in the Gladstone district of Queensland, 
also in the Rockhampton, Maryborough, Hodgkinson, Ipswich, and Darling Downs districts. 
Manganese ore has been reported in considerable quantities m different localities in New 
South Wales, chiofly in the Bathurst and Rcndemeer districts ; m Victoria, at East Gipps- 
land, and at Hoathcotc, Bendigo district ; in iSouf/i Australia, Gordon and the Pernatly 
Lagoon ; there are unworked deposits at Zeehan, in Tasmania. Good quality manganese 
ore has been reported in many places in HVrf Australia. In New Zealand 53 manganese ore 
has been found at Tikiora, Bay of JslnndN ; Parua Bay. near Whangnrei ; Waiheke Island ; 
Pahiki Island, Hauraki Gulf ; the vicinity of Wellington ; Taieri Mouth, Otago ; etc. 

Over a thousand well-defined minerals have been recognized in the earth’s crust. 
Of these, nearly 150 contain manganese as an essential constituent, and many 
more contain smaller proportions. There are also many minerals which contain 
only traces of manganese, and these small proportions may have a remarkable 
effect on the colour of the mineral. W. N. Hartley and H, Ramage 53 discussed the 
occurrence of manganese in common minerals. Manganese, indeed, is one of nature’s 
pigments. L. L. Fermor quotes the following examples : 

Ah a very good example of this, winefntt may be mentioned ; this is practically a variety 
of tremolite, a colourless mineral, but contains small quantities of mangaiiORe, iron, and 
alkalieB, in addition to tlic usual constituents. The winchite, instead of being white or 
colourless, is blue or lavender in the hand -specimen, and shows very beautiful ploocbroism, 
under the microscope, in shades of lilac und blue In the same way blandfnrdde is a 
pyroxene containing a certain quantity of manganese and alkalies ; in the hand- specimen 
it is of a deep crimson colour, whilst under the microscope it shows a beautiful pleochroism, 
in shades of blue, carmine, and lilac, as has been noticed for any known mineral. Similarly 
the manganese-micas show various shades of pink, delicate green, orange, and lilac-brown, 
in thin 'scales examined under the microscope. As other examples of the effect on the 
colour of a mineral may be mentioned the manganese -epidote, piedmontite , and the 
manganese- sphene, yreenovtie . 

The mineral oxides are usually different shades of black or grey ; the other 
manganese minerals nuiy be coloured blue, pink, lilac, crimson, yellow, orange, 
green, and brown. The colours may be modified by other constituents, e.y . alkalies 
favour the violet and blue. L. L. Fermor Baid that a comparison of the composi- 
tion and colour of similar minerals shows that red, pink, lavender, and allied tints 
are peculiar to manganese. In some Indian rose-quartzes the manganese can be 
extracted by boiling dil. sulphuric acid. M. Berthclot also attributed the colour 
of amethyst (q.v.) to manganese. The following is a list of the manganese minerals. 
It includes the oxides, manganates, sulphides, sulphates, chlorides, carbonates, 
silicates, titanosilicate, columbates, tantalates, phosphates, arsenates, antimonates, 
borates, and tungstates : 

Agnollte, H t Mn,(Si()j) 4 -f H a O. AUbandlte, MnS, manganese monoaulphide. Allie- 
tlte, Mn,As 2 0 8 .4Mii(0H } E , manganese arsenate. Allochrolte, manganiferous variety of 
andradite, 3CaQ.Al a 0 a .'JSi0 2 . Altered mica, nre caswellitc. Alurglte, a manganese-mica. 
Ankerite, (Ca,Mg,Fe,Mn)C0 8 . Anthochrolte, mangamferous diopside. Apjohnlte (bosje- 
mamte) MnN0 4 .Al 2 (S0 4 ) a -h24H 8 0, manganese aluminium sulphate. AplOifte, manga - 
niferous variety of andradite, 3GaO.Al l O a .3SiO a . Ardennlte, aluminium -manga- 
nic vanadiOHihrate. Arfvedsonlte (mangamferous), sodium-calcium, ferrous iron 
metasilicate with manganese. Arsenlopleite, calcium-manganese arsenate. Anenoklaftlte, 
(Mn 1 (A.s(> 4 ) 8 .2Mn(OH) i , Aftbollte, wad with a large percentage of cobalt. Alterolte, 
variety of niangoniiedenbergite. Astoohlte, (Mg,Mu,Ca)SiO s and (Na,K f H) a SiO a . 
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Altropbylllte, (Na,K) 4 (Fe,Mn) 4 Ti(8i0 4 ) 4 Atopita, Ca,Sb,0, often with Mn Axlnha, 
(Ca,Mn,V'o) J Al 4 B 1 (Si0 4 ), Bablngtonlte, (Ca,Fp,Mn)SiO with Fe,(8i0,), Bfakstrftmlte, 
Mn(OH), Iwkevfklte, manganese amphibole near glaurophano BaryslUte, PbgSijO, 
with Mn, Ca, and Mg Beldongrlte, 6Mn,O s Fo B 0 3 8H b O Bementlte, 2MnSiO, H,0 
Berzelllte, (Ca f Mg,Mn) B As a 0 8 Blxbylte, FeO MnO* Blandfordlte, a mangamferous 
pyroxene Bog nuuigftnes@ r manganese oxides with oxides of iron, barium, ahuninium. 
Billion, and sometimes nickel and cobalt Bosjemanlte, see apjohrnte Brackabushlte, 
(Pb Fo,Mn)iV a O a U a O v Brandtlte, Ca B MnAs B 0 8 4 2H b O Braunlte, SMi^O, MnSiO a 
Brostenlte, 2MnO B (Mn,Zn)0 2H 2 () Bushmanlte, (Mn Mg)AI B (S0 4 ) 4 4 24H a O vult ap 
johnile BusUmlie, (Mn,Ca)SiO a tiCaCO a , manganese c alcium metosilic ate Calclm&n- 
gits, stf inanganoc aleito CarphoUte, H 4 MnAl t hi a O J0 Caryl nlte, (l > b,Mn«Ca,Mg) B As a O l ’ 

Caryoplllte, 4MnO 3SiO a 3H z O Caswell! te (altered mica), Ca Mg,Mn,Fe A1 silicate 
CesaroUte, Pb0 3MnO a H a () Chalcophanlto, (Mn Zn)0 2Mn() B 2H 2 0 a decomposition 
product of franklinite Childrenlte, (Fe,Mn)Al(0H) B P0 4 4 2H a O ChlororaanganokaUto, 
4K( 1 MnCl a Chondransenlte, Mn a AB 4 0„ 3Mn(OH) 2 , basic, manganese arsenate Colum* 
blte-tantallfo, (Fe,Mn)(Nb,Ta) 4 () a , iron niungunoso columbate and tantalate Corondlte, 
B (Mn,0 7 ) , whom K denotes Mn, Pb, etc Crednerlte, 3tu0 2Mn 2 0 3 DanaUte, 
(Be, (it /it Mn) 7 Sij0 la 8 Dannemorite, iron manganese amphibolic Dentilte, a branch 
ing form of wad DJckJnsonlte, chiefly (Mn Fc Na) ludratcd phosphate Dletrichlte, 

(Zn Fc f Mii)Al a (S0 4 ) 4 | 24H Dyslulte, (Zn,Fe,Mn)0 ( \l,Fe) a O ( , zinc manganese iron 
giaphite (spinel) Edenlte (rnanganitorous), nJuminnus calcium inagnesium amphibolo 
with manganese Eosphorlte, (Mn.Fo) Al(OH ) a P0 4 + 2H s 0 F&lrfleldlte (lemoman- 

gamte), (Mn,(a),(r0 4 ) 4 211,0 Fauserite, 2MnS() 4 MgSQ 4 1511 a O, or (Mn.Mg)S0 4 6H a O. 
Ferrorhodonite, (Mn,Ko)SiL> 3 manganeso iron mctasihc ate Ferrostlblan, hydrated 

antiinonate of Mn and Ft FUlowlte, 3K a P a O* I JH a O with K Mn, Ft, Ca, and 

Na a FUnklte, MnAs0 4 2Mn(OJi) fl , manganese arsenate Fluorite (mangamferous), CaF a 
with manganese Fowlerlte, (Mn,Zn Fe Ca)SiO v manganese zmr metasilieate Frank - 
Unite, (Fc Zn Mn)() (Fo Mn) t () B Friedellte, If 7 (MnC l)Mn 4 Ki 4 0 14 ((froth), H 7 (MnC1)Mn 4 - 
(Si() 4 ) (Palachi) Gamsigradlte, manga nose hornblende Ganomallte, Pb a bi B 0. 
(( aln),Si() 4 Ganophylllte, 1 iH s O 7MnO Al a O a 8Si0 2 , mangamferous zeolite Graphtonite, 
(Fe,Mn ( n) a P a () H Glauehrolte, ( aMnSi0 4 Greenovlte, a mangamforous sphene, CaTiSi0 6 
GrorolUte a variety of bog manganeso Gudmundlta, FeShS HaloboUte, similar to pelagito, 
found in the deep sea Hanoocklte, H l (rb,Ca,Sr,Mn) 4 ( \l,Ft Mn) 4 Si a O a4 Harstlglte, 
H (( a Mn) 1B \J a Si,„() 40 Hauerlte, MnS a , manganese disulphide Hausmannlte, Mnj0 4 , or 
2MnOMnO a HellandJte, Ca B K ,(H Q) a (Ri0 4 ) B with It -U, ])i La, Al, Fe, Mn Helvlte, 
(Be Mn.Fc )JSi a O ia S, or 3(Be,Mn f Fe) 2 bi0 4 (Mn,Fe)S Hemaflbrlte, Mn B As a O a 3Mn(OH) T 
2H b O Hematollte, (Al,Mn)As0 4 4Mn(OH) a Hematostibllte, Mn,Sb a () ir Hetaerollte, 
ZnO Mn a () s H b O( v ), a zinc bearing hausmannlte Hexagonlte, tremohte containing a 
little manganese Hlelmlte, stannn tantalate of A , Fe, Mn and Ca Hollandlte, 
w(Bft,Mn) 2 MnO B f 7iFi) 4 (MnO B ) a Hornblende (mangamferous) Hortonollte, (Fe,Mg,Mn) B 
bi0 4 mangamferous olivines HUbn elite, near wolframite, but containing 20 25 per 

c ent MnO Hureaullte, manganese phosphate HydrorhodonJte, alteration produc t 
fiom rhodonite to serpentine Ileslte, (Mn,Zn,Fe)S0 4 4 4H a O Ilvalte (mangamferous), 
calcium iron silicate with manganese lnesite, 2(Mn,Ca) SiO a H a 0, mangamforous zeohte 
JBQObslte, (Mn,Mg)0 (Fo Mn) a O, Jefferaonlte, manganese zinc pyroxene Juddlte, a 
niangamteiouH aniphibole Kemplte, MnCl g 3Mn() B 2H 2 () Kanelte, Mn B As 4 , manganese 
arsenide KentroUte, 2PbO Mn B O a 28iO KeramohaUte, ate apjohmto Knebellte, 
(Fe,Mii) B 8iO t Kutaohoiite, a ferruginous mangamferous dolomite Lampadlte (lepido- 
phaette) LsmprophylUte, contains Na, Fe, Mn Ti, and SiO B Landeslte, 3Fe a O a 
20MnO 8P b ° 6 27H.O Lang ban He, 7w(Sb a O,)nFe a O a Mn (Mn ,Si)O v Lavenlte 

(JNa 4 ,Ca l ,Mn | ,Z r )(S i Zr)O ai Lepldophaolte, «te lampadito Leucomanganlte, set fair 
uoWite Leucophonlelte, H,(Mn,Zn,Ctt),Bi,0 14 Lithlophlllte, Li(Mn,Fo)P0 4 , lithium 
manganese iron phosphate Louytte, a basic carbonate of zini and manganese, 
2(/n,Mn)00j 5(Zn,Mn)(0H), Lueklte, (Fe,Mn)80 4 44H,0 Mallard! te, MnSO/ 7H.O, 
"“Iphato Manganandaliulte, mangamferous andalusite (Al,SiO,) Mangan- 
M n ’ Hf ®'*Mn)F'|0«. 4 (T , 0 A ),g apatite with manganese replacing calcium to 10 5 pei cent 
5? *® an F*®bruelte, bruute (MgO H B 0) with considerable manganese oxide Mangan 
oniome, chnochlore (H.Mg.AUS^On) with 2 3 per cent MnO MangaDdlaspor*. a 
mangamferous diaspora Mangandolomlte, (Ca,Mg,Mn)CO a Manganess-humita, ate 
leucophmniute Mangan-gvowularito, 3(Ca Mn)0 A1 b O s 38iO b Manganhedenberglte, 
t-aliium iron pyroxene, with 0 5 per cent manganese Man 
fCftCn \ ni 2,® Manganooaldte (ealcimangite, spartaite), (Ca,Mn)0O„ calcite 

(Mn i Y ftryin K amounts of manganese ManganoeolumMto-manganotantalltap 

J i ^ »?•* numganese iron columbate and tantalate Manganofenite, (Fe,Mn) B 0 4 . 
(lem K a Mn B (S0 4 ) a Manganomagnedte (manganmagnetite), magnetite 

nrniim! WlWl ® P® r °«nt manganese ManganophyUJte, biotito with considerable 

EIuh Mangano«ld«rlte (mangansidonte) (Fe,Mn)CO B Manganoslte, MnO. 
(8iO \ A bafllc nianganese antimonate ManganopeetoUte, pectolite (HNaCa a - 

Marisiviu 4 per cont of Mn0 Mangan-muvlanlta, silicate of C’a, Al, Fe, with Mn. 
j wwie, manganese glaucomte. Maaonltop manganeaian chlontoid. NatrophfUle, 
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NaMviPOj. Rod ium - ms ngnnofce phospliate. Neotoofte, hydrated iron- manganese silicate. 
Neptunita, K^R^TiSO^,*, with R'=Na>K, and R*‘»Fe,Mn. Ollgonlte aec inangano- 
niderite. Oitrellte, H a ( Fe,Mn ) A1 2 Si JO „ . Partschlnlte, (Mn,Fe),Al l 8i a 0 ll . Pelaglte, 
Mn0 4 .Fc a 0 3 with HiO a ,Al B O a , and H a O in mechanical admixture; found in the deep sea. 
Peloeonlte, see wuekenroditc, Piedmontlte, epidote (HCR 2 (Al,Fc) 3 Si a O ia ) with 6 to 15 
l>er rent. Mn,0,. Plnaklollte, 3MgO.B a O a 4 MnO.Mn a O a , manganese-magnesium borate. 
Plumbomanganlte, 3MjiK.PbS. Pollanlte, MnO a , like pyrolusitc chemically, but of different 
crystallographic form. Polyadelphite, eee, rothoffito. Psllomelane, Mn0 1 (Mn,K I ,Ba)0. 
nHjO, or H 4 MnO B . Purpurite (Fe,Mn) a O„.P a <VH a O. Pyrochrolte, Mn(OH) |s white 
manganese hydrate. Pyrolnstte, MnO a . Pyrophanite, MnTiO a . manganese titanate. 
Pyrosmaifte, H 7 /(Fe.Mii)ClJ(Fe,Mn) 4 Si 4 0 14 . Pyroxmangite, (Mn,Fe)Si0 3 . QuenseUte. 
2Pb0.Mn 4 O,.H„O. Ranelert# (or rancierito), Mn 3 0 4 .2JH g 0. Reddlagite , (Mn,Fe) 3 (P0 4 ) B , 
3H a O. Relssacherite, a variety of bog manganese with a high percentage of water. 
RvtzhUl, basic arsenate of yttrium earths, manganese, and calcium. RhodOChrosIte, 
MnCO s . Rhodonite, MnSiO a , manganese metasilicato. Rlehterlte, (K B ,Na a ,Mg,Oa,Mn) 4 - 
(SiO a ) 4 , sod ium - ina pnesi um - mangan ea o nmphihule. Rsepperlte, zinc -bearing tophroite, 
tnauganiferouB olivines. Roscoellte, vanadium mica sometimes with Mn. Romaneohlte, 
(Ba,Mn)0.3Mn0 a .H B 0. Rothofflte (polyadelphite), manganese-ialnum-iron garnet ; 
manganiferoue andraditc (Ca 3 Fe 1 (Si0 4 ) 3 ; (polyadelphite (Ca,Mn) 3 ,(Fe,Al) B Si 3 O ia ). Salmi te, 
manganesian chloritoid Sarklnlte, MnfOH^.M^AsjCV Scaeohlte, MnCl B . Scheffdrlte, 
6CaMg8i B 0 a /MgFt4h 8 0 B .Mn a Si H 0 # , manganese pyroxene. Seaznanite, 3Mn0.(B B 0 6 .P t 0 6 ). 
3 H b O. Senalie, (Fc,Pb)0.2(Ti,Mn)0 B . Serandlte, a hydrated silicato of manganese asso- 
ciated with sodium, calcium, and potassium silicates. Sfirbergite, me dannemorite. 
Sltaparite, 9Mn i O a .4Fe 8 O B .Mn0 8 .3l , a() Skemmatite, 3Mn0 2 .Fe B 0 3 .6H B 0. Soda-berzellite, 
(Ca,Mn^Na B ).As B 0 3 . Spandlte, 3(Cn ? Mn)0.(Al,Fe) a 0 a .3l$i0 2 . Spsrt&lte, me manganocalcite. 
Speisartlte, Mii 4 Al 8 (Si0 4 ) s , manganese -aluminium garnet. StauroUte (manganiferous), 
H a 0.2Fc0.5Al a 0 a .4Si0 1 with manganese. Stalnlerlte, (Co,le,Al) B O a .H B 0. Stiblatl), 
Hb 4 0 4v Mn l 0 a and FeO. Strlgovite, H 4 (Fe,Mn) E (Fe,Al) 3 Si B O n . Sussexlte, H(Mn,Zn,Mg)BO a . 
Synadelphlte, 2(Al,Mn)A8() 4 .5Mn(OH) a , manganese arnouato. Szmlkite, MnS0 4 .H B 0, man- 
ganese sulphate. Tephrolte, Mn a fti0 4 , manganese olivine. Triplite, R a P 2 0 B .RF a with 
HaFe and Mn. Trlploidlte, (Mn,Fc)P a O > .(Mn,Fo)(OH) i . Tri merits, (\ln,Ca) 2 Ri0 4 .Bo a SiO 4 . 
TrlphyUte, Li(Fr»,Mn)I?() 4 , lithium- iron-manganese phosphate. Troostite, (Zn,Mn) B Si0 4 
Urbanite, (t'n,Mg«Mn)S0 4 4 2NaFo*’(Si0 3 ) a . Varvlcite, on impure pyrolusito derived from 
the alteration of manganite. Vlolan, mangamforous diopsidc. Vredenburgite, 3Mn 4 0 4 . 
2Fe a O a . Wackenrodlte (iielocomtc), bog manganese vi it h a t mmtdnrablo percentage of lead. 
Wad, impure mixture of manganese oxides ; includes hog manganese, asbolite, and 
lampadiie. Wenzelite, Mn a (P0 4 ) a .ftH 1 0. Wlllemitfl (mungamferous), (Zn,Mn) B SiQ 4 ; 
troostite and tophrowillemite nr * \aricties of \iillomilo ruh in manganese. Wlnohlte, u 
blue mangamfcrouH amphiholo. With&mlte, epidote with small quantity ..of Mn. Wol- 
framite, (Fo,Mn)W0 4 , iron-manganese tungstate. Xantharsenlte, near chrondrarsenito, but 
com aids more water. Younglte, mZnS.nPbS.oMnS. Zincite (manganiferoue), (Zn,Mn)0. 

It will be observed that manganese minerals may be associated with other 
minerals as isomorphous mixtures- c.q . in sphalerite, or zinc blende , (Zn,Cd,Fc,Mn)S ; 
zincite , or icd zinc ojridc, (Zu,Mn)0 ; ferriferous or manganiferous smithsomte, 
or calamine , ( Zn, Fc, Mn , Mg, ; manganocalcite, (MmCaJUOa ; ankente, 
5 (Ca,Fe,Mn)(t , 0 3 ) 2 . 4 ( , a,Mg(r 0 3 )2 ; bolryogcn, (Mg,Fe J Mn,("a)5(FeOII) 4 (SO 4 ) 0 .36H 2 O ; 
monmolite, (Pb,Fe,Mn) 3 (»Sb 0 4 )2 , eenyimte, (Mn,t 1 rt,Pb,Mg) 3 (As 0 4 )2 ; ottrelite and 
phylhte, (AljFeJ^Fe.Mn.Ca.MgJIJaR^OB ; ganophylhte, Pb a ( 0 a,Mn) 2 8 i 3 O u ; spheno- 
clase, (Ca,Mg.Fc,Mn) c Al 2 Si tt 0 2 i i etc. t 1 Benedicks 64 described a manganiferous 
garnet ; J. Krenncr, and K. Schlossmacher, a manganiferous spinel ; etc. 

According to G. Forchhummer , 55 manganese occurs in very many silicates as a 
tinctorial agent — vide supra— and in all iron ores. L. L. Fermor suggested that the 
iron-manganese ores be classified as follows : (i) manganese ores with 40 to 63 per 
cent. Mn, and 0 to 10 per cent. Fe ; (ii) ferruginous manganese ores with 25 to 60 per 
cent. Mn, and 10 to 30 per cent. Fe ; (iii) manganiferous iron ores with 5 to 30 per 
cent. Mn, and 30 to 56 per rent. Fe ; and (iv) iron ores with 0 to 5 per cent. Mn 
and 45 to 70 per cent. Fe. E. 0. Harder has described the so-called mug&nif 0 FWM 
iron ores, which arc mixtures of manganese and iron oxides in varying proportions — 
e.g. from loss than one to more than 40 per cent. Mn. The iron is in the form of 
limonitc or hmmnlitc, and the manganese is in the form of psilomclane or pyrolusite 
— i rarely as carbonate. The high and medium grades are used for making spiegelciscn 
and foiroinangancM*, while the lower guide ore, with a small proportion of man- 
ge nose, js used foi making iron Then* also occur mang&IliloroilS Silver QT 6 S in the 
oxidired portions of the silver deposits of Western United States. The black, 
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amorphous ore consists of manganese and iron oxides and it carries silver chloride, 
and lead carbonate or an altered sulphide. The iron is present probably as limonite, 
and the manganese as wad. The iron oxide generally predominates over the 
manganese oxide, though at Butte the iron oxide is “ almost entirely absent. 1 ’ 
Ores with a high proportion of silver and lead are smelted for these metals only 
when the manganese and iron oxides arc valuable aids in fluxing. Ores with a low 
proportion of silver and lead, but with a high proportion of manganese and iron 
oxides, may be used for making spiegeleisen, ferromanganese, or iron alone when 
the proportion of manganese oxide is small. Ores too low in silver and lead for 
direct smelting, and too low in iron and manganese for making spiegeleisen or 
ferromanganese, are used as fluxes, when iron and manganese pass into the slag, 
while the silver and lead may be recovered in the smelting. Some mang&niferoos 
zinc ores contain franklinite, willomite, zincite, tophroito, or rhodonite along with 
iron and manganese oxides — p.g. the zinc ores of New Jersey. The ore is roasted 
to recover the zinc oxide, and the residuum is used for making spiegeleisen 

The commercial manganese ores ate divided into three classes : the high-grade 
ores, bearing SB per cent, or more of metallic manganese ; xnanganiferouB iron ores, 
with 10 to 3f> per cent manganese ; and ferruginous ores, with D to 10 per cent, man- 
ganese. Manganese ores arc quoted at so much per cent, per long ton. During 
1924, the price of ore ranged from Is. 9Jd. to 2s. 0 d. |>er unit. The world’s 
production in metric tons approximates : 


lt-SH IK'M lDOIi 

1910 

1920 

1024 1029 

153,954 238,542 7 23, Mi 9 

1,901,983 

1,7 40,000 

2,251,000 2,868,700 

The production by count ties is us follows : 
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1024 

1028 

AustrulHMin 

2,349 

4,798 

170 

Bosnia, Me . 

1,000 

79,113 

— 

Brazil 


159,229 

359,651 

British India 

- 

815,894 

994,118 

(‘unntlii 

1,203 

530 

- 

( '/eUjnhlm akid 


79,133 

108,441 

Chile 

24,740 

4,213 

- - 

China . 

- 

38,500 

43,332 

Cuba 

1,581 

23,436 

2,440 

Dutch Kiist Indies 


8,4K2 

24,452 

Etfypt . 


150,194 

137.502 

Franco 

7Ji70 

3,680 

3,108 

(jJcmiBiiy 


317 

21 1 

(Sold Coast 


237,160 

339,883 

(Sroeco 

3s5 

5,726 

1,080 

Holland 

1 .107 

- 

— 

Italy . 

1.6.V2 

12,189 

10,274 

.Japan 

Porto Itico 


7,585 

J 7,720 


4,698 

1,547 

Portugal 

G JillS 


— 

Koumama 


4.698 

31,267 

Russia and (h oigiu 

18,053 

490,799 

710,300 

{Spam 

2,830 

20,840 

13,704 

Sweden 

(1,089 

10,885 

15,790 

Tunis and Algciiu 

3,220 

3,676 

Turkey 

(i(.9 

- 

— 

United Kingdom . 

United States 

. 13,004 

2,496 

239 

. 29,198 

57,422 

47,6)2 

Other countries . 

. 3,114 

— 

2,144 


D. A, Wells 6® found manganese to be present in nearly all igneous and meta- 
morphic rocks II. Moissan found that the pigment of the design on the wall of 
the grotto at La Muiitho is black on account of the presence of manganese oxide. 
Some objects found in the grotto arc covcied with a black deposit of manganese 
dioxide. V. W. t larke estimated that the limestone of the earth’s crust contains 
an average of 00B per cent. MnO. E. J. Chapman found manganese to be present 
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in many limestones ; W. Crum, A. Vogel, and L. Dieulafait, in marbles. The term 
cipohn marbles is applied to concretionary masses of limestone found in the lower 
parts of beds of gneiss, sometimes in large quantities, sometimes in isolated lenti- 
cular masses, and which are evidently contemporaneous with the rocks by which 
they are enclosed. L. Dieulafait detected manganese in over a thousand specimens 
of these marbles from different parts of the world. Water from the Atlantic Ocean, 
Indian Ocean, Red Sea, and the Mediterranean Sea, when allowed to stand in bottles 
for a month, furnishes a sediment containing manganese oxide ; this oxide is pro- 
duced by the oxidation of the manganous carbonate in soln. Calcium carbonate 
is also formed. Hence, the calcareous mud from the bottom of the ocean forms 
chalk which contains manganese oxide. Indeed, fifty specimens of chalk from the 
Paris basin were found to contain more than fifty times as much manganese as the 
coloured marbles of the Pyrenees and Italy. L. Raab reported manganese in 
chromite ore and in magnetite ; R. Brittger, in graphite and iodine ; L. Pirciardi, in 
the volcanic ash from ./Etna ; and B. Platz found potassium permanganate in the 
masonry of a blast furnace. The purest of clays nearly always contain traces of 
manganese, while the ferruginous clays contain quite appreciable amounts. L. Az~ 
£ma observed the presence of manganese in various coloured clays. F. B. Guthrie 
and L. Cohen found 0-254 per cent. Mn 2 0 3 in some Bterile soils. A. Contino 
found 0-03 to 0-48 per cent. Mn 8 0 4 in various soils- sandy, volcanic, clay, and 
calcareous. P. de Sornay found 0-027 to 0-409 per cent. Mn in Mauritius soils ; 
0. M. Shedd found 0-005 to 0-331 per cent. MnO in the surface soils of Kentucky, 
and 0-002 to 0-260 per cent, in the subsoils. J 8 McHargue, G. Bertrand, 
A. Leclerc, and J. J. Skinner and M. X. Sullivan made observations on this subject. 

(\ W. Scheele observed the presence of manganese in commercial alkali salts 
and potassium hydroxide ; R. Bottgcr, in potassium chlorate ] J. Volhaid, in sodium 
hydroxide , red-lead , and most iron salts, but not in ammonium icrnr alum ; and 
R. Wegscheider, in barium carbonate. 

G. Foichhammci &7 observed that sea-water contains manganese in soln. As 
indicated above, L. Dieulafait inferred that the manganese is present as manganous 
carbonate, and when the water is allowed to stand for a month, the carbonate at 
the surface in contact with air is converted into oxide, and precipitated ; at the 
same time, the calcium hydrocarbonate is converted into insoluble carbonate, so 
that a sediment of mixed calcium carbonate and manganese oxide is formed. The 
observations of J. Murray and co-workcrB, J. Y. Buchanan, C, W. von Gumbel, etc., 
on the formation of manganese oxide nodules in deep seas, etc., have been previously 
discussed. The manganese minerals readily undergo decomposition and pass into 
soln. when they are exposed to the action of surface waters ; and hence manganese 
finds its way into the rivera and seas. J. Murray estimated that one cubic mile of 
average river- water contains in soln. 5703 tons of manganese hemitrioxide, and 
that 6524 cubic miles of river- w T ater are annually discharged into the sea. This 
means that 37, 000, (XX) -tons of the oxide, or nearly 26,000,000 tons of manganese, 
are brought every year by rivers into the oceans. This process has been going on 
for untold ages, so that a large proportion of manganese salts might be expected 
to be present in sea-water. This is not the case, for the manganese is deposited 
from sea-water and is found in the mud, etc., which deep-sea explorations have 
shown to be formed at the bottom of the ocean. D. A. Wells, and B. M. Lersch 
reported manganese to be present in numerous spring-waters. Thus, C. R. Fresenius 
reported it in the waters of Niederselters, Driburg, Langenschwalbach, Pyrmont, 
Ems, Homburg, and Wiesbaden ; J. Bouquet found traces in the waters of Vichy ; 
P. Berthier, St. Nertaire ; J. Lowe, Krouthal, Nassau ; 0. Bromeis, at Nauheim ; 
J. J. Berzelius, H. Gotti, and F. Ragsky, Carlsbad : G. Wolf, Gastein ; A. von 
Planta, Ragaz-Pfafers ; E. Ludwig, Srebremica, Bosnia ; and Karlsbrunn, Austrian 
Silesia ; M. Glaser and W. Kalmann, and R. Nasini and co-workers, Roncegno, 
Southern Tyrol ; 0. F. Eichleiter, Orsola, Southern Tyrol ; A. Goldberg, Bad 
Elster, Saxony ; E. Bechi, Acqua delle piazzuole des Arnotals ; C. A. H. von 
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Wolzogen-Kiihr, Amsterdam; 8. de Luca, Pozzuoli, Italy; G. Lunge and 
R. E. Schmidt, St. Lorenzquelle, Le.uk, Switzerland ; A. Carnot, Aveyron, France ; 
F. Jadin and A. Astruc, Vichy, Luxeuil, and Bussang in the Vosges, the Alps, 
Montagna Noire, the plain of Languedoc, and Boulou, France ; C. H. Bothamley, 
Harrogate and AHkern, Yorkshire; B. A. Burrell, Knares borough, Yorkshire; 
T, E. Thorpe, Cheltenham, England ; and C. du Ponteil, Hot Lake, White Island, 
New Zealand ; E. H. S. Bailey and F. B. Porter, a trace in the artesian well of 
Abilene, Kansas ; W. P. Mason, Missouri Springs, Missouri ; A. H. Wiebe, Missis- 
sippi river ; W. F. Hillebrand. Shoal Creek, Missouri ; Mountain View Mine, 
Montana ; and La Junta, Colorado ; J. K. Haywood, F. A. Gooeh and J, E. Whit- 
field, Hot Springs of Arkansas, and the Excelsior Geyser, Yellowstone National 
Park ; M. B. Harden, Rockbridge Alum Spring, Virginia ; and F. G. Novy, salt 
springs of Texas. S. Yoshimura studied the variation in the manganese content of 
the water of Takasuka-Numa, Saitama, during periods of stagnation, and circula- 
tion. M. Weibull found 23 mgrms. MnO per litre of water from Lund, Sweden ; 
the quantity of other mineral matters present was not particularly large. Chreno- 
thrix manqamfera was present in the water and caused the manganese to be 
deposited in the water-pipes to such an extent as to block them. The formation 
from which the water came c onsisted principally of gneiss in which were veins of 
diorite containing 8-2 per cent, of manganous oxide. C. A. H. von Wolzogen-Kiihr 
found 0*3 parts of manganese jier million in the water of the Oranjekom and canals 
of Amsterdam, and 0-1 per cent, in the mud. The oxidation of manganese com- 
pounds by the oxygen of ihc air does not occur with an acidity of p„=8-l ; and 
manganese bacteria can oxidize dissolved manganese not only in alkaline soln., 
p u ~10, but also in acidic soln., p H -i to 5 Manganese has also been reported as a 
common constituent in the deposits from various springs, etc. Thus, H. Braconnot 
observed it with the springs of Luxeuil, Vosges ; (J. M. Kersten, in a mine-water at 
Freybcrg ; E. F. Leuchs observed a large mass of hydrated manganese oxide in 
the water channel of Niirnl>eTg ; R. W. Townsend, in the discharge from a spring 
at 41° near ('ape of Good Hope ; ('. M. Kersten, at ('arlsbad ; E. H. 8. Bailey, in 
the city water-pqies of Hutchinson, Arkansas Valley ; R. Woy, 0. Materne, and 
E. von Raumer reported cases of obstruction in service water-pipes by man- 
gamferous deposits. 

(3. Forchhammer 5H found that manganese is present in the ashes of the Zostera 
marina , and E. J. Maumene observed manganese in the ashes of the Fuats serraius. 
(’. W. Mcheele found manganese to be present m wood ashes, and a little in the 
ashes of thyme— Thymus serjnllum ; G. Forchhammer, in the ashes of the Padma 
pavotua ; T. J. Herapath, in the ashes of the radish, turnip, beetroot, and carrot ; 
E. O. von Lippmann, the vinasse from a beet-sugar factory ; T. Richardson, sugar- 
cane ; W. F. Salm-Hortsdar, oats ; J. von Liebig, tea and coflee ; R. Bottger, 
and A. Domergue and (\ Nicolas, in tea— 0*022 to 0*065 per cent. ; L. L. Fermor, 
bamboo; F. A. Fliickiger, and E. F. von Gorup-Bcsanez, the water-chestnut — 
Trapa nutans \ G. Campani, wood, corn, and tobacco ; R. Bottger, beech, box, 
and cork ; F. P. Dunnington, corn ; J. E. de Vrij, beech-nuts; J. A. Trillat, in 
vegetables ; M. Balland, in potatoes ; and J. S. McHarguc, in the pericarp and 
germ of rice, barley, wheat, tomatoes, oranges, and lemons. Observations were 
also made by A. Hafner and H. Krist, and W. P. Headden. N. Passerini found 
0-068 per cent, of manganese in dried Lupinus albus ; the different parts of the plant, 
dried at 100°, contained the following proportions of ash, and the indicated per- 
centages of manganese in the ash — the first column for legumes refers to those 
separated from the middle of the plant, and the second column to those from the 
ends : 

Leaves. l«eguincn. Stems. Brunches. Seeds. Roots. Nmlulofl. 

Ash . 8-207 3-720 3-280 2-280 2-021 2-102 3-910 10-400 

Mn t O a 12-430 7-080 5-027 4-580 4-231 2-190 1-530 0-377 

Unlike P. Pichard, F. Jadin and A. Astrur did not find manganese to be most 
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concentrated in the parts of a tree which are in vegetative activity, provided the 
percentages are not calculated on the weight of ash, hut on the dried organs. In 
that case* more manganese is present in old leaves than in young leaves. They 
also found more manganese in the aerial portions than in the route. G. Bertrand 
and M. Rosenblatt found that in one group of plants, the manganese content of 
the leaves is at a maximum at the commencement of the leaf formation, and then 
diminishes with age, the rate of diminution differing with the group. In another 
group, the manganese content increases very rapidly with age to a maximum, and 
then diminishes. In another group, the manganese content increases continuously 
with age. 1). II . Wester found manganese present in various flowers, free from dust 
and selected in drv weather ; and' also in the seeds of 4ft species of plants. 
(\ t\ McDonnell and R. C‘. Roark found little difference in the stein and flowers -open 
and closed -of the Chrysanthemum cinerariwfoliunt. According to J. S. MeHargue, 
the proportion of manganese present in the hazel nut varies considerably in 
different parts of the same seed, and the seed coat .surrounding the kernel contains 
a much larger proportion than the kernel or the outer coats. There is a close 
connection between the amount of manganese and the presence of oxydases in plant 
tissues, and it is therefore considered probable that the accumulation of manganese 
in the wed -coat bears an important relation to the vital processes in the formation 
and germination of seeds. L. E. Westman and R. M. Rowat found that in the 
Rhamnus purMana (cascara sagrada) the proportion of manganese m the inner 
third of the bark is about twice a* gieat as in the outi*r third When the powdered 
drugs of the Rhamnacem family are extracted w T ith water, approximately one- 
fogrth of the manganese goes into solution. G. Bertrand and M. Rosenblatt found 
that with the Nwotinn rustica and Lthum laneefohum those organs in which chemical 
change*, are the most intense contain the highest percentages of manganese. The 
seeds contain a high proportion of manganese, doubtless for the use of the future 
seedling. 

E. J. Maumene found manganese to be present in potatoes, wheat, rye, barley, 
rice, sorrel, beans, sugar beet, carrot, lentils, peas, asparagus, different kinds of 
fruit, fodder, cocoa, coffee, and tea; but more in lemons, oranges, onions, and 
garlic, (t. Bertrand and M. Rosenblatt found manganese m those planls in which 
E. J. Maumene found none. Hence, the presence of manganese is general in all the 
t organs anil specie a of plants so far era mined. (J. Brum and 0. Pelizzola found 
manganese dioxide in raw caoutchouc. F. Jadin and A Astruc also found man- 
ganese in the ash of lucerne, sainfoin, vetches, clover, potatoes, mangolds, poplar 
loaves, chestnut, rice, maize, barley, oats, .bran, and meadow-hay. J. S. Jones 
and D. K. Bulles found 42 m grins, per kilogram of air-dried vetch ; 33 in red- 
clover ; 68 in Alsike clover ; 32 m lucerne ; 33 in field-peas ; 27 in sweet clover ; 
and 34 in white clover. More w r as present in the leaves than in the other parts. 
H. Marcclct observed no relation between the proportion of arsenic and manganese 
in sea water plants, L. E. Westman and R. M. Rowat found manganese in the 
ash of many laxative drugs — alder buckthorn baik, euseara sagrada, cassia bark, 
podophyllen Toot, senna leaves, rhubarb root, Rhamnus eahfoniica hark, liquorice 
root, jalap root, wahoo bark, cassia pulp, and Barbadocs aloes ; and J S. MeHargue, 
in »[>ear grass. E. J. Maumene found 0*0001 to 0*0020 grm. per litre m thirty-one 
wines of different European and African vintages. O. Brandi and A. (Wtta found 
that wines contain 0*53 to 1*65 parts of manganese per million ; the wines of better 
quality usually contain tlie highest proportion. G. Massol observed that mistelles 
— fortified musts- contain from 0 to 0*010 grm. MnO per litre. A Hilger, and 
L. Rossi er found 0*3 to 0-8 per cent, of manganese in the ash obtained from wnnes ; 
L. Mcdirus found bilberry wine specially rich in manganese ; and A. Alessi 
obseived manganese in some residues in ancient wine glusses J. Knchler found 
that the manganese is present as manganese oxalate in the cumbial sap of the pine ; 
and G Wampum observed that it is present in plant-ashes as oxide, silicate, or phos- 
phate, G. Guerin found that wrhen wood-sawdust is macerated for two or throe 
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days with a one per cent. soln. of potassium hydroxide, a deep brown liquid is 
obtained, and when this is acidified with hydrochloric acid, a bulky, flocculent 
precipitate is produced. This precipitate can be washed with very dil. hydro- 
chloric acid, redissolved in ammonia, reprecipitated by acid, washed and dried. 
It is a pale brown powder, which, when obtained from the beech, had the com- 
position, 0, 52-762 ; H, 5 04 ; N, 4-60 ; 8, 0-666 ; P, 1-297 ; Mn, 0-402 per cent. 
According to G. Bertrand, all manganese salts have the property of bridging about 
the oxidation by atmospheric oxygen of solutions of quinol, pyrogallol, and para- 
amidophenol, guaiacum, and similar substances. The soln. acquires a colour which 
depends on the nature of the carbon compound, whilst the intensity of the colora- 
tion depends on the nature of the acid in combination with the manganese. Oxida- 
tion is much more energetic with salts such as the succinate, gluconate, or salicylate 
than with the chloride, sulphate, or nitrate. He inferred that the oxydases aie 
special compounds of manganese in which tile acid radical, of a proteid character 
and varying with the particular ferment, has just sufficient activity to keep the metal 
in soln., whilst the metal is the real carrier of oxygen. The subject was discussed 
by A. Villiers, A. Livache, and J. K. McHarguc. 

Animals feed on plants, directly or indirectly, and the presence of manganese 
might therefore be expected m animal tissues. G. Porch hammer r, & found man- 
ganese in sea-organisms. L. N. Vauquelin, and J. McOrac detected manganese in 
hair; J. ,J. Berzelius, in bone ; A. Bechamp, in the liver; H. Oidtmann, in the 
human liver and spleen ; J. S. McHarguc, in the liver, kidney, and pancreas. 
J\ Pickard found less imingunc.sc in animals than in plants ; less m bones than in 
flesh ; less in flesh than in an egg ; and less in the white of egg than in the yolk ; 
E. Pollacci, in the human inilk and the milk of house animals ; E. J. Man mono . 
in urine, bones, hair, and the fares of man , F. von Oefcle, in the excrement of 
man ; and E. N. Horsford, in the normal urine of man. J. S. McHarguc found 
colostrum to be richer m manganese than ordinary milk. The tissues ol cod-livcr, 
fi-di roc, and the yolks of eggs arc rich in manganese, whilst purified cod-liver oil 
and the whites of eggs contain negligibly small amounts. E. J. Mauineno observed 
no manganese in human blood, but. a contrary result was obtained by E. Cottcreau, 
B. du Buisson, N. A. E. Millon, and A. Riche, for they found 1 to 5 ingrnis. per kilo- 
gram in the blood of human beings and animals ; while G. Bertrand and F. Medi- 
greceanu found that human blood does not contain more than 0-02 mgrm. per 
litre ; and the amount m the blood of horses, oxen, pigs, rabbits, ducks, and hens 
is about the same, whilst that in sheep does not exceed 0 06 mgrm. per litre. Most 
of the manganese occurs in the plasma ; the element is not. present in h Hemoglobin. 
P. Carles said that the human bloQd contains a trace of manganese, but the metal 
is not present in the blood of oxen, rabbits, fowls, or ducks. Somewhat larger 
quantities are present in the liver and kidneys, and still more is present in the hair 
and nails. G. Campani found manganese in the serum and blood corpuscles of the 
ox. E. J. Maumcne, and M. E. (Jhevroul found manganese in mutton-fat. 
J. S. McHarguc considers that manganese is contained in those plant and animal 
tissues richest in vitamins, and a relationship exists between this element and 
the vital factors contained in these tissues. H. 0. Bradley found 0-6 to 1-2 per 
cent, of manganese in the tissues and eggs of fresh- wafer clams, unio, and anodonta 
— the manganese is most abundant in the gills and mantle. This element is said 
to be necessary for vital activity, since mussels cannot livo in Ukes poor in man- 
ganese and in the crenothrix and diatoms which contain large amounts of manganese 
and which form Ihe food of mussels. G. Bertrand and F. Medigrcceanu found 
manganese from hundredths to tenths of a mgrm. in 100 grnis. of the digestive, 
respiratory, and gemto-urinary organs, glands with internal secretion, muscular, 
nervous and osseous tissue, skin and teeth, adipose tissue, eyes, and finally the 
bile, milk, or eggs of typical animals of the three classes, mammals, birds, and 
fishes- - but not in the white of birds’ eggs. Fur similar organs of the same species 
the variation in manganese content is very slight from one animal to another, and 



INORGANIC AND THEORETICAL CHEMISTRY 


m 

is but little greater amongst different species of the same class. The difference is, 
however, more marked from class to class, birdB having a higher manganese con- 
tent than mammals. Amongst the mote important organs or tissues, the manganese 
content is highest in the uterus of birds (0-786-2-20 mgrms. per 100 grms.), the 
lowest value occurring m the muscular and nervous tissues and the lungs. The 
grey matter of ox brain has a higher manganese content than the white matter ; 
the heart afld the muscles of the tongue than the muscles of the trunk and limbs. 
Milk is very poor in manganese, although slightly richer than blood. They found 
that of the mvertebrata the gastropod molluscs and the lamellibranchia are the 
most abundantly supplied with manganese. The animal kingdom as a whole is, 
however, very poor in manganese as compared with the vegetable kingdom. 
J. Cotte observed manganese in various Bponges, particularly in the gemmules. 
H. M. Fox and H. Ramage found manganese in nineteen species of polychaetes ; 
it was widely distributed in the molluscs, being found in all the organs of the land 
gastropods ; it was found in many organs of the marine gastropods, but was absent 
from Hcdiotis. E. F. Hopkins found that manganese is necessary for the growth of 
Chlordla . 
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§ 3. The Preparation of Manganese 

The manga no.se ores as mined may require a preliminary concentration or 
cleaning Ores containing rock fragments and clay impurities can be dried and 
the clay pulverized by passage through a revolving drum, and the clay removed 
by a revolving screen. The coarse manganese and waste can then be passed to 
a picking belt, when a separation is made. Free silica can be removed by washing. 
The method of concentrating low-grade ore, however, depends on the nature of the 
ore. High-grade ores may require no preliminary treatment. The commonest 
ores are manganese oxides, carbonates, or silicates. 1 

F. Staaden and (*. Heinzerling proposed to treat ores with a small proportion 
of manganese with water containing magnesium rhlonde or oxychloride, with 
hydrochloric acid, or with gaseous hydrogen chloride, bo that soluble manganous 
chloride is formed. W, Diehl said that hydrochloric arid is the best solvent. 
F. Staaden and 0. Heinzerling said that ferruginous ores are best treated with 
sulphur dioxide so as to convert the manganese into sulphate, and subsequently 
into chloride, by treatment with calcium or magnesium chloride. The Deutsche 
Solvay-Werkp roasted the ore with ferric oxide and alkali carbonate, and leached 
out the manganate — vide infra , the manganates. F. Staaden heated a powdered 
mixture of the ore with pyrites, and A. G. Friedrichssegen, a mixture with spathic 
iron ore and zinc blende. In both cases the manganese compounds were removed 
by extraction with water. In J. T. Jones’s process, examined by 1\ Christensen 
and W . H. Hunter, the ore is subjected to a low temp, reduction to form metallic 
iron and a slag. The manganiferous slag is then smelted for a manganese alloy. 
These methods cannot compete with the simpler process required when high grade 
ores are employed. Until comparatively recently, manganese was t ine ouriosM 
de labor at oire } but when the valuable properties which it imparts to some alloys 
were recognized, it became one of the world’s important metals. Indeed, ordinary 
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commercial steel cannot be satisfactorily manufactured without its quota of 
manganese— say 0*4 to 1*0 per cent. Mn. A. G. Betts heated the silicate ore with 
iron sulphide, to form metallic iron, manganese sulphide, and a ferrous silicate 
slag. The manganese sulphide layer is then treated for manganese. Manganese 
has been prepared by the following processes : 

The reduction of oxides, etc., by carbon . — The early workers- vide supra , the 
history of manganese, J F. John, 2 P. Berthicr, M. Faraday, etc.- -prepared 
manganese, contaminated by more or less carbide, by mixing manganese oxide and 
powdered carbon with oil, and pressing the pasty mass into a charcoal crucible ; 
the mixture was then covered with charcoal and a lid luted on the crucible. 
The whole was then heated in a blast furnace for an hour. The inetal was purified 
by melting it under borax. According to H. 0 Greenwood, reduction of the oxide 
by carbon begins at 1105°. H. St. C. Deville reduced the oxide with sugar char 
coal, using, as recommended by J. F. John, rather less carbon than is needed for 
the reduction, so as to avoid, as much as possible, the production of carbide. 
H. Tamm recommended the carbon reduction using a ilux of soda-lime, glass, and 
fluorspar, and purifying the product by fusing it with half its own weight of man- 
ganese carbonate. The product contained 99*91 per cent. Mn H. V. Regnault, 
J. Mason and A. Parkes, and L. Troost and P Hautefeuille used a similar process. 
A. Valenciennes employed a crucible lined with magnesia for the reduction. 
J. E. Loughlin used potassium cyanide, and animal charcoal as the reducing 
agent. H. Moissan heated a mixture of manganese oxide and carbon in an 
electric arc furnace for a few minutes. The metal contained 6*35 to 14*59 per 
cent, of carbon ; but if the reduction is effected in the presence of an excess 
of oxide, as little as 3*6 per cent, of carl>on may be present as carbide. If Hie 
heating be too intense, or too long, the yield may be small, owing to the volatili- 
zation of the metal. To guard against too intense a heating the mixture was 
reduced in a carbon crucible closed by a lid. E. W Hopkins proposed to make 
the metal free from carbon by forcing the vapour of the metal— obtained by heating 
a mixture of the metal oxide and charcoal- through a layer of oxide. If alloys are 
desired, say a manganese-copper alloy, the vapour of the manganese can be passed 
through a layer of copper oxide. J. W. Cabot and S. W. Vaughan heated high grade 
ferromanganese in a blast furnace with a mixture of 100 parts of bessemer slag, 
60 parts of coke, and 60 parts of limestone. A. Sternberg and A. Deutsch reduced 
oxy-compounds of manganese and the alkaline earths by carbon at 1000° to 1400°. 
C. M. J. Limb reduced pBilomelanc-- native banum manganite — by carbon at a 
high temp., and employed the by-product for making barium carbide. R, Saxon 
reduced manganese oxides by calcium carbide. E. G L. Roberts and E. A. Wraight 
discussed the elimination of carbon by heatmg the carburetted metal and manganese 
oxide above 1670°, at which temp, the reaction Mn 3 C+MnO— 4Mn-f CO occurs. 
G. E. R. Nilson discussed this subject. H. H. Meyer reduced manganous oxide, 
silicate, and phosphate in the blast furnace. 

The reduction of the oxides by metals , etc - C. and A. Tissier showed that although 
powdered aluminium reduces many metal oxides, sometimes with explosive violence, 
it does not reduce the oxides of zinc and manganese. On the other hand, 
W. H. Greene and W. H. Wahl obtained the metal by heating a mixture of man- 
ganese oxide with metallic aluminium or magnesium and a flux of cryolite or 
fluorspar in a crucible lined with lime or magnesia. J. Debuigne, and F. L. Garrison 
used a similar process. In H. Goldschmidt’s thermite process, a mixture of man- 
ganese oxide and coarsely powdered aluminium, in a crucible, is ignited by a piece of 
magnesium ribbon surrounded by a little barium dioxide. The resulting metal is 
free from carbon, but it contains silicon, iron, etc. To avoid undue contamination 
with aluminium, the, oxide is kept in slight excess. This process is employed 
industrially. F. Fujibayashi recommended a mixture of manganese tntatetroxide 
100, and manganese dioxide 16 to 20, along with 90 per cent, of the calculated 
amount of powdered aluminium — the yield was 85 to 90 per cent, of the theoretical. 
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M. L. V. Gayler obtained manganese of 99 3 per cent, purity by reducing the purified 
oxide with purified aluminium — the thermite process — and then distilling it in a 
quartz vessel under reduced press. Commercial manganese prepared by the thermite 
process may have 0-09 per cent. S ; 0-65 to 1-61, Si ; 0-02 to 0-12, C ; 0-94 to 1*82, 
Fe ; 0-29 to 0-79, A1 ; 0-08, P ; 0*15, Cu ; and 96*45 to 98-0, Mn. P. Lebeau found 
as much as 5*25 per cent, of silicon in manganese prepared by the thermite process. 
J. H. Brennan used the silico-thcrmic process. L. Weiss and 0. Aichel reduced the 
oxide by heating it with mischmetall. S. Heuland melted the manganese ore in an 
electric furnace with a reducing agent sufficient to furnish only a small proportion 
of metal. This metal will contain all the deleterious impurities in the ores, e.g . 
phosphorus, carbon, or iron. The remainder of the metal is then reduced from the 
fused slag by heating it with calcium silicide. 

The reduction of halogen salts by metals .— E. Fremy prepared manganese by 
passing the vapour of sodium over red-hot manganese chloride. C. Brunner 
heated in a crucible a mixture of two parts of manganese fluoride or chloride and 
one part of sodium covered with a layer of sodium chloride and fluorspar. The 
product was purified by fusing it under sodium chloride to which a little potassium 
nitrate or chlorate had been added. (1. Bullock, and J. E. Loughlin also used the 
sodium reduction process. W. Diehl also reduced the double sodium or potassium 
manganese chloride, K 2 Mn(1 4 , with sodium. E. Glatzcl prepared manganese by 
heating a mixture of finely-divided, anhydrous manganese chloride (100 grms.) 
and dry, powdered potassium chloride (200 grms.) in a covered Hessian crucible 
until it just melts, and then adding magnesium (15 grms.) in portions of 3 to 4 grms. 
at intervals of 2 to 3 minutes ; if the fused mass is too hot a very violent reaction 
occurs, and the contents of the crucible are thrown out. The crucible is covered 
again, heated more strongly, and then allowed to cool slowly in the furnace. The 
yield of manganese is 20 to 25 grms., the metal containing traces only of silica and 
being quite free from magnesium. 

The reduction of solutions of manganese salts by metals.’ W. B. Giles obtained 
the metal by treating a soln. of manganous chloride with sodium amalgam. 
Hydrogen is evolved, and an amalgam of manganese is formed. This is quickly 
washed, and dried When the amalgam is heated in a tube, dosed at one end, 
the mercury is driven oil, and powdered manganese remains. H. D. Royce and 
L. Kahlenberg recommended heating the amalgam to dull redness in a current of 
hydrogen, so as to prevent the oxidation of the manganese as the mercury is driven 
oil. The powder can then be melted in an atm. of hydrogen. According to 
G. A. Maack, and T. L. Phipson, manganese can be precipitated from a neutral 
soln. of manganese chloride or nitrate by means of magnesium. On the other hand, 
Z. Roussin, and A. Commaille obtained only manganese hydroxide by this method ; 
and S. Kern showed that mang&nosic oxide is formed in two stages : 
3MnCl 2 -b3Mg+3H 2 0-“3MnO“f SMgC^-f'WIo ; and the manganous oxide is 
oxidized by water : SMnO-l-lIsjO^H^ Mn 3 () 4 . Similar results were obtained 
by D. Tommasi, and K. Seubert and A. Schmidt with soln. of manganese sulphate 
and chloride ; while H. N. Warren said that the metal is precipitated by magnesium, 
wrapped round with a few coils of asbestos paper, from soln. of manganese acetate. 
J. G. Hibbs and E. F. Smith tried the action of magnesium on aq. soln. of manganese 
chloride in the presence of alcohol and of a mixture of alcohol and ether, so as to 
hinder the oxidation of the manganese. The deposit contained a kind of hydrated 
oxide ; the presence of free manganese was not proved. The presence of mercury in 
W. B. Giles’s experiment hinders the oxidation of the precipitated manganese by 
water by forming an amalgam. J. A. Poumarfede reported that zinc will precipitate 
manganese from soln. of its salts, but probably the same remarks apply here as in 
the case of magnesium. According to G. A, Maack, aluminium has very little 
on c °ld soln. of manganese salts, but with warm soln, of the sulphate or 
chloride manganese is precipitated ; there is very little action with soln. of the 
nitrate. 
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Electrolytic processes. — R, Bottger, C. Luckow, and W. Wernicke observed that 
manganese is deposited as a hydrated peroxide or a permanganate is formed when 
the neutral or acidic soln. is electrolyzed. G. Gore electrolyzed fused manganous 
fluoride and also a dil. soln. ; in the former case the black deposit on the cathode 
'war not manganese. R. Bunsen obtained manganese by the electrolysis of an aq. 
soln. of manganous chloride, using platinum electrodes. If the current be too low, 
manganosic oxide is deposited. T. Moore obtained manganese by the electro- 
lysis of a neutral soln. containing a large excess of ammonium thiocyanate, and 
a current of high density ; and E. F. Smith and L. K. Frankel found that the metal 
is deposited greyish-white and compact from soln containing an excess of potassium 
thiocyanate. P. P. Fedotecff found that under the most favourable conditions, 
with a neutral or weakly acid 6’5jV-soln. of manganous chloride, at 5^, and a current 
density of 20 amps, per sq. dm., the deposit on the copper cathode contained 
about 65 per cent, of manganese and 35 per cent, of hydrated oxide. According 
to G. D. van Arsdale and C. G. Meier, manganese can be obtained by the electrolysis 
of a neutral molar soln. of manganous sulphate at 23°, with electrode densities of 1 to 
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4*6 amps. »e r sq. dm., and they obtained current efficiencies of 73 to 89 per cent. 
(Fig. 3). Tfw maximum occurred with about 2 amps, per sq dm. l T sing a current 
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can be prepared in small amounts by using 
a catholyte containing 300 grins, of manganous sulphate tetrahydrate, 100 grins, 
of ammonium sulphate, and 2-5 grins, of sulphuric acid peT litre, the acidity 
being maintained by suitable additions of acid l T sing a rotating cathode, 
current efficiencies of 50 to 60 per cent, were obtained. Using a standard 
electrolyte of ammonium and manganous sulphates, no marked improvement 
was obtained with additions of gum arabic, dextrin, and gelatin, and the 
deposit was Icsr pure. Using a burnisher on a rotating electrode, the current 
efficiency was reduced to 8*6 per cent. The use of thiocyanate as electrolyte gave 
a more coherent but more impure deposit , and the use of manganese and 
ammonium perchlorates gave a catholyte which rapidly hydrolyzed. Hydrogen 
dioxide, potassium chlorate, nitrolienzenr, and cinnamic acid were tried as 
depolarizers, but their effect on the cathode deposit was nugatory. They found that 
the best conditions for the elect rodeposi turn of pure manganese consist in the 
electrolysis of a soln. containing manganous and ammonium sulphates (the catho- 
lyte) separated by a diaphragm from the anolyte (ammonium sulphate soln.), the 
H’-conc. being kept at 10“® to 10“ B by the regulated addition, as required, of 
sulphuric acid or of ammonia. The temp, is 30° and the current density at the 
cathode 10 to 15 amps, per sq. dm. The rotating aluminium cathode has a bur- 
nisher lightly pressing against it The subject was discussed by 0. N. Otin, 
H. Bardt, and J. Brczina. 


A. Guntz prepared the amalgam by the electrolysis of a cone. soln. of manganous 
chloride, using a mercury cathode. The amalgam was rapidly washed, passed 
through leather, dried, -and distilled in vacuo at 200° to 250° to remove the mercury. 
A similar process was used by W. Diehl, and H. Moissan. 0. Prelinger obtained 
the amalgam by passing an electric current — 1 1 volts and 22 to 23 c.c. of electrolytic 
gas per min, — from a mercury cathode (20 c.c.) through a sat. aq. soln. of 75 c.c. 
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of manganous chloride to an anode of carbon or platinum-iridium contained in a 
porous vessel. The temp, rises to 70°, and after 5 to 6 hrs. the mercury assumes 
a pasty consistency. The paste is quickly washed by running water without under- 
going appreciable decomposition, the excess of mercury squeezed out through 
linen, and the residue dried over calcium chloride in an atin. of hydrogen. The 
mercury was distilled off. E. Kuh employed a similar process, and melted the 
powder in a magnesia boat in vacuo, and also distilled the metal, obtaining it a s 
a wunderschune metallische Kruste. M. L. V. Gayler obtained 99*99 per cent, 
manganese by distilling the metal above its m.p. at i to 2 mm. press. ; and 
J. B. Friauf said that the process is impracticable because of the great losses. 
H. 8. Booth and M. Merlub-Sobel prepared the metal by the electrolysis of a soln 
of manganous thiocyanate in liquid ammonia. 

A. Simon obtained manganese by dissolving a lower oxide of manganese or 
ferromanganese in fused calcium fluoride, alone or mixed with other fluorides to 
make it more fusible. The metal is freed from phosphorus and silicon by the 
action of fluorine oil the carbon unode, whereby carbon tetrafluoride is formed, 
which reacts with silica : Si0 2 -i-CF^-CO^d SiF 4 , and manganese phosphide reacts : 
2 PjjMti s 4 3Mn-t 3GF 4 4PF a +3Mn 3 () ; and the phosphorous fluoride also reacts 
with silica : 38 i0 2 +4PF h - 3SlF 4 f P 4 0 6 . G Neuendorf! and F, Sauerwald obtained 
the metal by the electrolysis of the fused silicate. 

Ferromanganese was formerly made in crucibles ; IT. H. Meyer 3 discussed the 
manufacture of manganese in blast-furnaces similar to those used for making pig- 
lruii. The manufacture was discussed by W. Henderson, T. L. Joseph and co- 
workers, P. M. Tyler, H. Thaler, K. M Keeney, J. E. Stead, F. Kohn, A. Pourcel, 
H Bessemer, W. Armstrong, etc The manufacture of ferromanganese in electric 
furnaces was described by E. S Bard well, T I). Grier, J. W. Richards, F. Sauer- 
wald and G. NcucmlorfE, G Neuendorf!, G. Gin, etc.- -vide iron utid manganese 
alloys. 

J. Strong and ('. H. Cartwright 4 prepared mirrors or thin films of manganese 
by condensation from the vapour. V. Kohl so hut ter and J. Timelier prepared 
aerosols or Colloidal manganese by vaporizing the metal in the arc, and suddenly 
condensing the vapour in air ; T. Svedberg, by spluttering in lao butyl alcohol, 
ether, etc. ; and H. Kuzel. by the trituration of the mechanically or electrically 
subdivided metal alternately with acidic and alkaline soln. 
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§ 4. The Physical Properties of manganese 

The properties of manganese described in the literature differ, showing that the 
impurities which characterize the metal obtained by different processes modify 
many of the properties. The metal prepared by reducing the halide with sodium 
in 0. Brunner’s 1 process was reported by C. Bullock to be steel-grey, brittle, 
and so hard that a flip will not scratch it,, and it will scratch glass ; whereas the 
metal prepared by H. Goldschmidt's process is said to resemble iron but to have a 
reddish tinge ; it is also said to be hard and brittle, but not to scratch glass. The 
metal obtained by distilling mercury from the amalgam at a dull red-heat was 
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described by 0. Prelinger as a grey, porous, non-pyrophoric mass which is readily 
reduced to powder. E. Frcmy regarded his specimen as crystalline, and R. Bunsen 
also said that the electrodeposited metal is crystalline. M. L. V. Gayler described 
the metal electrodeposited at 27° as a bright, silver-grey maBB, and that desposited 
at 34° is also bright and silver-grey. It shows treeing at the edges of the cathode 
and in isolated patches. The distilled 99*99 per cent, manganese is silver-grey in 
colour, and is very brittle. When the distillate is melted down into ingots, numerous 
cracks appear in the cooling ingot. These cracks cause the ingot to fall to pieces 
with the slightest press., and they are associated with a transformation in tho metal, 
and not with the normal shrinkage. The specimens when polished and etched with 
6 per cent, alcoholic nitric acid, or 0*5 per cent, alcoholic hydrochloric acid, show 
numerous cracks ; and if tempered by heat, the sample is liable to crumble to pieces 
when quenched, or when treated with the etching fluid. Some changes in the 
crystalline structure have been observed to occur about 742°, but no perceptible 
change occurs at 682°. A marked change in vol. occurs about one or both these 
temp. 

1\ Wroth placed manganese jn the list of elements wliich form cubic crystals, 
apparently because M. Levin and G. Taminann found that it yields a continuous 
senes of isomorphous mixtures with iron. Attempts by A. W. Hull and 
W. 1\ Davcy, and J. F. T. Young to determine the crystal form from the X»radio- 
grams were not successful, for the pattern obtained appeared to be too complex for 
the cubic system A. Westgren and (1. Bhragmen, however, inferred that man- 
ga nose exists in at least three aUotropiC forma — vide infra , magnetic susceptibility. 
Then 1 is a-manganese which is stable at ordinary temp, and gives an X-radiogram 
corresponding with the cubic system, ami at higher temp, this changes into fi- 
iminganese, which is also cubical, but slightly denser ; whereas electrolytic man- 
ganese is tetragonal, with the same »p. gr. as a-manganese. It is designated 
y manganese ; whereas A. J. Bradley called it a-manganese, and A. Westgren and 
(T. Phragmcn's a- and /Murru were called respectively the J3- and y-forms. 
A. J. Bradley and J. Thewlis found that for ordinary manganese the cubic lattice 
has a 8-891 A. There are 58 atoms per cell. Each lattice point has a cluster of 
29 atoms, and the clusters have tetrahedral symmetry. The interatomic distances 
range from 2-25 A. to 2*95 A. and indicate an unequal distribution of electrons. 
A. J. Bradley showed that the a- and /3-forms are normally present in commercial 
manganese, and that the a-forni is stable in the range 150° to 180' , and the /3-form 
is stable above 650°. Both forms are stable within the range 650° to 850°, and the 
phenomenon corresponds with isodynamic allotropy, because there is a definite 
equilibrium mixture of the two allotropes corresponding with each temp. 
J. I). Bernal favoured this interpretation, but not so E. Persson and E. Oehman, 
and A. J. Bradley said that the pure /3-form of manganese is obtained by raising the 
temp, above 850° in vacuo, and 
suddenly quenching ; whereas 
the pure a-form is difficult to 
obtain by heat treatment alone, 
although it is produced when the 
/3-form is sublimed in vacuo. 

It has not been possible to in- 
terpret the X-radiograms of the 
a- and /3-forms of manganese, 
but the low order of symmetry 
suggests the monoolinic or 
rhombic systems. The third 
allotropic form, y-manganese, 
has been obtained only by electrodepoBition. The X-radiograms correspond with 
a body-centred, tetragonal lattice with the axial ratio a : c=l : 1*34, or a face- 
centred tetragonal lattice with the axial ratio a : c=l : 0*9445. Assuming the faoe- 
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centred lattice, the edges of unit cell are 0= 3-764 A,, and c =3-556 A. The volume 
of unit cell, containing 4 atoms, is 50>3xl0~ S4 c.c., so that each atom occupies 
12-58 X lO^* 4 c.c. The weight of one atom is 90-6 x lO' 24 grin., and the correspond- 
ing density of manganese is 7*21. The distances of closest approach of atoms for 
manganese, iron, cobalt, and nickel are respectively 2*59, 2*54, 2*51, and 2-50 A. 
On heat treatment, y-manganese passes into the a- and /3-forms, but the change does 
not appear to be reversible. G. D. Preston found single crystals of a-manganese 
had a body-centred, cubic lattice with o=8*894 A., and a density of 7*44; while 
'/{-manganese, stable above 742°, also formed cubic crystals with a lattice of side 
4=6-29 A., containing 20 atoms. The results of G. D. Preston are summarized in 
Figs. 5 and 6. Observations were made by S. von Oldhausen, A. Karlsson, 
T. Ishiwara, and A. Osawa. 

Working with distilled, 99*99 per cent, manganese, M. L. V. Gayler observed 
arrests on the cooling curve 1195°, 1005°, 740°, and 681° ; and on the heating curve 
there is a change of direction at 684°, and arrests at 740°, 744°, 1043°, and 1188 n . 
S. Umino found arrests at 835° and 1044°. She concluded that only one of the 
two lower critical temp., 742°, is accompanied by a change in physical structure ; 
no such change is apparent at 682°. It is generally taken that 742° is the transition 
point of the a^/3 change. C. H. M. Jenkins and M. L. V. Gayler studied this subject. 
According to E. Persson and E. Oehman, pure manganese when quenched gives 
nothing but /3-manganese, but if manganese be alloyed with some copper, iron, nickel, 
or cobalt, the m.p. curves are unbroken, and the alloys have a face-centred, cubic 
lattice. Alloys of manganese with even less than 5 per cent, of copper have a face- 
centred, tetragonal lattice. The higher the copper content the more docs the 
structure approximate to the face-centred, rubic lattice, thus : 

Copper 3-8 8-2 10*5 15 0 per cent. 

a . . 3-771 3-765 3-763 3-755 

c . 3-550 3-601 3-617 3 660 

die 1 : 0-943 1 : 0-956 1 : 0-961 1 : 0-975 

By extrapolation the values for manganese alone become a=3-776, c= 3*525, aiul 
a : c=l : 0*934. These values agree rlosely with those obtained by A Westgren 
and G. Phragmen. The high temp phase obtained by quenching these alloys and 
the y-manganese obtained by electrolysis are the same. By plotting the maximum 
manganese content in the y -phase at different temp., the transition point of y^/3- 
manganese approximates 1191°. With iron and nickel alloys they-phase can be 
obtained only by quenching from temp, exceeding 1024° ; and for an alloy with 
21-8 per cent, of iron, a= 3*705, c— 3*619, and a : c= 1 : 0*976 ; whilst with an alloy 
having 15-7 per cent, of nickel, a— 3*736, c=3-606, and a : c— 1:0*965. The 
cobalt-manganese alloys do not show the y-phase, but an alloy with 11*5 per cent, 
of cobalt quenched from 1100° gave evidence of the presence of y- and /S-manganese 
lines. E. Geh man's observations on the alloy with iron are discussed in connection 
with the iron-manganese alloys. G Hagg also found a high temp., face-centred, 
tetragonal phase in his study of the manganese-nitrogen alloys. E. Persson and 
E. Oehman added that since /3-manganese is brittle at room temp., y-manganese is 
malleable, hence the transition should be accompanied by a sudden change in 
physical properties. In agreement with this inference, they found that both 
a- and /9-manganese are much less brittle at 600° than at room temp., and at 900° C. 
the /3-manganese is in fact malleable, although very hard. At 1160° the hardness 
is still considerable, while at 1200° the metal has become extremely soft. An alloy 
with 21*8 per cent, of iron is hard at 1 100°, but very soft at 1150° C., while an alloy 
with 8 per cent, of copper is quite soft at 980°. There seems to be no doubt, there- 
fore, that the transition point yv^/S ib 1191°. The point 1024°, on the other hand, 
does not seem to be accompanied by any change in crystal structure. It may be 
mentioned that the higher point in M. L. V. Gayler 's curves is more pronounced 
than the lower. In no case has the y-manganese phase been found in equilibrium 
with the face-centred cubic one (copper, y-iron, etc.). This does not prove that the 
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cubic lattice continuously changes into the tetragonal, but if a two -phase range 
exists, it must certainly be very narrow. S. Sekito found for a-manganese that the 
cubic crystals have a lattice with a=8*904 A., 50 atoms per unit cell and a range 
of stability up to 800° ; forjS-manganest, a cubic lattice with a— 6-288 A., 20 atoms 
per unit cell, and a range of stability from about 800° to about 1100° ; and for 
y-manganese a tetragonal cell with a=3*776 A., and a ; I : 0*940, and a range of 
stability over 1100°. When copper forms a solid soln. with manganese, the axial 
ratio c : a increases with the copper content until it becomes unity. W. Schmidt 
obtained evidence of another form, e-manganesc, with a close-packed, hexagonal 
lattice in iron alloys with 16 to 20 per cent, manganese. E. Ochman’s observations 
on the range of stability of this phase are discussed in connection with the iron- 
manganese alloys, and he found for the lattice a —2*541 A., c— 4106 A., and 
a : c-~ 1 : 1*616. It is not stable below 500°. 

The gpedflc gravity of manganese naturally depends oil its degree of purity, so 
that of the early workers, J. G. Gahn gave 7 05 ; T. Bergman, and P. J. Hjelm. 7-0 ; 
J. F. John, 8*013 ; K. Botfcgcr, 8 03 ; H. Davy, 6*85 ; C. Brunner, 7*138 to 7*207 ; 
0. Bullock, 7*231 (fused) ; J. E. Loughlin, 7*84 to 7*99 ; D. Zereteli, 7*7 ; O. Prelinger, 
7-4212 at 4° (powder) ; E. Glatzel, 7*376 at 2274° (fused) ; E. Kuh, 7-241 at 0°, 
and 7*232 at 20° (fused); and R. Frilley, 7*40 at 15°/4 U (fused). A. N. Campbell 
gave 7-034 to 7-080 for the wp. gr. of nodules of the electrolytic metal, and added 
that these are minimum values, because pores filled with hydrogen or vacuous may 
be present. He also discussed the at. vol A. Westgron and G. Phragmen 
calculated from the X- radiograms, 7-21 for up. gr. of the fused a-rnetal ; 7*29 
for the jS-metal ; and 7 21 for the y-metal ; while A. J. Bradley gave 7-21 for 
the electrolytic or y-metal. According to Y. Matsuyama, manganese contracts 
1*69 per cent, of its vol on solidification. K. Honda Hnd co-workers gave 4*50 
]M-r cent, for the chungc in vol., 8v/v, on melting manganese, and for manganese 
with I per cent, of carbon, — 1 -60 per cent. M. N. Saha calculated the atomic 
radius to be 0-98 cm.; G. Natta, 0*90 A.; M. L. Huggins, 1*39 
A (bivalent) ; and W. L. Bragg, 1*47 A., and for electronegative manganese 
1*17 A. A. Ferrari gave 2*50 A. for the diameter of quadrivalent. Mn"‘-ions, 
and 2*95 A. for bivalent Mn'-ionfl. G. Natta and L. Passerim found that if the 
at. radius of oxygen is 1*32 A., that of manganese is 0-89 A. H. G. Grimm, 
A. Kapustinsky, V. M. Goldschmidt, L. Pauling, E. T. Wherry, A. M. Berkenheira, 
J. Cl. Slater, W. F. de Jong and H. W. V. Willems? E. Rabinowitsch and E. Thilo, 
and E. Herlinger studied this subject. It follows from this work that for septivalent 
manganese atoms, the effective at. radius is 046 A. ; for quadrivalent atoms, 0*50 
to 0*52 A. ; for bivalent atoms, 0*80 to 0*91 A. ; and for neutral manganese atoms, 
1*17 to 1-54 A. A. Kapustmsky studied the effect of hydration or solvation. 
E. Persson obtained for the at. vol. of a Mn, 1213 A. 3 ; of j8-Mn, 12*50 A. 3 ; and of 
y-Mn, 12*58 AA A. N. Campbell, W. Biltz and K. Meisel, and J. J. Saslawsky 
discussed the at. vol. ; and P Vinassa, the mol. number. W. Biltz and K. Meisel 
gave 7-26 for the at. vol. at absolute zero. 

As indicated above, M. L. V. Gayler, and others have noted the brittleness and 
hardness of the metal ; J. B. Dumas noted that the manganese he tried scratched 
steel. J. R. Rydberg gave 6 for the scratching hardness on Mobs' scale. T. Turner 
said that the hardness of manganese is J 456 when that of iron is 1375, that of copper 
is 1360, and that of the diamond, 3010. W. C. Roberta-Austen found the t«n«U 
stougfh to be 7-99 tons per sq. in., and the elongation 29-7 per cent, on a 3-in. test- 
pieoe. W . Widder found that the elastic modulus is approximately a linear function 
of the temp. E^-E2 o{ 1"^’001 587 (0-20)} . T. W. Richards gave 0*82 X 10 for the 
CMUD]gMBibllity of the metal in sq. cm. per kilogram between 100 and 510 kgrms*. 
per sq. cm. P. W. Bridgman measured this constant and found at 30° — Svjv 0 
=7-91x10 7 p-f>-3xJ0“ and at 75°, -8v/c 0 ^808xl0- 7 p-4-8xi0-«p«. 
These and T. W. Richards 7 value are said to lie out of line with the neighbours of 
manganese in the periodic table, whereas a value 5-6xl0~ 7 would make a better 
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fit. G. A. Tomlinson discussed the cohesive forces. F. C. Kelley discussed the 
MBnakpi of manganese in iron ; and J. H. Hildebrand and co-workers, the internal 

According to J. Disch, 2 the coefi. of thermal expansion of manganese is 0*0 4 228 
between 0° and 100°; and 0-0 4 159 between —190° and 0°; while E. Kuh gave 
<M) 4 20697 between 20° and 85°. W. Widder gave j8= 0-0000261 at 20° and 0-0000213 
at —190°. H. V. Regnault gave 0-1332 for the specific heat between 13° and 97° ; 
and H. Kopp, 0-127. J, Dewar gave 0-0229 between —203° and —196°; 
T. W. Richards and F. G. Jackson, 0 0931 between —188° and 20° ; T. Estreioher 
and M. StaniewBky, 0-0945 between —188° and 13°, and 0-0945 between - 79-2° 
and 15° ; and N. Stiicker gave 0-1211 between 20° and 100°, and 0-1673 between 20° 
and 550°. N. Stiicker gave for the true ap. ht., c : 

00* 125 s 225° 325° 425° 525 s 

c . 012109 0-12790 0-16644 0 17830 0-17257 0-24774 

c —0-1279-f 0-0001 81 (0—125) +O-O fi 2O(0 — 1 25) 2 , between 125° and 225°; c=0-1279 
+0-000519(0- 125) -OO 6 13(0- 125)*, between 125° and 325°; c=0-1783 

-0-000121(0- 325)-) O-O 6 6(0- 325)2, between 325° and 425° ; c- 0-1783 - 0 000462- 
(0 - 325) + O-O B 4O(0 - 325) 2 , between 325° and 525°; c=0- 1279 +0-000204 - 
(0-125)4 O-O fl 2(0- 125)2, between 125° and 525° ; and c- 0-1211 | 0-000105(0-60), 
between 60° And 125°. R. Lammel gave 0-0979 at —100° ; 0-1072 at 0° ; 01309 
at 300° ; and 0-1652 at 500° ; or c= 0-10722 4 0-0 4 7801 20- U-0 B 1 108502 +0-0 w 381 7803. 
The Corresponding atomic heats are 1-26 at —253° to - 196° ; 5-89 at 0° ; 7-J9 
a f, 300° ; and 9-07 at 500°. E. Kuh gave 0-12130 for the sp ht. at 98-5° and 6-68 
lor the at. ht. of fused manganese. J. Maydel discussed some relations of the sp. 
ht. and gave 0-11542 and 6-36, respectively, for the sp. and at ht. of the powdered 
metal. He also represented the at. ht by A — 8-734 — 938-9(04 352) 1 . 

H. Bt. C. Deville observed that the melting point of manganese is above that of 
iron. P. A. van der Weyde, and T. Carncllev gave 1900° for the in p ; K. Hiege, 
1260° ; F. Heinrich, 1250° ; W. C. Heraeus, 1245° ; M. Levin, and G. Tammann, 
1247° ; W. R. Mott, 1207° ; F. Wust and co-workers, 1210° ; E. Tiede and E. Birn- 
braucr, 1290° ; R. S. Williams, 1228° for 98-7 per cent. Mn ; R. Sahmen, 1214° for 
99-3 per cent. Mn ; A. D. Dourdine, 1235° ; G. Hindrichs, 1207° for 98 per cent. 
Mn ; S. F. Schemtschuschny and N. N. Effimoff, 1245 ‘ for 994 per cent. Mn ; 
N. Baar, 1209° for 98-78 per cent. Mn ; G. Arrivant, 1235° for manganese with less 
than 0-5 per cent. Fe ; E. Ncwbery and J. N. Pring, 1230° ±5°; J. Johnston, 
1225° ; S. Umino, 1221° ; G. K. Burgess and R. G. Waltenberg, 1255° for 97 to 
98 per cent. Mn ; F. Doerinckel, 1244° for 99-4 per cent. Mn ] R. Hadfield, 1240 d 
in vacuo for 97-47 and 98-40 per cent. Mn ; 0. Ruff and E. Gersten, 1243° for 98*7 
per oent. Mn ; and M. L. V. Gayler, 1245° on the heating curve, and 1242° on the 
cooling curve of 99-99 per cent. Mn. W. Widder discussed the relation between 
the m.p. and the elastic constants ; W. Crossley, between the at. vol. and the m.p. ; 
and T. Camclley, between the m.p. and the coefi. of thermal expansion. Z. Herr- 
mann estimated the energy of manganese at the m.p. The ready volatilization of 
manganese was noted by 8. Jordan, E. Kuh, W. N. Hartley, R. Lorenz and* 
F. Heusler, and H. Moissan, and this even at temp, just above its m.p. H. C. Green- 
wood gave 1900° for the boiling point of manganese at 760 mm. ; O. Ruff and 
W. Bormann, 1510° at 30 mm. press. ; W. R. Mott, 2400° (calculated) ; while 
R. W. Millar gave 1900° at 760 mm. ; 1820° at 500 mm. ; 1555° at 100 mm. ; 1465° 
at 50 mm. ; 1285° at 10 mm. ; 1080° at 1 mm. ; and 925° at 0-1 mm. press. 0. Ruff 
and co-workers gave 1526° for the beginning of the boiling of manganese saturated 
with carbon. R. W. Millar represented the vapour pre ssur e, p mm., by log p =2-963 
log T- 127007 l " 1 + 18-621 ; and J. Johnston, log p = -123002*-! +8*55, and 

p mm. 10~* 10“* IQ- 1 1 10 50 100 7fl0 

B.p. 700° 880° 1020° 1170° 1360° 1530° 1610° 1900° 
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F. Wiiwt and co-workers, and W. Herz gave for the heat ol fusion at 1210°, 36*7 
cals, per gram, or 2*01 Cals. per gram atom ; E. Kordes gave 1*36 units for the 
entropy change on melting. fl. Utnino gave 64*8 cals, per gram ; and for the boat 
of transfonnation at 835°, 2-88 cals, per gram; and at 1044°, 4*53 cals, per gram. 
A. Guntz found that the heat of oxidation of the pyrophoric metal (Mn,0)=90*6 
Cals. ; and that of the fused metal, (Mn,0) =94*8 Cals. ; hence the heat of formation 
of the more chemically active pyrophoric metal from the metal which has been 
fused is 3*8 Cals. H. von Jiiptner gave 2Mn4 0 2 =2MnO -hl81*9 Cals.; and 
Mn+0 2 — Mn0 2 +125*3 Cals. J. Thomsen found that the heat Of solution of the 
fused metal in hydrochloric acid is 49-7 Cals. F. Wtist and co-workers gave 24*14 
cals, for the heat of transformation of manganese into an allotropic form between 
1070° and 1130°. G. N. Lewis and co-workers found the entropy of manganese to 
be 7*3 Cals, per degree at 25° and one atm. press. ; W. Herz, 11 -00 ; and E. D. East- 
man calculated 6*9 to 8*2 Cals, per degree by two different methods. B. Bruzs 
gave 20*2 for the entropy at the m.p., and 7*3 at 25°. R. D. Kleeman discussed the 
internal and free energy of manganese ; and W. Herz, the entropy. 

H. von Wartenberg 3 gave p,= 2*49 for the index of refraction of manganese for 
the wave-length A“5790 ; k— 3*89 for the index of absorption ; and E=64 per cent 
for the reflecting power ; J. T. Littleton gave for A=5893,/i=2*41, k= 3*88, and 
7f^=64-0 ; while V. Freedcricksz gave : 


X 

. 2570 

3250 

3600 

4140 


4680 

5320 

5880 

6680 

p 

. 0001 

1*005 

1-159 

1-390 


1-653 

1*846 

2*246 

2-619 

k 

. 1-180 

1-758 

2 078 

2*495 


2-833 

3*267 

3*753 

4-050 

H 

. 30 5 

42*9 

48*3 

53*4 

56-1 

60-4 

63*5 

04-5 

G. Pfestorf gave 









X 

. 578 

54 6 

436 

406 

366 

313 

281 

254 


/* 

. 1*88 

1*83 

138 

1*30 

M2 

1-05 

0-90 

0-83 


k 

. 1*85 

1-73 

1-92 

1-90 

2-00 

2-03 

2-04 

2-02 


R 

. 55*3 

59*5 

56-5 

54-3 52-8 

52-1 

48-3 

46-0 

per cent. 


J. 11. Gladstone found the molecular refraction of manganese in its salts to be 0*222 ; 
and in the permanganates, 0*476 ; W. J. Pope gave 14*04 for the atomic refraction 
of manganese in manganous salts ; and J. H. Gladstone, 11*5. A. E. H. Tutton 
discussed this subject. 

According to J. B. Nathanson, the reflecting power of manganese, distilled in 
vacuo, is from 61 *6 to 63*5 per cent, for wave-lengths 4600 A. to 6800 A. The values 
at the blue end of the spectrum are greater and those at the red end are less than 
those obtained for manganese prepared in other ways. 

W. Biltz 4 discussed the colour of manganese compounds. A colourless gas 
flame is coloured green by manganous chloride. W. A. Miller found green bands 
in the spectrum of manganous chloride in the alcohol flame, but he thought that 
the result was due to the chlorine, because other chlorides gave a green flame. 



Figs. 7 and 8. — The Flame and Spark Spectra of Manganese. 

L. de Boisbaudran compared the result with the green flame of boric acid. Accord- 
ing to J. Formanek, manganous chloride gives a flame spectrum which quickly 
vanishes as the manganese is oxidized. The flame spectrum, Fig. 7, consists of 
orange-yellow bands 6205 and 6179 ; a narrow yellow band 5848 ; a yellowish- 
green band a=5592 ; and green bands 0=5424, 5392, and 5360 ; y-^5320, 5193, 
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and 5158 ; and £*=5052, 5014, and 4984. These bands are produced when a large 
proportion of manganous chloride is present in the flame ; with a small quantity 
of the salt only the a, j8, and y bands are produced. Other manganese salts do not 
give this spectrum. H. Casaretto examined the band spectrum of manganous 
chloride in the oxy-coal-gas blowpipe flame ; and R. Mecke, the band spectrum 
of manganous oxide. The flame spectrum of manganese was examined by 
W. A. Miller, R. T. Simmlcr, R. Bottgcj-, M. A. Catalan, A. Mitscherlich, J. Muller, 
A. R. Leeds, L. de Boisbaudran, A. Gouy, J. N. Lockyer, W. N. Hartley, 0. Vogel, 
C. de Watteville, A. Hagenbarh and H. Konen, H. Auerbach, J. Pliicker and 
J. W. Hittorf, and E. Diacon. The spectrum in the oxyhvdrogen or coal-gas flame 
was examined by W. N. Hartley. W. N. Hartley and H. W. Moss, and H. Casaretto. 
One way of controlling the beasemer steel process is to watch for the vanishing of 
the manganese bands from the flame spectrum ; it is then assumed that the dccar- 
bonization of the iron is complete. The spectrum of the bessemer flame has been 
examined by W. M. Watts, W. N. Hartley, and (\ J. Lundstrorn. The more 
important lines of the gpark spectrum of a manganous chloride soln. are : an 
orange-yellow line 6017, /J, Fig. 8 ; the green lines 5420, 5413-S, 5377-£, and 5341-y ; 
the four blue lines a, 4824, 4784, 4766, and 4754 ; and the indigo-blue line 4462-e. 
There are numerous other lines of minor importance in the recognition of the 
manganese spark spectrum. Observations were made by W. A. Miller, W. Huggins, 
W. F. Meggers and co-workers, F. Exner and E. Haschek W. Beckmann, R. Thalrn, 
W. N. Hartley, W. N. Hartley and H. W. Moss, E O. Hulburt, W. Kraemer, 
A. W. Smith and M. Muskat, J. N. Lockyer, K. Burns, M A. Catalan, S. P. de Rubies, 
E. Bark, (3. Ciamician, J. Parry and A. E. Tucker, F. McClean, A. de (Jramont, 
E. Denuu\ay, W. E. Adeney, O. Lohse, C. Fritsch, A. Hagcnhach and H. Konen, 
J, H. Pollok and A. G. G. Leonard, L. Jamcki, J. M. Eder and E. Valenta, and 
C. M. Kilby. According to W. N. Hartley, 0-0001 per cent, of manganese can be 
detected in a soln. by the spectral lines. The arc Spectrum was examined by 
J. R. Capron, A. Sellerio, R. Thalcn, F Exner and E. Haschek, R. Frorichs, S. P. de 
Rubies and J. Dorronsoro, S. P. de Rubies. C. ('. Kiess and W. F. Meggers, 
W. F. Meggers and co-workers, S. Winninghaus, A. 8. King, (3 S Monk, K Burns, 
J. C. McLennan and A. B. McLay, E. Back, B. Hassolberg, R. E. Loving, A. Hagen- 
bach and H. Konen, M. A. Catalan, A. Homli, W. J. Humphreys, H. Fuchs, and 
C. M. Kilby. The spectrum of the dust m explosions of gases was examined by 

G. I). Liveing and J. Dewar ; the absorption spectrum of the vapour, by 
J. N. Lockyer and W. C. Robert s-Austcn, R. V. Zumstein, G. A. Hemsalech, 
A, S. King, R. G. Loyarte and A. T. Williams, J. Fridrichson, J. (\ McLennan 
and E Cohen, A. W. Smith and M. Muskat, J. Parry, W. Grotrmn, and H. Gender ; 
the ultra-violet spectrum, by W. A. Miller, R. J. Lang, L. and E. Bloch, 
S. Wirminghaus, ,1. Schonn, A. Cornu, and F. Exner and E. Haschek ; and the 
Ultra-red spectrum, by C. C. Kiess and W. F. Meggers, and 11. M. Randall and 
E. F. Barker. The anomalous dispel sion was examined by L. Puccianti, and 

H. Geisler ; the self-induction, by (3. A. Hemsalech, and C. M. Kilby ; the enhanced 
lines, by M. Kimura and (3. Nakamura; the ultimate rays, by A. T. Williams; the 
effect of pressure, by W. J. Humphreys, and G. 8. Monk ; and the effect of a magnetic 
field— the Zeeman effect- - by A. A. Michclson, E. Back, J. E. Purvis, O. Liittwig, 
J. H. van Vlcck and A. Frank, W. (\ van Geel ; J. Parry discussed the periodic law 
and spectra ; and H, Kayser and (\ Runge, K, Bechert and M. A. Catalan, 
H. N. Russell, A. Sommerfeld, 8. Goudsmit, D. R. Hartree, R. A. Sawyer, 
J. C. McLennan and A. B. McLay, G. Wentzel, F. Croze, 8. Kawata, t\ C. Kiess 
and 0. Laporte, W. F. Meggers and co-workers, 0. 8. Duffendack and J. G. Black, 
R. Frerichs, H. E. White, R. <\ Gibbs and H. E. White, H. E. White and 
R. Ritschl, E. Paulson, A. E. Ruark and R. L. Chenault, and P. G. Nutting, 
the structure of the lines, and the series spectra. M. A. Catalan said that the 
flame, arc, and spark spectra of manganese, like those of other elements, are 
formed by two classes of lines, some belonging to the neutral atom, and some to 
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tile ionised atom, Mn+. There are triplet series and combination lines in the 
spectrum of the neutral atom. The lines of ionized manganese, enhanced lines, 
also form triplets ; there is a system of sharp, diffuse, and principal triplets, and 
another system of narrower triplets corresponding with the single line systems 


X 539* \404l A 5341 



Fiu. 0.— HyperHn*' Structure of the Spectrum of Manganese. 


in the alkaline earths, as in the case uf the neutral atom Each spectral line in 
manganese is really a tiny multiplet. H E. White and It. Ritschl represented 
the fine structure of the manganese lines 531*4, and 4041 at liquid air temp., and 
5341 from a vacuum furnace m 
Fig. 9, and the 4823, 4783, and 
4734 lines at liquid air temp, in 
Fig. 10 The subject was discussed 
by R. S. Seward. 

I. Lifschitz and E. Hosenbohm 5 
examined the absorption spectrum 
of manganese salts. According to 
P. Lambert, the absorption spec- 
trum of manganous chloride has an 
intense broad band between 5130 
and 5575; a broad, less intense 
band between 4:200 and 4425 ; and 
a group of six narrow bands 4102-5 
to 4122-5, 4052-5 to 4080, 4020 
to 4032-5, 4000 to 4010, 3962-5 to 
3977-5, and 3945 to 3957-5. Ac- 
cording to J. Formanek, a neutral 
sola, of manganous chloride reacts 
with tincture of alkanna without 
changing the colour of the liquid, 
but the absorption spectrum is 
displaced to the left, and a band 
appears at 6145, If aq. ammonia 
is added -not enough to produce a 
turbidity — the liquid becomes blue, 
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Fig. 10. — Hyperfine Structure of the Octet 
System of the Manganese Spectrum. 


and the absorption spectrum shows bands at 617 1 , 5707 and 5303. The presence of 
iron or chromium interferes with the results. W . A. Millor, and E. Luck observed the 
absorption spectrum of manganic chloride. W. Friederichs gave 5274, 5212, 5070, 
5002, 4882, 4029, 4708, 4663, 4543, and 4390. J. M. Hiebendaal found a feeble 
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band at 5890 to 5440 with a soln. of manganous phosphate in water. Observa- 
tions on the manganous salts were also made by H. W. Vogel, P. Hoppe-Seyler, 

J. Moir, 0. J. W. Grievcson, N. von Klobukoff, C. Kubierschky, and J. M. Hiebendaal . 
W. Jasehke and J. Meyer examined the absorption spectra of potassium manganate 
and permanganate, of manganese tetrachloride, of manganic chloride, sulphate, 
and phosphate, and of manganous chloride and sulphate. The absorption spectra 
of all the compounds show great similarity, particularly in respect of the band in 
the red ; this band is very persistent, and only disappears with the very dilute 
soln. of permanganate and manganous chloride. The central band appears, how- 
ever, to be influenced by the valency, in the sense that it moves towards the red 
end of the spectrum with increasing valency. The violet end of the spectrum is 
most sensitive to changes in valency, but they were unable to make any measure- 
ments in that region or in the ultra-violet portion of the spectrum. The absorption 
spectrum of the permanganates can be recognized in soln. diluted 1 : 250,000. 

J. Formanek observed eight bands at 5710. 5473, 5256, 5054, 4870. 4707, 4544, 
and 4395 — Fig. 11. L. de Boisbaudran observed bands at 5703, 546.5, 5246, 5045, 
4861, 4694, and 4543. A. Hagenbach and R. Percy’s measurements gave 4388, 
4537, 4695, 4866, 5050, 5249, 5461, and 5695. The bands are so related that there 
is a constant difference between the oscillation frequencies of successive members 
of the group. J. Formanek’s broad band at 6370 can be resolved into the four 
bands at 5949, 6264, 6528, and 6862, so that these form a continuous series with 
the other eight bands E. Adinolfi observed that the absorption spectrum is not 
influenced by the extent to which the Halt is ionized in soln. Observations were 
also made by H. Rayser, T. R. Simmler, J. Muller, J H. Gladstone; F. Hoppe- 

Seyler, J. Moir, A. Hantzsch 
and R. H. Clark, J. E. Purvis, 
T. R. Merton, W. Ostwald, 
V. R. von Kurelec, C. J. W. 
650 600 550 soo *50 mb Gricveson, E. Adinolfi, H. Gom- 

Fio. 11. — Absorption Spectrum of Potassium bos, G. G Stokes, H. Breiner, 
Permanganate Solutions. C. Pulfrich, H. Morton and 

H C Bolton, C Christensen, 

K. Stockl, W. N. Hartley, J. M. Hiebendaal, and K. Vierordt. J. L. Sore t observed 
a band in the ultra-violet between 3900 and 2750. H. Bremer found that the bands 
are displaced about 50 A. towards the red as the temp, rises from 20° to 80°, and 
H. Morton and H. C. Bolton, and W. N. Hartley also observed a displacement of 
the bands with a rise of temp., but J. M. Hiebendaal observed that temp, has no 
influence on the position of the bands. K. Stockl gave for cone, soln 5645, 5410, 
5225, 5065, and 4875; and for dll. soln. 5655, 5465, 5265, 5050, and 4890. 
H. W. Vogel found that the spectrum of tne solid differs from that of the soln. by 
a stronger absorption between the bands. J. Holluta examined the absorption 
spectrum of the manganates, and the raanganito manganates. G. B. Rizzo found 
the spectrum of manganese-tinted glass showed bands at 6740, 6560, 6380, 6030, 
5900, 5830, and 5540 at 15° ; at 6860, 6620, 6460, 6040, 5920, 5840, and 5540 at 
300 9 ; and 6660, 6500, 6050, 5930, 5850, and 5540. V. R. von Kurelec measured 
the absorption bands of potassium permanganate dissolved in vAnous solvents. 
E. Viterbi studied the ultra-violet absorption spectrum of potassium permanganate 
BOln. ; C. L. Cross, the spectrum of manganese in glass ; and K. Schlossmacher, 
the spectrum of manganese in spinels. 

J.Fridrichson 0 examined the resonance Bpectram of manganese vapour; and 

L. de Boisbaudran, the fluorescence spectrum of manganese compounds in vacuo, 
under the influence of the electrical discharge. Many manganese compounds 
do not fluoresce after calcination, but they impart fluorescing properties to non- 
fluorescing substances. Thus, A. E. Becquerel, L. Bruninghaus, and V. Klatt 
and P. Lenard observed this with calcium sulphide ( q.v .) ; J. R. Mourelo, with 
strontium sulphide ; and H. Griine, and the Chininfabrik Braunschweig, with zinc 





MANGANESE 


177 


sulphide. A. Dauvillier discussed the green fluorescence with taanganese glass 
exposed to cathode rays ; and A. Karl, the tribohlxnillQgoeQCe of the oxides and 
sulphides of manganese. According to T. Tanaka, manganese is the principal 
agent in the cathodoluminescence of artificial rubies, and spinel. W. G. Guy 
observed no radioactivity with the salts of manganese. 

The absorption of the X-rays was studied by U. Andrewes and co-workers, 7 
T. E. Auren, and K. Chamberlain. The X-ray spectrum of manganese has lines 
in the K-series at a x a, 2-09777 ; aga^ 2*0879 ; 1-902 ; and j 8 2 y, 1-892. The 

K-series was observed by V. Dolejsek, V. Dolejsek and K. Pestrecoff, V. Dole jack 
and H. Filcakova, G. Kettmann, S. Bjorek, S. Eriksson, R. Thoroeus, S. Idei, 
S. Pastorello, G. B. Dcodhar, K. Chamberlain, B. Kievit. imd G. A. Lindsay, 
H. Beuthe, T. Wetterblad, 0. Stelling, G. Ortner, A. E. Lindh, H. R. Robinson, 

H. Walter, D. M. Bose, W. Duane and K. F. Hu, B. C. Mukherjee and B. B. Ray, 
W. Duane and H. Fricke, J. Schror, E. Hjalmar, N. Seljakoff and co-workcrs, 
R. C. Gibbs and H. E. White, H. R. Robinson, D. Coster, M. Siegbahn, and 
N. Stensson ; the L-series, by S. Bjorek, C. E. Howe, J. Schror, H. Hirata, 
R. Thoroeus, R. Thoroeus and M. Siegbahn, B. C. Mukherjee and B. B. Ray, 
and M. J. Druyvesteyn ; and the M-series, by U. Andrewes and co-workcrs, S. Bjorek, 
B. C. Mukherjee and B. B. Ray, and M. Levi. W. Duane and H. Fricke found the 
critical absorption wave-length is 1-8893 XlO” 8 cm. (). W. Richardson and 
F. S. Robertson, and F. C. Chalklin examined the emission of soft X-rays from 
manganese ; L. P. Davis, the effect of oxidation on the emission of soft X-rays ; 
and J Fridrirhsun, the resonance radiation of manganese vapour. 

D. R. Hartree 8 calculated 14*5 volts for the ionizing potential j M. A. Catalan, 
and J. G. Blaok and O. S. Duffcndack gave 7-4 volts, and 8. C. Biswas, 7-36 volts 
for the Mn-11 spectrum ; H. N. Russell also gave 7-40 volts for the first ionization 
potential, and 15-70 volts for the second one. A C. Davies and F. Horton, 
F. 0. Chalklin, and B. B. Ray and R. C. Mazumclar discussed the critical potentials 
for soft X-rays ; A. Hantzsrh and H. Carlaohn, the work of ionization ; 0. E. Eddy 
and co-workers, the analysis of manganese by means of the X-rays ; D. M. Yost, 
the absorption of X-rays by manganous salts ; R. W. James and G. W. Brindley, 
the scattering of X-rays ; H. B Wahlin, the emission of positive ions by the heated 
metal ; R. H. Ghosh, the relation between the electronic structure and the ionizing 
potential ; and H. N. Russell, the ionization in the solar atmosphere, and the ionizing 
potential. W. Herz gave 7-52 xio -12 for the vibration frequency; and 
J. E. V Wagstaff, 7-5 xlO -12 . M. von Lauo,° A. Goetz, and W. Espe studied the 
emission of electrons from the metal at a high temp. N. Piltschikoff observed that 
manganese emits positive Moser’s rays. T. Puvolini, and 0. W. Richardson and 
F. 8. Robertson studied the photoelectric effect ; (J. Nakaya, the influence of 
adsorbed gaB on the phenomenon ; J. Fridrichson, the fluorescence of the vapour ; 
and R. E. Nyswandor and B. E. Cohn, the effect of manganese on the thermo- 
luminescence of glass. R. Robl observed no luminescence in ultra-violet light. 

According to E. Kuh, 10 the electrical resistance of manganese is 0-00015298 ohm, 
and the electrical 0CHdll0tiyity v 1225 xlO* mhos. A. Schulze gave 0-0000044 for 
the sp. resistance. W. Meissner and B. Voigt measured the resistance of two 
different samples of manganese down to - 271-8°, and found for the ratio, r, of the 
resistance, R, at the given temp, to the resistance, 2? 0 , at 0°, when for 

I, R 0 ^5-161 X 10-® ohm at 0-16°, and for II, G-486 x 10” 8 ohm : 

010 -184 10’ -252 54’ -26B80’ -271*40° -271*78’ 

r for I . . 1 0-9770 1-0020 0*0766 0*0681 — 

r for II . . 1 0-9696 1 0082 0-9900 — 0-9860 

P. W. Bridgman studied the press, coefi. of the resistance of manganese, at 30°, 
up to 12,000 kgrmB. per sq. cm., and obtained $R/Rq=—1 -012x10^^+5-63 
Xl0r“Up2 K. F. Herzfold, and K. Hojend&hl studied this subject from the point 
of view of the electron theory. P. Kapitza examined the effect of a magnetic 
fidd on the electrical conductivity of manganese. 
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J, B. Seth and co-workers studied the e.m.i. developed by manganese in contact 
with a rotating steel disc. H. D. Royce and L. Kahlenberg 11 obtained values 
for the electrode potential of manganese against aq. soln. of manganous salts, 
in the absence of oxygen, by using a liquid or pasty manganese amalgam electrode 
which is continuously stirred. The potential is independent of the concen- 
tration of the amalgam above 1*2 per cent, manganese. Neglecting the liquid 
junction potential, and taking the potential of the normal calomel electrode 
as 0-560 volt, the potential of manganese against 0-5iV-MnS0 4 is — 1-452 volt ; 
jV-MnS0 4 , - 1449 volt ; JV-MnCl 2 , - 1-436 volt ; and 2V-Mn(N0 3 ) 2 , -1-232 volt. 
B. Neumann gave 0-815 volt for normal soln. of the sulphate ; 0*824 volt, 
chloride ; and 0-560 Volt, nitrate ; V. Nejedly gave the e.m.f. 2?= 1*510 volt, and 
dff/d0— 0*0001510 vdlt for the temp, coeff. of the e.zn.f. of manganese in a soln. 
of 0-001 JV-MnClg and O-lN-KCl. H. Gerding gave for the normal electrode 
potential of manganese in aluminium sulphate £h— — H) volt. Observations on 
the potential of manganese were also made by T. J. Martin and A. J. Helfrecht, 
R, Lorens and G. Hostelet, A. Thiel and W. Hammerechmidt, E. Ncwbery, and 
W. Muthmann and F. Fraunberger. 8. Kyropoulos detected a different potential 
in different parts of the same metal in soln. of potassium ferrocyanide. O. Bauer 
observed that in a 1 per cent. soln. of sodium chloride, and with a normal calomel 
electrode, the potential was —1-305 volt at the start ; -1-200 volt after an hour , 
and —1*120 volt after 120 hrs. G. Qrubc and K. Hubench measured the 
oxidation potential of soln. of manganese sulphates in sulphuric acid- -mde 
manganous Bulphate. A. N. Campbell found that the e.m.f. of the cell 
Mn | A/-MnS0 4 f 3JV-KC1 1 Hg 2 Cl 2 (with 3AT-KC1) | Hg is -0*797 volt at 12° ; and 
the potential of the half element Mn | OlJlf-MnSO* is —0-821 volt. The hydrogen 
over-voltage with respect to 2V-Na2S0 4 and 0-02-NaOH at 16° is : 

Over-voltage . 0 615 0-644 0-705 0-755 0-823 0-650 1-044 volt 

Current density . 0-47 0-63 1-33 2-33 4-00 5-00 10-00 amp. per aq dm. 

and with a current density of 3*33 amp. per sq. dm. : 

15-5° 53 5 - 71° S4 e 

Over-voltage 0-801 0-622 0-507 0-393 volt 

For the normal potential of quadrivalent manganese ions in the presence of bivalent 
manganese ions, A. N. Campbell gave, on the hydrogen scale, 1*465 volts at 16°. 
According to W. Muthmann and F. Fraunberger, manganese is in many respects 
analogous to zinc, and does not show passivity ; on the other hand, E. Muller 
supposed that it does possess a very labile passivity, beat shown when it is used as 
anode in a soln. of acidic sodium phosphate. With a high enough current density 
—say 0*075 to 0*15 amp. per sq. era. — it passes into a soln. as tervalent manganic 
phosphate and liberates oxygen. The ammeter or the electrometer shows that 
pulsations occur ; with the minimum values for the e.m.f., hydrogen is evolved 
vigorously at the electrode, so that both hydrogen and oxygen appear. This sub- 
ject has been discussed by H. Kuessner, G. Grube and co-workers, and A. Giinther- 
Schulze. The eleotrodeposition of manganese has been discussed in connection* 
with the preparation of manganese. According to H. Kuessner, with a manganese 
anode in neutral solutions (of potassium chloride or sulphate), the metal dissolves, 
and both hydrogen and oxygen are evolved, the whole of the metal finally present 
in the soln. being bivalent. Manganese itself dissolves, with evolution of hydrogen, 
but the rate is too slow to account for the quantities of hydrogen observed ; it is, 
therefore, thought probable that univalent manganese ions are formed, which 
react with the hydrqgen ions in the soln. thus : 2Mn +2H'=2Mn"+Hj. From 
8 to 10 per cent, of the manganese dissolves in this way. The oxygen is evolved 
when the potential of the manganese anode is more than 0*3 volt more negative 
than the normal hydrogen electrode, whilst hydroxyl ions could only be discharged 
directly if it were 1*62 volts more positive ; the oxygen is, therefore, a secondary 
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product. The potential measurements show further that the diesoiution of man- 
ganese accompanied by evolution of oxygen at the anode and of hydrogen at the 
cathode ia a process which takes place of its own accord ; hence the gain of free 
energy due to the conversion of metallic manganese into ions cannot be less than 
the loss due to the decomposition of water. Following this out quantitatively, 
it appears that the manganese must dissolve primarily in the form of 
tervalent ionB, which then react with hydroxyl ions thus : 2Mn‘‘+20H' 
=2Mn“4 HgO+JC^. Increasing the alkalinity of the electrolyte leads to the forma- 
tion of manganese ions of higher valency in increasing quantity. E. Muller found 
that when manganese is used as an anode in electrolysis, the manganese becomes 
passive in alkaline soln. of sodium sulphate or phosphate, but behaves normally 
in acidic and neutral soln. E. Muller also found that manganese dissolves in weakly 
acidic soln. of sodium phosphate as manganic phosphate at a high current density 
(7-5 to J5 amp. per sq. dm.), and oxygen is simultaneously evolved. The ammeter 
shows that pulsations are set up, and with the lowest value of the e.m.f., hydrogen 
is violently evolved at the electrode. This evolution again ceases, and the issuing 
gas contains oxygen and hydrogen, the presence of which may be shown by ex- 
ploding the mixture. The passivity of manganese is so labile that, as anode, it 
falls back into the active condition . G. Grubc and H. Metzger observed that with 
hot, cone, soda-lye, manganese passes into soln.- - at low current densities as bivalent 
atoms ; at medium current densities as tervalent atoms ; and at still higher current 
densities as scxavalcnt atoms, which formed manganate. At room temp., however, 
or in dil. soda-lye, the manganese dissolves immediately in the septavalent con- 
dition. A. N. Campl>ell observed that the potential of manganese with no current 
flowing is —0*7% volt ; and with a current density of 0-7 to 7*0 amp. per Bq. dm. 
it is - 0*725. This gives 0*070 volt as the measure of the passivity. Hydrogen 
was freely evolved at the cathode, but no visible gas at the manganese anode. 
The soln. l>ecame somewhat cloudy, through precipitation of basic manganese 
sulphate in the neighbourhood of the cathode. Metallic manganese also was 
deposited on the cathode. There was no formation of permanganate. R. Saxon, 
and I. Slendyk made some observations on the subject. J. Chloupek found the 
normal potential of platinum for mixtures of equal proportions of tervalent and 
bivalent manganese phosphates in phosphoric acid soln. is 0*98 to 1-18 volts on the 
hydrogen scale. The instability of the soln. makes the results variable. 
B. N. Chuckubutti obtained Nobili's rings by the electrodeposition of manganese 
from a soln. of manganese sulphate on a brass plate. 

A. Heydweiller gave 44 for the ionic mobility of manganese, |Mn ", at 18°. 
E. Gapon and I. Z. Khaakcs studied the hydration of bivalent manganese 
ions. Observations were also made by W. Althammer. W. Ostwald gave 240 
cals, for the boat of ionisation per valence. J. Thiele discussed the thermo- 
electric properties. H. Zahn and H. Schmidt found that the coeff. R of the Hall 
effect is — 93xl(^ 5 , and the coeff. Q of the thermo -magnetic effect is — 15xl0~°. 
According to J. Brezina, with neutral or acidic soln. of manganous chloride, the 
electro-deposition of manganese at the dropping cathode proceeds reversibly, the 
deposition potential from a molar soln. being — 1*326 volts, relative to the normal 
calomel electrode. The polarization curves permit the detection of manganous salts 
in soln. down to 10"" 6 mols per litre. The deposition potential becomes negative in 
the presenoe of ammonia owing to the formation of complex cations. W. Ogawa 
studied the activation of galena as a radio-detector by manganese salts. The 
simultaneous precipitation of manganese and zinc was discussed by O. 0. Ralston. 
H. Nagaoka and T. Futagami discussed the spluttering of manganese by the dis- 
ruptive discharge in a magnetic field ; M. Haitinger, the intensity of the ultra-violet 
light from a manganese arc-light ; and C. E. Mendenhall and L. R. Ingersoll found 
that small globules of metal on Nernst’s glower move against the current. K. Meyer 
and A. G iinther-Schulze studied the cathodic spluttering of. manganese. 

There has been some discussion as to whether manganese is paramagnetic or 
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nut. The paramagnetism has been attributed to the presence of its oxides or of 
metallic iron as impurities. M. Faraday, and E. Seckelson found specimens of 
electrolytic manganese to be ferromagnetic ; and P. Weiss and H. K. Onnes obtained 
a sample of manganese, as a grey powder, by electrolyzing a soln. of the purified 
chloride, with a mercury cathode, and subsequently distilling off the mercury ; when 
the powder was compressed in the form of a rod, it was paramagnetic. The powder 
was fused in a magnesia boat, and the external film of oxide was turned off with a 
diamond-pointed tool. The rod was ferromagnetic. Fig. 12 represents the 
hysteresis curve — vide iron. P. Kapitza studied the magnetic properties of man- 
ganese. The maximum value of the sp. magnetization is a hundred times weaker 

than that of iron, and the coercive force is 
670 gauss — that iB, ten times as strong as 
that of steel used for making good permanent 
magnets. The rod was strongly attracted 
between the poles of a magnet, and placed 
itself perpendicular to the field. Hence, 
manganese of the same degree of purity can 
occur in two states — paramagnetic and ferro- 
magnetic. E. Wiedemann 12 found that the 
atosnio magnetism of manganese in potas- 
sium manganic oxalate is 70-58 and in the 
fluoride 43*25 when that of iron in Fe01 3 is 
100. P. Collet gave 56*5 X 10”® unit for the 
manganese in potassium permanganate ( q.v .). 
0. Liebknccht and A. P. Wills made some 
observations on the paramagnetism of manganese salts. K. Honda and T. Sone 
gave 10-1 Xl0“® unit for the magimtio susceptibility of manganese at 18°, and 
20x10“® unit at 1000°. M. Owen gave 8*39xl0“ e mass unit ; E. Kuh, 2130x10“® 
and 1080x10“®; and T. Ishiwara, 9*66x10“® mass unit; while K Ihdc gave 
80 X 10^® vol. unit. K. Honda and T. Sone observed a discontinuity in the curve fur 
the magnetic susceptibility of manganese at 1040° ; and Y. Shimizu found that the 
magnetic susceptibility of 99*9 per cent, manganese at room temp, is 7*55 x 10“® mass 
unit, and at higher temp, the value changes as indicated in Fig. 13. There is an 
abrupt increase at 810° corresponding with the allotropic a->j9 transformation ; 
and one at 1100° corresponding with the transformation. According to 

R. Hadfield and co-workers, powdered manganese has a paramagnetic susceptibility 
of 11*0x10“® mass unit; cast manganese is ferromagnetic, but after repeated 

heating to redness and washing with hydro- 
chloric acid, the mass susceptibility gradually 
fell from 2000x10“®, approaching the value 
for powdered manganese. The ferromagnetic 
properties were inferred to be due to occluded 
hydrogen. Manganese steels gave variable 
and large values, which were greatly reduced, 
after washing with hydrochloric acid to re- 
move surface ferriferous impurities, to the 
order of 75 to 100 X 10“®. W. Lepke found that for a field strength of H kilogauss, 
the mass susceptibilities x 10® of massive and powdered manganese are : 


-fZ-10 8 -6-4 ~Z 0 Z 4 6 8 M JZ 
Magnettz/ng force, H 

Fig. 12. — Cyclic Magnetization of 
Manganese — Hysteresis Loop. 
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Fig. 13. — The Magnetic Susceptibility 
of Manganese at Different Tem- 
peratures. 
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R. H. Weber, A. Duperier, J. H. van Vleck and A. Frank, B. Cabrera, and K. Ihde 
made observations on this subject — vide infra , cuproznanganese. M. Faraday 
suggested that possibly manganese at ordinary temp, is above its critical point, but 
P. Weiss and H. K. Onnes observed no indication of a ferromagnetic state at —259°. 
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C. E. Guillaume’s suggestion that Heusler’s alloys owe this magnetic state to the 
effect of aluminium in raising the temp, of magnetic transformation has no experi- 
mental support. P. Weiss and H. E. Onnes found that the magnetic induction, B, 
and intensity, H, curve showed the large coercive force of 670 C.G.S. units. Even 
at H =12,000 the specimen was not saturated. This agrees with the assumption 
that this clement possesses a ferromagnetic property. The saturation intensity, 2, 
deduced from the manganese alloys is 2300, whereas that for iron is 1700. 
H. Freese, and I. Tamm studied the magnetizability of thin films of manganese ; 
E. H. Williams, the relation of magnetism and valency ; and J. C. Thomson, the 
relation between magnetism and thermoelectric force. S. S. Bhatnagar and 
co-workers found that manganese salts lose their paramagnetism and become 
diamagnetic when adsorbed on charcoal. The subject was studied by D. M. Bose, 
and L. Sambi and L. Szego ; P. Weiss, C. Sadron, and E. C. Stoner discussed the 
magnetic moment of manganese ; and P. Weiss, A. Chatillon, and B. Cabrera, the 
structure of the magnetic molecules ; and J. (J. Slater, the place of manganese in the 
theory of magnetism — vide iron. 
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§ 5. The Chemical Properties of Manganese 

W. Guertler 1 discussed the chemical affinity of manganese. F. Fischer and 
F. Schroter observed no reaction when manganese is sparked beneath liquid argon. 
L. Troost and F. Hautefeuille made observations on the absorption of gases by 
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molten manganese ; they found that the solubility of hydr of l in molten east-iron 
is increased in the presence of manganese, and that manganiferous iron retains more 
hydrogen than ordinary cast-iron. A. J. Allmand and A. N. Campbell found that 
electrodeposited manganese contained 12*6 c.c. of hydrogen, at m.p. 0, per gram, 
or 89 c.c. of hydrogen per c.c. of metal. The manganese suffers no perceptible 
change when the occluded gas is withdrawn ; the metal is as brittle as before. 
R. Lorenz and F. Heusler observed no evidence of the formation of a manganese 
hydride when the metal is heated in hydrogen. G. F. Hiittig discussed this subject. 

G. Hagg studied the mol, vol. 

According to H. Davy, 2 when manganese is heated strongly in oxygen, it bums 
with great brilliancy, throwing of! brilliant sparks ; and A. N. Campbell added 
that owing to the volatility of the manganese, the oxide which is formed cannot be 
weighed. According to G. Tammann and N. I. Nikitin, the powder is not pyrophoric 
if over 50 per cent, manganous oxide is present, even if the metal is reduced at a 
low temp. The observation of G. C. Stone that permanganic anhydride can be 
formed by the combustion of manganese in air has not been confirmed. 
J. Bachmann found that when manganese is heated in air, it rapidly forms the 
tritetroxide, without incandescence. H. Davy said that manganese is immediately 
tarnished in air, becoming grey, brown, and at last black. Ordinary, impure man- 
ganese obtained by the carbon reduction process was found by J. J. Berzelius 
to be readily oxidized at room temp. N. G. Sefstrom observed that if 6 to 7 
per cent, of silicon is present, the regulus can be heated to redness without oxidation, 
and it also resists attack by aqua regia. J. J . Berzelius imagined that the presence 
of silicon is not a sufficient explanation of the phenomenon, because platinum 
alloyed with silicon is attacked by aqua regia ; he said that the difference is due to 
the existence of the metal in two allotropic forms : a-manganese which is active 
chemically, and jS-manganese, inactive. This hypothesis has not been confirmed. 

H. Moissan found that the manganese formed by distilling mercury from the amal- 
gam below 360° is pyrophoric ; but A. Guntz and J. Ferde showed that the metal 
obtained by heating the amalgam at a red-heat is non -pyrophoric. H. Moissan 
found that the metal obtained by the electric arc furnace process behaves very much 
like iron in air. H. Goldschmidt observed that the metal obtained by the alumino- 
thermite process can be kept indefinitely in air without oxidation. M. L. V. Gayler 
also found that the 99*99 per cent, manganese, obtained by distillation in vacuo, does 
not tarnish in air. On the other hand, R. Bunsen found that the metal he obtained 
by electrodeposition oxidizeB m moist air as rapidly as potassium. The impure 
forms of manganese also decompose water at ordinary temp, with the evolution of 
hydrogen ; this was noticed by J. F. John, J. Bachmann, R. Bunsen, J. E. Loughlin, 
and H. St. C. Deville. J. Bachmann said that the hydrogen evolved has a foBtid 
odour — indicating impurities in the metal. H. V. Regnault said that finely-divided 
manganese kept under water at ordinary temp, slowly liberates hydrogen, but if 
heat be applied, even below 100°, the evolution of gas is rapid, and a yellowish-brown 
powder is formed which becomes dark brown on exposure to air. H. Moissan also 
observed that pyTophoric manganese decomposes water slowly in the cold, and 
rapidly at 100° ; and similar results were obtained by 0. Prebnger. 0. Brunner 
found that the metal contaminated with silicon is only attacked by water very 
slowly, a film of oxide being formed after some days' contact. A. N. Campbell 
observed that with powdered, electrolytic manganese in contact with water no 
gas was evolved over-night and the metal remained dead-black, but a freshly cut 
surface exposed to moist air soon tarnished by a phenomenon analogous to rusting ; 
the same manganese is slowly attacked by boiling water, forming bubbles of gas 
and a brown hydrated oxide. If the metal be heated in a current of steam, at 
the temp, of a bunsen flame, tiny bubbles of gas are formed, but the action 
is very Blow. L. J . Thlnard found that hydf Ogen dioxide is vigorously decomposed 
by manganese. 

According to H. Moissan, massive manganese is attacked by fluorine only 
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superficially at ordinary tamp., but the powdered metal furnishes a mixture of di- 
and trifluorides and the rise of temp, is so great that the platinum boat containing 
the metal was melted. H. Davy found that heated manganese takes fire in chlorine 
and bums brilliantly. A. N. Campbell observed that the metal ignites in chlorine 
at a red-heat, forming a light brown, highly crystalline powder, probably manganous 
chloride, but combustion appears to be incomplete. Observations were also made 
by H. Moissan, and J. B. Berthemot. C. J. Lowig found that when powdered 
manganese is heated in bromine, manganous bromide is formed ; while A. N. Camp- 
bell observed that boiling bromine does not attack the metal, but bromine-water 
was found by J. B. Berthemot to form manganous bromide. W. Engelhardt said 
that colloidal manganese does not react with iodine, and R. Hansliqn found that 
boiling or freezing iodine has no perceptible action on manganese. J. F. John, 
and C. Brunner observed that manganese readily dissolves in dil. hydrochloric add, 
with the evolution of hydrogen ; A. N. Campbell obtained a similar result with the 
electro-deposited metal. 

K. Jellinek and J. Zakowsky, and W. Guertler discussed the affinity of manganese 
for sulphur. According to 0. Prelinger, sulphur unites directly with manganese at 
a high enough temp., but at the temp, employed by A. N. Campbell no action occurs 
when manganese is heated with an excess of sulphur ; and, according to E. Beutel and 
A. Kutzelnigg, surface films arc produced by heating the metal in contact with the 
sulphides of copper, silver, mercury, and lead. 0. Bauer and H. Arndt found that 
manganese is not attacked by sulphur or plastilin. E. H. Harvey found that man- 
ganese is attacked by sulphur monochloride at room temp. ; H. E. Patten observed 
no attack, and similarly also with thionyl chloride. A. Guntz observed that pyro- 
phoric manganese burns with a brilliant flame when heated in sulphur dioxide : 
3Mn+S0 2 — MnS-f2MnO+82-4 Cals. — no sulphite or sulphate is produced. 
P. Schiitzenberger found that manganese reduces acid sodium sulphite to hypo- 
sulphite. V. Brunner, and J. F. John observed that cone, sulphuric acid acts on 
manganese very slowly ; and 0. Prelinger found that with non-pyrophoric man- 
ganese, the action of the cone, acid is very slow, but with warm cone, acid, sulphur 
dioxide is evolved ; A. N. Campbell found that the reaction corresponds with the 
equation: Mn+2H 2 S0 4 --Mn80 4 + 2H 2 0+S0 2 . R, H. Adie observed that gas is 
evolved with cone, sulphuric acid and manganese at 120° to 155°, and no hydrogen 
sulphide is formed. Dil. Bulphuric acid was observed by J. F. John to dissolve 
manganese rapidly ; and, added A. N. Campbell, the reaction virtually ceases with 
a dilution of O-OOfiiV-^SO*. J. Bachmann found that when the hydrogen produced 
by the action of dil. sulphuric acid on manganese is exploded with an excess of 
oxygen, a white, greasy substance is formed with the disagreeable odour of the gas — 
possibly silica derived from impurities in the metal. E. Beutel and A. Kutzelnigg 
found that manganese in a boiling soln, of sodium thiosulphate and lead acetate 
acquires a sequence of colours from yellow to steel-blue, presumably owing to a 
film of sulphide. M. G. Levi and co-workers found that manganese dissolves in 
soln. of ammonium and potassium persulphate, forming violet soln. 

W. 0. Heraeus observed that when mangane.se prepared by the alumino-thermite 
process is heated at 1210° to 1220° in a current of nitrogen, it burns, forming white 
fumes of nitride; and 8. Hilpert and co-workers, A. P. Lidoff, 1. Zschukoff, G. Valensi, 
L. Duparc and co-workers, R. Ochsenfield, and A. N. Campbell obtained a nitride in a 
similar manner. 0. Meyer observed that manganese is but slightly attacked by 
titanium nitride at 1400°. G. Gore found that manganese is insoluble in liquid 
a mmonia . 0. Prelinger, and L. Santi found that manganese is attacked by a soln. 
of ammonium chloride : Mn+4NH 4 Cl-MnCl 2 ,2NH 4 Cl+2NH 3 +H 2 . N. Pfanner 
studied the action of manganese on soln. of hydroxyl&mine salts — vide infra,' 
complex salts of manganous chloride and sulphate. J. J. Sudborough observed that 
manganese is only slightly attacked when heated for some days in nitrosyl chloride. 
When manganese is healed in nitric oxide, at a temp, below the decomposition 
point of the gas, E. Muller and H. Barck found that the metal acts on nitric oxide 
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at 300°, and that there is a 68 per cent, decomposition at 400°, and complete decom- 
position at 600° ; some nitride is formed at 400°. F, Emich found that it yields a 
product similar to that obtained by heating it in oxygen. According to A. Guntz, 
pyrophoric manganese at a gentle heat burns in a current of nitrogen peroxide, 
forming manganese monoxide, dioxide, and nitride. C. Brunner showed that cone, 
nitric add reacts with powdered manganese with incandescence and a feeble 
explosion ; while dil. nitric acid dissolves the metal, as was also observed by 
O. Prelinger, and E. Glatzel. H. Moiasan said that pyrophoric manganese is made 
incandescent by drops of cone, nitric acid. According to C. Montemartini, when 
manganese dissolves in nitric acid, ammonia is formed, as well as nitrogen and 
nitrous oxide, and so much hydrogen that the evolved gas will not explode until 
oxygen has been added. A. N. Campbell found that with nitric acid of different 
concentrations the percentage composition of the gas was as follows : 
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C. C. Palit and N. R. Dhar found that the reaction of manganese with 13 and 26 
per cent, nitric acid is rapid with or without nitrous acid. B. Pelletier, and 
H. Moissan observed that manganese reacts directly with phosphorus when a mixture 
of the two is heated, foiming manganese phosphide (q.v.), H. Moissan observed 
that pyrophoric manganese burns when heated in a current of the vapour of phos- 
phorus pentachloride. E. Wedekind obtained an arsenide by heating manganese 
with arsenic ; and vtith antimony an antimonide is formed. O. Prclmger, and 
A. N. Campbell found that manganese reduces arsenic from a warm soil), of an 
anenic salt ; antimony is likewise separated from a warm soln. of an antimony 
salt ; and bismuth from a warm soln. of a bismuth salt. H. E. Patten observed 
that manganese is blackened by arsenic trichloride ; but is not acted upon by 
antimony pentacbloride. 

As noted by J. F. John, manganese readily unites with carbon, forming a carbide 
(q.v.) ; and O. Ruff and co-workers found that the solubility of carbon in manganese 
increases slowly up to 7*12 per cent, as the temp, rises from 1360° to 1525°, the b.p. 
of the soln. at 30 mm. press. K. Kido studied this subject — vide the carbide. 
0. Meyer observed that manganese is attacked by carbides - silicon, chromium, and 
molybdenum- -at 1600°. A. Westgren and G. Phragmen said that carbon dissolves 
in manganese the same way as in iron, not by replacing atoms of the metal in the 
space-lattice, but by lying between them. J. Paunescu observed that when man- 
ganese is heated in methiuie, manganese carbide is formed. E. W. Kanning and 
0. W. Brown studied the catalytic decomposition of heated kerosene by manganese. 
A. P. Lidoff observed that cyanogen is readily occluded by manganese. R. Lorenz 
and F. Heusler, and A. Guntz observed no formation of manganese carbonyl when 
the metal or carbide is heated in carbon monoxide. W. Heller found that manganese 
begins to react with carbon monoxide at 330°, and at 350° the reaction is fast, and 
very fast at 410°. He also made some preliminary observations on the equilibrium 
conditions. J. Backmann found that n on-pyrophoric manganese bums readily in 
carbon monoxide at a red-heat ; and A. Guntz represented the reaction with pyro- 
phoric manganese : Mn-f CO=MnO-f 0+33-3 Cals. L. Troost and P. Hautefeuille 
found that carbon monoxide is less soluble than hydrogen in the different varieties of 
cast-iron, and that its solubility is diminished or even annulled by the presence of 
manganese. According' to R. Lorenz and F. Heusler, carbon dioxide reacts with 
strongly heated manganese, forming manganese monoxide and carbon monoxide ; 
A. Guntz represented the reaction : 2Mn+C0 2 ~ 2MnO+C-f-46-3 Cals. E. Muller 
and II. Barck found that a mixture of carbon dioxide and hydrogen passed over 
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manganese at 800° furnished some manganese carbide and manganous oxide. 
According to T. Bergman, water holding carbon dioxide in Boln. dissolves manganese. 
H. E. Patten found that manganese is attacked by ethyl chloride, and by chloro- 
form, but not by carbon tetrachloride. O. Warburg examined the effect of hydro- 
cyanic acid on the catalytic activity of manganese in the oxidation of cysteine. 
According to A. Gautier and L. Hallopeau, when manganese is heated to 1400° in a 
current of carbon disulphide, a black layer of manganese sulphide and carbide is 
formed. C. Brunner, and 0. Prelinger observed that the metal iB dissolved by acetic 
add with the evolution of hydrogen. L. Gay and co-workers found that when dry 
bromine is added to finely-divided manganese suspended in ether, and the 
mixture warmed on a water-bath, a complex bromide, MnBr z .(C 2 H 5 ) 20 l is formed ; 
and bTomine attacks bensenc at 90°, but if manganese is present the attack begins 
at 75°. L. L. Steele studied the action of manganese compounds on the drying of 
linseed oil. 0. Schmidt, and A. Eorczynsky discussed its use as a catalyst in the 
hydrogenation of organic substances. 0. Fromageot discussed manganese salts as 
catalysts for organic oxidations. H. Moisaan found that manganese forms a boride 
when it is heated with boron ; and A. Guntz showed that when heated with boron 
trichloride, manganese chloride and boride are formed. H. Moissan observed that 
manganese unites directly with silicon at a high temp, to form a silicide (q. v.). 
R. E. Nyswander and B. E. Cohn studied the thermoluminescence of zinc borate 
glass activated with manganese. M. Levin and G. Tammann said that manganese 
destroys porcelain at a high temp. II. E Patten observed no action with stannic 
chloride. 

The action of manganese on the metals is discussed below. 0. Prelinger found 
that soln. of many metal salts are reduced to the metal when warmed with man- 
ganese — e.g. copper, zinc, cadmium, tin, lead, chromium, iron, cobalt, and nickel 
salts ; A. N. Campbell found that manganese readily displaced tin, lead, copper, 
iron, nickel, cobalt, cadmium, and zinc from soln. of their salts. H. Schild observed 
the reduction of iron salts ; and N. W. Fischer observed that salts of only silver and 
gold were reduced to the metal by manganese. H. D. Royce and L. Kahlenberg 
found that manganese will replace from their salt soln. zinc and other metals which 
have more positive electrode potentials. With soln. containing 50 grms. of salt 
per litre, at 25°, manganese rapidly replaces the metal in soln. of zinc sulphate and 
chloride, cadmium sulphate, ferric chloride, cobalt chloride, nickel chloride, lead 
acetate, silver acetate, and copper sulphate ; and at 50° it slowly replaces the metal in 
lead nitrate, copper nitrate, and diver nitrate. 0. Prelinger found that manganese 
gives hydrogen when it is heated with a soln. of sodium hydroxide ; but A. N. Camp- 
bell observed no perceptible action when manganese is boiled with a cone. soln. of 
Boda-lye or potash-lye. H. Moissan found that manganese reacts with molten 
calcium oxide, forming manganous oxide, but much manganese is at the same time 
volatilized. For the action of manganese on ferrous oxide, vide ferrous oxide. 
C. H. Herty and 0. S. True, and G. Rdhl studied the reversible reaction with fenoas 
sulphide ; FeS+Mn^Mn8+Fe. 

Some reactions of analytical interest — There are compounds of manganese 
in which that element is bi-, ter-, quadri-, sexi-, or septi-valent. The compounds of 
bivalent manganese are conddered here. The others are discussed later. The 
manganous salt soln. give no precipitate with hydrochloric arid ; and soln. acidified 
even with weak acids like formic, acetic, or succinic acid give no precipitate with 
hydrogen sulphide, and neutral Boln. are incompletely precipitated, if at all, by that 
reagent. According to H. W. F. Wackenroder, 8 if ammonia be present, flesh- 
coloured hydrated manganese sulphide is precipitated ; and a similar precipitate 
is obtained with ^tnmw inm or alkali sulphide. The precipitate is insoluble in an 
excess of the alkali Bulphide, but is soluble in cone, acetic acid. The Boln. turns 
brown on exposure to air. The precipitate is black if a trace of iron be present. 
A soln. of al kali hydroxide gives a white precipitate of manganous hydroxide, which 
gradually becomes brown in air owing to the formation of manganese manganite, 



ISO INORGANIC AND THEORETICAL CHSIOBTRY 

or hydrated manganese dioxide, MnO(OH) 2 . The oxidation is also effected by 
chlorine, bromine, hypochlorites, hydrogen dioxide, etc. F. Jackson estimated that 
1 part in 128,000 can be detected by soda-lye. With aq. itimni** half the man- 
ganese is precipitated as white hydroxide and half forms a complex salt; 
2 MnCl£+ 2 NH 40 H=Mn( 0 H) 2 +(NH 4 ) 2 MnCl 4 , and if sufficient ammonium chloride 
is present, hydroxide is precipitated, since all the manganese remains in solo, as com- 
plex chloride. The ammoniacal soln. absorbs oxygen from the air, forming a preci- 
pitate of the hydrated dioxide, MnO(OH) 2 . F. Jackson estimated that 1 part in 
64,000 can be recognized by the aq. ammonia test. White manganous carbonate is 
precipitated by alkali carbonates, and when boiled for a long time with water, the 
precipitate passes into hydrated manganese dioxide ; ammonium carbonate, even 
in the presence of ammonium salts, precipitates the white carbonate ; but calcium 
carbonate, according to J. N. von Fuchs, gives no precipitate in hot or cold soln. ; 
H. Dem&ngay said that the three alkaline earth carbonates, and magnesium car- 
bonate give no precipitate in cold soln., but precipitation is complete with boiling 
soln. ; and J. W. Dobereiner added that magnesium carbonate precipitates the 
manganese completely in boiling soln. — magnesia acts similarly but more quickly. 
E. Bauch made some observations on this subject. Normal manganous phosphate 
is precipitated by sodium phosphate, and it is soluble in mineral and acetic acids. 
If ammonia be added to the boiling acid soln. of the precipitate, pink scales of 
ammonium manganous phosphate are precipitated. With sodium arsenate a 
white precipitate of manganous arsenate is deposited. With potassium cyanide a 
brownish precipitate is first formed ; it then dissolves to produce a brown soln. 
When the soln. is warmed, or allowed to stand for some time, a green precipitate 
of KMnCy a is formed, and this dissolves in more potassium cyanide to form a yellow 
soln. of K^MnCyQ. If the dil. soln. be boiled it is decomposed, and manganous 
hydroxide is precipitated, but ammonium sulphide gives no precipitate if a large 
proportion of potassium cyanide is present. The dil. soln., however, deposits 
manganese sulphide when boiled. With potannm ferrocyanide, C. H. Pfaff said 
that a white precipitate, soluble in hydrochloric acid, is formed even with 1 part 
of salt in 6000 parts of water. F. J. Otto found that the precipitate is not soluble 
in an excess of ferrocyanide, ammonium chloride, or other salts ; with potassium 
fenricyinide a brownish-yellow precipitate, insoluble in hydrochloric acid, is 
produced. According to P. Berthier, potassium sulphite — not ammonium sulphite 
— gives a precipitate of manganous sulphite when boiled. No precipitation occurs 
with potassium chromate. D. Vit&li found that dil. sulphuric acid and potassium 
bfUmate give a gradually increasing reddish-violet colour, due to the formation of 
permanganate — chlorates and iodates do not give the reaction. When boiled with 
potMrium chlorate in nitric acid, hydrated manganese dioxide is formed. A deep 
red precipitate is produced with potassium periodate. Cone., not dil., soln. of 
manganous chloride give a precipitate with oxalic add ; the precipitate is not soluble 
in an excess of the acid, but it is soluble in hydrochloric or sulphuric acid ; alkali 
ffTlh*fg give a precipitate in cone, or dil. soln., but not in the presence of ammonium 
chloride or a large excess of the alkali oxalate. According to G. Denigfes, 5 c.c. of the 
manganese sat. soln. is treated with a few drops of sodium hydroxide soln., and shaken 
until a brown coloration is obtained ; sat. oxalic acid soln. is then added drop by 
drop. The brown coloration disappears and is replaced by the red coloration 
characteristic of manganese salts. The reaction was also studied by H. Caron and 
D. Raquet. No precipitate is formed with alkali suooinate or beilBoate, or with 
tincture of Kalb. According to J. Volhard, if a soln. containing traces of manganese 
be boiled with lead dioxide and cone, nitric acid, diluted with water, and allowed 
to Bettle, the supernatant liquid has a violet-red colour, due to the formation of per- 
manganate. The presence of chlorides hinders the formation of the permanganate. 
The reaction was studied by H. Baubigny ; H. Marshall used ammonium peisulphflie 
in the presence of silver nitrate as oxidizing agent ; and by its means 0-001 mgrm. 
of manganese per c.c. can be detected. According to A. Trillat, a soln. of tetra- 
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in acetic acid gives a deep blue colour with lead 
and manganese dioxides. This reaction is extremely delicate and may be used for 
the detection of these metals. The reagent is prepared by boiling 90 grins, of 
dimethylaniline with 10 grms. of formaldehyde and 200 c.c. of water. After 
oooling, the liquid is made alkaline with sodium hydroxide and a current of steam 
is blown through until the excess of dimethylaniline is expelled. On cooling, 
crystals separate, which should be recrystallized from alcohol. Five grams of the 
base are dissolved in 100 c.c. of water and 10 c.c. of acetic acid ; the soln. must 
be placed in a well-stoppered bottle and preserved in the dark. 

The physiological action of manganese. — Manganese compounds appear to 
play an important part in many biochemical changes. The subject waB discussed 
by G. C. Grnelin.* G. B Davis and W. B. Huey reported two cases of chronic 
manganese poisoning with men working an electric furnace melting ferromanganese. 

F. Wohlwill observed that the salts cause capillary hyperemia of the alimentary 
canal. H. Micheels and F. tic Heen found that colloidal soln. of manganese have a 
more stimulating action on germinating seeds than similar soln. of tin. G. Salomon e 
found that while a certain quantity of manganese has a beneficial influence on the 
development of the plant as a whole, large quantities are toxic. The toxic effect 
oi manganic salts is greater than that of manganous salts, and is dependent on the 
amount of dissociation, so that it is naturally greater for the salts of the more highly 
ionized mineral acids than for those of the organic acids ; in other respects the 
poisonous effect is but slightly influenced by the nature of the anion. The very 
marked poisonous properties of barium manganate and permanganate are attributed 
to the combined influence of the barium and the manganese. Manganic acid is more 
poisonous in the free state than in combination. Small quantities of manganous 
iodide exert a favourable influence on the germination of cabbage or carrot seeds. 
Of the manganese salts tried, manganous sulphate and nitrate and manganese 
dioxide were found to exert the moBt beneficial action on the growth of com. As 
indicated in connection with the occurrence of manganese, G Bertrand and co- 
workers assumed that manganese is an essential, not an accidental constituent of 
plants ; it is of vital importance in the extraction of oxygen from the air whenever 
this is necessary for producing the various chemical changes required for the vital 
activity of the plant. G. Bertrand found that the latex of theiftu* succedanea is 
first white, and on exposure to air it becomes brown, and then black. The latex 
contains laccase, laccol, and water. The laccol forms an emulsion with the soln. 
of laccase in water. The laccase contains the manganese and acts as a carrier of 
oxygen to the laccol Laccol is not present in all plants, but its place is taken by 
analogous substances— e.g. tannin, boletol, etc. 

Experiments showing that the presence of small proportions of manganese salts 
in soils favoured the growth of plants, whereas larger proportions may be injurious, 
were cited by T. Pfeiffer and co-workers, J. J. Skinner and M. X. Sullivan, 
J. Stoklasa, P. Leidreiter (sugar beets, mangolds, potatoes, oats, and beans), K. Aso 
(radishes, barley, wheat, and peas), O. Lo$w and S. Honda (Cryptomena japonica), 
O. Loew and S. Sawa (barley, rice, peas, and cabbage), P. Pichard, J. Schroeder, 
E. Ramann, H. Birner and B. Lucanus, P. Wagner, I. Giglioli, N. Ono, H. Molisch, 
A. Gregoire and co-workers (potatoes and sugar-beet), Y. Fukutome (flax), 
J. A. Voelcker (wheat and barley), T. Katayama (barley), M. Nagaoka (rice), 
W. van Dam, W. F. Sutherst (maize), J. S. McHargue, and E. P. Deatrick (wheat), 

O. Montemartini, R. Ricci and G. Barbara, A. Bartmann, and G. Masoni, 

G. i lppolito (wheat, maize, and lucerne), F. A. Sannino and A. Tosatti (vines), 
L. Hiltner and G. Korff (oats), I. Namba (onions), M. de Molinari and 0. Ligot 
(oats and barley), A. Carlier (grass, potatoes, and mangolds), 0. Schreiner and 

P . R. Dawson (wheat, rye, corn, and potatoes). G. Leoncini observed the favour- 
able effects of manganese dioxide in soils on nitrification. G. Spamp&ni, and 
L. Bemardini attributed the beneficial effect of manganese to the production of 
soluble calcium and magnesium compounds from insoluble forms, so that it is an 
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indirect calcium-magnesium manure. H. von Feilitzen found that wit’. oats 
10 kgrms. of manganese sulphate per hectare had no effeot ; and S. Rhodin found 
that with oats one kgrm. of manganese peroxide per acre reduced the yield, and 
6 kgrmB. per hectare also reduced the yield with potatoes. J. A. Voelcker obtained 
nugatory results with wheat ; F. Weis, and P. Ehrenberg and 0. Nolte observed 
no change in the ash of plants ; and H. Yageler observed no stimulation with oats, 
lupins, and beans. P. Nottin discussed the absorptive power of soils for manganese 
salts. P. E. Brown and G. A. Minges found that manganese chloride applied at 
the rate of more than 2000 lbs. per acre retarded both ammonification ana nitrifi- 
cation. The applications of 100 and 200 lbs. increased ammonification slightly and 
nitrification distinctly. Manganese sulphate increased both ammonification and 
nitrification when applied at the rate of 100 lbs. per acre, whilst a larger amount 
(2000 lbs.) has a depressing effect. Manganese oxide applied at the rate of 2000 lbs., 
or more, per acre retards both ammonification and nitrification. W. T. McGcorge 
observed no effect with manganese on the growth of sugar-cane. According to 
N. L. Sohngen, the formation in the soils of higher oxides of manganese from 
manganous salts is promoted by a high concentration of hydroxyl ions, and the 
reduction of these oxides by the presence of peroxides, peroxydases, and oxydases. 
The presence of dextrose in the soil leads to the formation of hydroxy-acids capable 
of decomposing the higher oxides of manganese. C. Montemartini found that 
0*001 per cent, of manganese sulphate stimulated the respiration of vine plants, 
garden beans, and potato plants. J. S. McHargue also considers manganese is a 
necessary constituent performing an important function in the synthesis of chloro- 
phyll. Similar ideas were held by A. Villiers, A. Livache, etc. E. Houtermans 
could not confirm C. Acqua’s statement that the roots of plants in contact with 
manganese nitrate secrete manganese in certain places in which the nitrogen is 
assimilated. F. Plate showed that with Tnticum sativum and Hyacinthus onentahs 
grown in soln. containing one of the following salts, manganese chloride, manganese 
bromide, manganese nitrate, and manganese sulphate, anion and cation, are 
absorbed m the same proportion as that in which they exist in the soln ; the anion 
chiefly reaches the shoot, whilst the cation is found especially in the root Accord- 
ing to A. Rippel, the addition of soluble manganese salts to the cultures in which 
oats seedlings were growing produced a chlorosis which was remedied by the 
addition of iron. Since the iron content of the chlorotic and normal seedlings was 
the same, it is concluded that -manganese does not prevent the uptake of iron by 
the plant, but inhibits its action after absorption. H. Coupin found a 1 : 1000 soln. 
of manganous chloride is toxic to wheat. M. 0. Johnson observed that manganese 
sulphate and dioxide caused the chlorosis of pine-apples. 

O. Loew and S. Sawa observed no decided stimulating action of manganese on 
yeast and aspergillus. E. Kayser and H. Marchand found that when manganese sul- 
phate is added to fruit musts which are to be fermented with yeast, there is an increase 
in the amount of alcohol, glycerol, and acids formed, but the initiation of fermenta- 
tion occurs later the greater the amount of manganese sulphate added. Manganese 
lactate and acetate produce practically the Bame effect as the sulphate when added 
in equivalent quantity, but the phosphate and succinate lead to the production of 
less alcohol and more glycerol. With manganese nitrate fermentation sets in 
rapidly, and the amount of sugar consumed is about the same as when manganese 
sulphate is added. The addition of potassium nitrate to the must leads to a smaller 
consumption of sugar than when yeast is used alone. G. Bertrand and M. Javillier, 
and H. I. Waterman found that manganese sulphate favoured the development 
of Aspergillus niger\ indeed, G. Bertrand found that one part of manganese in 
10,000,000,000 parts of an artificial culture medium had an appreciable effect in 
increasing the yield. M. Rosenblatt and A. J. March found that manganese salts 
sometimes stimulate alcoholic fermentation and sometimes inhibit the reaction — 
dependent on the origin of the yeast. The inhibitory action is independent of the 
medium or the form in which the manganese is added (sulphate or nitrate), but the 



MANGANESE 


193 


different results with different types of yeast indicate that the sensitivity of the 
enzymes produced by the yeast changes with the origin of the yeast and with the 
composition of the medium. Increasing the concentration of sugar protects the 
enzymes against the manganese, and thus exerts a weakening effect on both the 
manganese activation and inhibition of the fermentation reaction. D. Olaru 
observed that one part of manganese in 200, OCX) parts of medium is favourable to 
the fixation of nitrogen by the bacteria of hgurnimsas. The addition of a minute 
amount of manganese was found by G. Bertrand, and A. Bach to increase the 
activity of the enzyme lacoase, and colloidal manganese dioxide was found by 
B. Sjollema to act like an oxydase towards guaiacum tincture, and hydroquinone. 
The processes appear to be regulated by colloidal enzymes. E. J. Witzemann has 
suggested that the effect of manganese on enzymic activity is due to the effect of 
the colloidal hydrated dioxide on the physical character of the enzyme, so that if 
the colloidal dioxide keeps the colloidal enzyme under conditions normally 
unfavourable to this effect, a positive influence on enzymic activity would be pro- 
duced. J. B. Garner and W. E. King observed that permanganate sola, is 
antiseptic, and rJyN-soln. is germicidal towards Bacillus typhosus. 

The occurrence of manganese in animals has been previously discussed. 
G. M. Piccinini 5 found that the addition of manganese to the ordinary diet causes 
an increase in the iron-content of the liver and spleen, and the absorption of 
iron appears to be regulated by the manganese available in the body. Colloidal 
manganese augments in vitro the available oxygen of blood, and maintains this 
increase for some time. It seems also to have the same action in vivo. Colloidal 
manganese retards the death of guinea pigs injected with the minimum lethal dose 
of diphtheritic toxin. A. Trillut found that the action of a manganous salt in 
alkaline soln. as a carrier of oxygen is largely increased by the addition of a small 
proportion of protend matter e.q. white of egg. The stimulating action is attributed 
to its tendency to prevent the precipitation of the manganese di xide, which is thus 
maintained in a colloidal state, and is consequently more chemically active. Beyond 
a certain limit, an increase in the amount of albumin does not accelerate the 
oxidation; the maximum effect is produced when one part of albumin is added to 
l(XX) parts of the mixture, and the addition of mercuric chloride, arsenic acid, 
prussic acid, formaldehyde, etc., lias a paralysing effect similar to that observed in 
the case of a soln. not containing albumin. Other proteids, such as horse-scrum, 
and colloids, such as gelatin, dextrin, and gum arubic, have given very variable 
results. G. Cohn showed that the presence of manganese interferes with artificial 
digestion by means of pepsin. C. Richet and co-workers found that the same 
daily dose of manganese citrate lias a slightly harmful effect and the same dose 
every fourth day a slightly beneficial effect on dogs, J. 8. Mcllargue found that a 
diet containing manganese improved the growth of rats. He found that manganese 
occurs in largest proportions in plant and animal tissues showing the greatest 
vitamin potency, and he suggested that there is a relationship between manganese 
and these vital factors. G. Bertrand and F. Medigreceau found that with repeated 
subcutaneous injections of minute doses of manganese sulphate in four rabbits 
there was a marked loss in weight, and three injections of 5 mg. of manganese per 
kilo, of body-weight, at intervals of twenty-four hours, caused the death of the 
rabbit. When the manganese is subcutaneously injected, it is rapidly diffused 
throughout the body, and all the tissues, including the nervous tissue, become 
temporarily impregnated. It is readily eliminated through the liver, bile, and 
mucus of the alimentary canal, and a small quantity is excreted in the urine. 
F. Medigreceau fouud that the amount of manganese in transplanted mouse and 
rat tumours is small (0-004 to 0012 mgrm. per 100 grins, of fresh material), which is 
about the same &s in the normal mammary gland of the mouse. No difference iii 
mV I uan ff M1 CBe of sarcoma and carcinoma was discoverable. According to 
U K, Keiman and A. S. Minot, the prolonged administration of manganese to dogs 
tailed to produce any significant changes in manganese content of blood or tissues, 
vol. xix. o 
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or to cause any pathological symptoms. According to H. Handovsky and co- 
workers, acute manganese poisoning occurs only when the cone, of manganese in the 
blood suddenly becomes very high, and is accompanied with nervous disturbances. 
In chrome poisoning this high (one. is not reached, nervous symptoms are not 
observed, the liver is chiefly attacked, and death occurs usually with smaller 
amounts than in acute poisoning, the lethal doses being 40 mgnns. per kgrm. In 
the chronic condition manganese citrate is more rapidly absorbed and more 
poisonous than the chloride. About 50 per cent, of the manganese injected is 
excreted in the faeces, but only traces appear in the urine. Considerable amounts 
of manganese are found in bone, bile, pus, and ascitic fluid. In the organs most 
manganese is deposited in the spleen and brain, a variable quantity in the liver, 
and only a little in the lungs. Manganese is> found in muscle only after injection 
of the chloride, and not of complex organic salts of m&ngaucsc. Fatty degeneration 
of the liver, heart, and kidney sometimes occurs. The subject was discussed by 
J. Cahn, F. Bergamo, E. Harnack and F. Scbreiber, R. F. Gayle, D. Vitali, 
J. R. Charles, W. F. von Oettingen and T. Soil inarm, etc J. S. McHargue, and 
G. Bertrand and H. Nakamura found that mangauese stimulates the growth of 
rodents. E F. Hopkins found that manganese is essential foi the growth of 
Vorella. The optimum concentration is approximately 1 m 5xl0 fi , at higher 
concentrations, say 1 in 5X10 4 , there is a toxic eflect. 

J. W. II Harrison and F C Garrett found that melanism is induced m the 
Lepufopleia by manganese feeding, but H. M. Fox and H Kaniage did not find 
manganese to be particularly associated with melanin. The spectrum of the 
ink sac of Sepia showed no manganese ; whilst that element is present to the extent 
of 0-008 per cent of the dry weight of the black body wall of the Anon, but there 
is even more in the colourless, common genital duct 

Some OSes of manganese.— It has been estimated that 90 to 95 per cent, of the 
world s consumption of manganese is used in the manufacture of steel — manganese 
itteeh — not only to deoxidize and recarbunze the molten metal so as to make 
cleaner and sounder ingots, but also to impart stiongth, haidneas, and other 
qualities to the finished product. The manganese is introduced in the form of 
special alloys with a percentage latio of Mil, Fe, Si, and V respectively as follows : 
ft rro manganese, 50 to 80, 40 to 8, 0-5 to 1-5, and 5 to 7 ; spicgckisen , 10 to 35, 85 to 
60, about 1-0, and 4 to 5 ; situ o manganese, 55 to 70, 20 to 5, about 25, and 0-35 ; 
and sihcospieytl , 20 to 50, 67 to 13, 4 to 10, and 1-5 to 3*5 . 0 There is an alloy called 
manganese bronze , which is a kind of brass to which has l>een added a small pro- 
portion, say 0*05 per cent., of manganese, along with small proportions of iron, 
aluminium, tin, and lead for strengthening the alloy, and making it denser and 
closer grained than the average ^ellOw-biass ca.-ting. The composition approxi- 
mates 57-0 to 59-0 per cent. Cu ; 38-0 to 40-0 Zn ; 0-25 to ] -0 Fe, Mn, Al, and Sn ; 
and 0-10 to 0*50 Pb, 7 The object is to produce a metal suitable for marine con- 
struction and mining machinery and wherevei corrosion is a serious difficulty. 
There is alno a series of magnetic alloys obtained by alloying manganese with 
aluminium, tin, arsenic, antimony, bismuth, and boron. They are sometimes 
called H easier s alloys.* 

Some of the mangamferous earths — e g . wad— are used as pigments. Manganese 
dioxide was formerly used in the manufacture of chlorine, but the process was 
largely displaced by electrolytic methods. Manganese dioxide is employed in 
making up the dry cell, when the dioxide serves to depolarize the hydrogen. 
Manganese oxide is used in bleaching glass— vide supra , the history of manganese— 
or in colouring glass,* It is also used to impart purple tints to glasses bwI pottery 
glazes, to produce blown glazes, and “ rockmgham ” glazes on red bodies; and 
for tmting brick days. Manganese dioxide and various manganese salts — sul 
puale, borate, rewnate, Jinoleatc, and oxalate- -arc added as driers to linseed 
and other oils to make them capable of absorbing oxygen from the air during the 
so-called drying of the oil. Manganese chloride is used in dyeing ; manganese 
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sulphate, in calico printing, etc. ; manganese persulphate is used as an oxidation 
agent in making organic products ; and manganates or permanganates arc used for 
preserving wood, for bleaching textile fibres, and for disinfet ting 10 and oxidizing 
purposes. 11 

ReFKRENI ES. 

1 W. Guertler, Alkali Erz, 22. 1 99, 1925 ; L. Trooet and P. Hautcfeuillc, Ann Chim. Phys. , 
(6), 7. 155, 1876 ; R. Lorenz and F. Heualer, Zett. anorg . Chew., 8. 225, 1893 ; A. J. Alltnand and 
A. N. Campbell, Trans. Faraday Soc., 20. 379, 1924 ; F. Fischer and F. Schrotor, Her., 43. 1442, 
1454, 1910 ; G. Hagg, Zeit. phys. Chum., 12. B, 33, 1931 ; G. F. Huttig, ZeU. angtw . Chem 39. 
07, 1920. 

1 G. Kohl, Carnegie Mem. Iran Steel Ind., 4. 02, 1912 ; J. Bachrnann, Chemischc Abhandlungcn 
Uber das Many an , Wien, 1829 ; Zett. Phys. Math., ( 1), 0. 172, 1829 ; (2), 1. 202, 1832 ; Schun tygi r's 
Jou m., 56- 74, 1829 ; H. V. RegnauLt, Ann . Chim. Phys., (2), 02. 350, 1830 ; W. Guertler, iUctall 
Erz, 22. 199, 1925; O. Prelinger, Munatsh ., 14. 353, 1893; F. Emich, 1 5., 15. 375, 1K94; 
C. Brunner, Pugg. Ann., 101 264,1857; 108.139.1657; lhngUr's Journ., 144. 184, 1857 ; 146. 
44, 1857 ; 147. 122, 1858 , Mitt. Saturf. Gee. Bern , 72, 135, 1857 ; J. F. John, Gthlm's Journ ., 
3. 452, 1807 ; 4. 430, 1807 ; Ann. Phil., 2. 172, 203, 1 813 ; 3. 413, 1813 ; H. Davy, Elements 
of Chemical Philosophy , London, 1812; A. N. Campbell, Journ. Chem. Soc., 123. 2323, 1923; 
J. J. Sudboiough, ih., 59. 73, 1891 ; N. G. Sefstrom, Jernkontords Ann., 13. 324, 1829 , Journ . 
tech . okon. Chem., 10. 184. 1831 ; J. J. Berzelius, Schweiggrr's Journ., 7. 70, 1813 ; Ann. Chim. 
Phys., (2), 5. J 49, 1817 ; B. Pelletier, t6., (1), 1. 100, 1789 ; (1), 13. 120, 1792 ; (1), 14. 1 13, 1792 ; 
H. St. C. Dovdle, ib., (3), 40. 182, 1850 ; J. B. Berthomot, ib., (2), 44. 392, 1830 ; L. Troaht anil 
P. Hautcfeuillc, i b., (5), 7. 155, 1876 ; R. Biiii^ri, ib. t (3), 41. 355, 1851; Pogy. Ann., 91, 610, 
J854; N. W. Fisiher, *6., 10 128, 1829; H. JVloiHsnn, .Inn ('him. Phys., (5), 21. 231, 1880; 
Compt. Rued., 130. 022, 1!HH» ; 134 130, 1902 ; Ball. Hoc. ( 'him , (3), 27. 604, 1902 , N. B. Pilling 
and R. E. Bcdworth, Journ . Inst. Mctah , 29. 529, 1923 , Metal hid., 22. 300, 1923; Chem. 
2'rade Journ. ,12 317, 1923 ; A. Guntzaml J. Keren, Bull. Bor. ('him., (3), 15. 132, 1896 ; A. Guutz, 
i6.,(3), 7. 275, 1892 , ('ompt. Rend., 114. 115, 1892 ; G. Valcnsi, i b., 187. 376, 1928 ; Journ. Chim. 
Phys., 26. 152, 1929 ; L, Ihiparr, P. Wenger and C. Cimernian, II die hr a Chim. At ta, 12. 800, 
1929 , II. Guldsclumdt, Zed. Ehklrochem 4. 494, 1898 ; E. Beutel and A. Kut/elmgg, ib , 36. 
523, 1930; W . C. Hcraeus, ib., 8. 185, 1902 , K. Wedekind, ib.. 11. 850, 1900; K. Wedekind 
and T, Wit, Jit r . , 41. 3709, 1908, M. L. V. Gayler, Journ. Iron Steel Inst., 115. i, 393, 
1927 ; R. K. Nyn wander and B. K Cohn, Journ. Amer. Opt. Soc., 20. 131, 1 930 ; J. E. JajugliJm, 
Amer. Chemibt, 1. 454, 1871 : ('hem. Reus, 25. 139, 1872; C. J. Ldwig, Das Jirom und sunt i 
chtmischtri 1 trhaltnisst , Heidelberg, 1829; Mug. P harm. ,23. 11, 1828 ; 33.6, *831 ; Pogq Ann., 
14 185, 1828 ; G. C Stone, Jtrum. Amer. Chem Sue., IB. 230, 1896 ; P. SSehutzonborgci, ('ompt. 
Bind., 69. 106, 1869 t A. Gautier and L. Hallupeau, it>., 108. BO0, LH89 ; A. P. Lidnff, Journ. 
Rum. Phys. Chem. Soc., 35. 1238, 1903 ; C. Fromageot, Journ. Chim . Phys., 24. 023, 1927 ; 
G. Tarn m ann and N. I. Nikitin, Journ. Buss. Phys. Chem. Soc ., 56. 115, 1925 ; K. Urreiu anil 
F. Ueuslcr, Zut. anorg. Chem., 3. 225, 1893 ; M. Lo\m and (J. Tammann, 1 6 ., 47. 130, 1905; 
O. Ruff and W. Borman n, ib., 88. 305, 1914; t>. Ruff, W. Boiunann und F. Kcjljg, Velar des 
Vtrha/tfn von Kohlenxtojf gtgen Mangun, Mtckel, Etsen, und Kobalt, Berlin, 1918 ; O. Ruff, lier., 
46. 3139, 1912 ; 0. Meyer, Order die Darstellung und die Eigenschaften von Kurbtd- und A 'itrid* 
fieydn einem lledruy vber die Reallumcn ion Kurbiden und (Jraphit mil M etalloryden, Aachen, 
1929 ; E. Muller and H Barck, Zeit. anorg . Chem., 129. 321, 1923 ; K. Jellinok and .1, Zakowaky, 
ib., 142. 1, 1924 ; J. Zakowsky, Veter die AJfimtdt der Metalie zum Srhwefd, Danzig, 1925; 
C. Monlemartmi, (lazz. Chim . ttal., 22. i, 426, 1892 ; M. G. Levi, K. Migliorun and G. Krcohni, 
ib., 38. i, 598, 1908 ; H. SchUd, Berg. Hull. Ztg., 47. 251, 1888 ; K. Glatzel, Ber., 22. 2857, 1889 ; 
Eng. Min. Journ,, 49. 452, 1890 ; G. Gore, Proc. Roy . Soc., 21. Z40, 1873 ; L. Banti, Boll. Chim. 
Farm., 43. 073, 1904 ; A. Westgren and G. Phragm^n, Zeit, Physik , S3. 777, 1925; S. HdfKJrt 
and J. Paunracu, Ber., 46. 3479, 1913 ; S. Hilpcrt and T. Dieokraann, ib., 47. 780, 1914 , 
0. Bauer and H. Arndt, Zeit. Metallkunde, 18. 85, 1920 ; R. B. Adio. Proc. Chem. Soc., 15. 133, 
18t»9 ; Chem. Reu's, 79. 201, 1899 ; T. Bergman, De acido a creo, Cpsala, 1774 ; H. D. Royee and 
L. Kohlenberg, Trans. Amer. Elektrochem. Soc., 50. 137, 1926 ; I. Zschukoff, Ana. Inst. Anal. 
Phys. Chim., 3, 14, 1926 ; L. Gay, F. Duoelliez and A. Raynaud, Compt. Rend., 158. 570, 1804, 
1914 ; Bull. Soc. Chim., (4), 15. 273, 1914 ; A. Knrczynaky, it., (4), 29. 283, 1921 ; C. II. Herfcy 
wild 0. S. True, Blast Furnace and Steel Plant, 13. 492, 1926 ; H. Banalian, M dekudargewichts- 
bfshmmvngtn in gefrierendem und siedendern Iod , Woida i. Th., 1010; J. Pauneacu, Other die 
K ohlenstojfaufnahme des Mangans in Mttlhan, Berlin, 1913 ; N. Planner, Ueber die JSinwtrkung 
t on metaUischem Mangan auf Hydrorylaminsalze, Erlangen, 1912 ; O. Schmidt, Zeit. phys. Chem., 
118. 193, 1925 ; W. Heller, Bedrage zut Theorie des Rismhochtfenprozesses , Marburg, 33, 1905 ; 
L. J. Thenard, Traiti de chimie, Paris, 2. 09, 1824; K. Kido, iSrienre Rep. Tohoku Unu\, 9. 
305, 1920 ; W. Engolhanlt, Roll. Zeit., 45. 42, 1028 ; C. C. Paid aud N. R. Dhar, Journ. Phys. 
Chem,, 30. 1125, 1920 ; H. E, Patten, ib., 7. 153, 1003 ; E. H. Harvey, Chem. Met. Engg 85. 
084, 1028 ; E. W. Kooning and (). W. Brown, Journ. Phys. Cham., 36. 2089, 1031 ; O, Warburg, 
Biochem. Zeit., 233. 245, 1031 ; L. L. Steolo, Journ. Ind. Eng. Chem., 10. 957, 1924 ; R. Ochneii- 
field, Ann. Physik, (5), 12. 363, 1932. 

* H» W. F. Wackenroder, Braudes' Arch., 16. 114, 1825; J. W. DobereLner, Schweigger's 



196 


INORGANIC AND THEORETICAL CHEMISTRY 


Journ., 68. 4G& 1831 ; J. N. von Fuchs, tb., 62. 102, 1831 ; H, Demaryay, Liebig's Ann., 11. 
240, 1834 ; F. J. Otto, ib., 42. 348, 1842 ; J. Volhard, tb., 198. 318, 1870 ; 0. M. Plaff, Handbuch 
der analytischen Chemie, Altona, 2. 4(H), 1821 ; O. Denigbs, Ann. Chim. Anal., 2. 215, 1020 ; 
H. Caron and 1) . Raquet, ib., 1. 174, 205, 1019 ; P. Bcrthier, Ann. Chun. Phys., (3), 7. 74, 1843 ; 
H. Baubigny, Compt. Rend,, 185. 005, 110, 1002 ; 186. 440, 1602, 1!R)3 ; A. TriUat, ib., 186. 1205, 
1003 ; H. Marshall, Chem. News, 83. 70, 1001 ; 1). Vitah, Poll. Chim. Farm., 37. 545, 1808 ; 

F. Jackson, Journ. Amer , Chtm. Soc 25. 002, 1003 ; E Bauch, Analyse der Salzsoalcn von 
Coburg ncbsl Beitrdgen tar analytischen Chemie, Gottingen, 1860. 

4 G. B. Davis and W. B. Huey, Journ. lnd. Hyg 3. 231, 1021 ; Y. Khrcnberg and O. Nolle, 
Landw. Vers. Stat., 90. 130, 1017 ; H. Birner And B. Lucaiiub, ib., 8. 128, 1866 ; P. Wagner, 
ib., 13. 60, 218, 1871 ; T. Pfeiffer, W. Simmcrmaeher and A. Rippel, Fu filing's Landw. Zeit , 17. 
313, 1018 ; T. Pfeiffer and E. Blanck, Landw. Vers. Flat., TI. 33, 1012 ; 88. 257, 1013 ; H. Vapoler, 
tb., 88. 150, 1016; H. Mirheels and P. de Heen, Bull. Arad. Belg„ 288, 1906; J. J. Skinner 
and M. X. Sullivan, Bull. U.S. Dep. Agric., 42, 1013 ; G. Leoncini, 1 b„ 47. 77, 1915; G. Salo- 
mone, Staz. Sperim. Agrar. Hal., 38. 1015, 1006 ; 40. 07, 1007; h. Bern urdini, ib., 43. 217, 
1010; C. Montomartim, ib., 41. 564, 1911; G. Maaoni, ib., 44. 85, 1011 ; 48. 822, 1015; 

G. d’Jppolito, ib., 67. 621, 1014; G. Sjvamp&ni, ib., 10. 5, 1890; B. Him ancl G. Barbero, 
i b„ 48. 677, 1015 ; J. Stoklasa, Biochem. Ztd. f 91. 137, 1918; Compt. Rend., 152. 1340, 1011 ; 
A. Livachc, ib., 124. 1520, 1897; 1\ iVhanl, tb., 126. 550, 1808. K. Kayser and H. Mar- 
t-hand, ib., 144. 674, 714, 1007; 145. 343, 1907 ; P. Nottm, ib., 155. 1167, 1012; 171. 44, 
1020; G. Bertrand and A. ViUiers, ib., 122. 1134, 1896; 124. 1032, 1355, 1897 ; A. Villiei>, 
ib., 124. 1349, 1897; G. Bertrand and M. Rosenblatt, ib. t 173. 333, 1I1H, 1921; 174. 401, 
1922; (l. Bertrand, ib.. 124. 1032, 1355, 1897, 141. 1255, 1905; 154. 616, 1012; Ann Chim. 
Phys., (7). 12. 115, 1807; Rrv. 0U. Chun.. 8. 205, 1905; Bull. Soc. Chun.. (3), 17 619. 753, 
1807 ; (4), 11. 404, 1912 ; G. Bertrand and M. Javillier, ib , (4), 11. 212, 1912 ; Compl. Rind , 
152. 225, 000, 1911 , H. i. Wateimunn, Journ. Chtm. Srjc., 104. 229, 1913; J S. MeHargne 
Journ. Ague. Research, 23. 395, 1923 ; 24. 781, 1923; 27. 417, 1924; 30. 193, 1925; Journ. 
Amer. Chem. Soc.. 36. 2532, 1914 , 44. 1592. 1922 ; Journ. lnd. Any. C hem 11. 332, 1919 ; 18. 
172, 1926 ; P. Leidmter, Sludien uber das Verhalten de * Mangavs in Boden zu nnigir landwirl - 
schajtlichin Kulturpflanzen, Hied. Zentr . 40. 531. 1011 , A. Hartmann, Journ. Agric. Prat.. (2), 
20. 666, 1911 ; K. Asu, Bull. Agrit. ('oil Umv Tokyo, 4. 254, 1901 , 5. 177, 1902 ; M Nagaoka, 
ib., 7. 77, 1908; I. Numba, %b„ 7. 635, 1908 ; Y. Fukutome, ib., 6. 136, 1904 ; T. Katayama. 
ib., 7. 91, 1008; O. Loew and S. Honda, ib., 6. 126, 1904 ; O. Loew and S. Savva, i b., 5. 161, 
1002; N. Ono, Journ. Coll. Science Uruv. Tokyo, 13. 141, 1900 ; J. Sehrocder, Fvrsttkt tnisch 
und pflanzenphysiologische Vntirsuchuvgen, Dresden, 1878; K. Ramann, Hot. Centr. Btifaftf, 
8. 23, 1898; Zeit. Forst. Jagdivesm. 30. 105, 1898; I. Gigholj, Lultum dd Frumento Portia, 
159, 1001 ; F. Plate, Atti Accad. Limn, (5), 23. i, 839, J914 , F. A. Sunmno and A. Tosatti, ib., 
(5), 22. it, 237, 1913 ; H. Molisch, Verb. (its. dmt. Naturf. Atrztc, 66. it, 171, 1894 , Hot. Cnitr 
60. iv, 167, 1894; Sitzber. Akad. Wien, 103. 554, 1891 ; A. Gregoire, J. Hendrirk and E. Corpmux, 
Bull. Inst. Chem. Bart. Ctmbloux, 75, J908; J. A. Voelcker, Journ. Roy. Agric. Sot . . 06. 20b, 
1905 ; 74. 411, 1913 ; W. van Dam, Chtm. II tekbl., 4. 301, 1907 ; W. F. Kutherst, Transvaal 
Agric. Journ , 6. 437, 1008 ; M. de Molinari and 0. Ligot, A un. Oe.mblout, 600. 1908 ; A. Carlicr, 
tb., 423, 1910 ; H. von Feilitzeu, Journ. Landw., 55. 289, 1 D07 ; F. Weis, Jjandbohojskole «1ais 
shrift, 239, 1019 ; E. P. Deatrick, Mem. Cornell Umv. Agric. Exp. Slat., 19. 371, 1919 ; V. K Brown 
and G. A. Minges, Soil Science, 2 67, 1916 ; A. lljppel, Biochem. Zeit., 140- 315, 1923 ; M Rosen 
blatt and A. J. Match, ib., 170. 344, 1926 ; M. O. Johnson, Bull. Baivau Ague. Exp. Stat., 52, 
1924 ; W. T. MoGeorge, ib., 40, 1926 ; D. Okm, Compt . Raul., 160. 280, 1915 ; E. Houtmuaiu*. 
Anz . Akad. Wien, 49. 246, 1912; L. Hiltner and G. Korff, Pratbl. PfianzentHiu Pfianzenschutz, 
15, 049, 1917 ; 0. Acqua, Atti Accad. Lutcu, (5), 19. i, 339, 1010 ; N. It. Huhngcn, Chem. Weekbl.. 
11. 240, 1914 ; B. Sjollema, tb., 6. 287, 1909; A. Bach, Her., 43. 364, 1910; G. M. Picumni, Prot . 
Internal. Congr. Appl. Chtm., 19. 263, 1912 ; Biochem. Terap. Sper., 2. 385, 191 1 ; E. J. Wifc/e- 
mann, Journ. Amer. Chem. Soc., 87. 1089, 1915 ; J. B. Garner and W. E. King, Amer . Churn. 
Journ., 35. 144, 1906; G. C. Gmebn, Schwetggcr's Journ., 43. 110, 1825; Edm. Journ. Med., 
3. 324, 1827 ; O. Schreiner and P. R. Dawson, Journ. lnd. Eng. Chun., 19. 4(H), 1927 ; S. Rhodin, 
Lundtbr. Akad. IJandl. Tuts Stockholm , 30, liH)8 ; H. Ooupin, Compt. Rrnd., 132. 645, 1901 ; 

F. Wohlwill, Arth. Exp. Path. Pharm 56. 403, 1907. 

6 D. Yitali, Boll. Chim. Farm., 43. 493, 1904 ; G. M. Piccmini, Arth. Farm. Sperim., to, 1010 ; 
Biochem. Terap . Sperim., 2, 1910 ; A. Tnllat, Compt. Rend., 137. 922, J903 ; 188. 04, 274, 1904 ; 
C. Richct, M, Gardner and M. Goodbody, 16., 181. J105, 1025 ; It. F. Gayle, Journ. Ama. Med , 
Aasot., 85. 2008, 1025 ; G. Cohn, Utber das Many an m physiologischer Jhnsicht nebsi Vet sue hen 
vbirden Einfluss i on Many an und Eiscn auf die Pepsmvtrdauuvjg, Berlin, 1002 ; J. S. Me 11 argue, 
Amer . Journ. Phytnol ., 72. 583, 1925; 77. 245, 1926; Journ. Agric. Research, 27. 417, 1924 ; 
30. 193, 1925 ; J. R. Charles, Brain, 50. 30, 1027 ; H. Handovsky, H. Schulz, and M. Stamm lor, 
Arch. Exp. PuJlh. Pharm., 110. 265, 1926 ; J. Cahn, tb., 18. 129, 1884 ; F. Bergamo, 11 Farmnnsta 
Jtahana , 12 345, 1888 ; E. Ha mack and F. Kchreibor, Arch. Exp. Path. Pharm., 46. 372, 1901 ; 

G. Bertrand and F. Mcdigreccau, Compl. Rend., 155. 1556, 1912 ; G. Bertrand and H. Nakamura, 
tb , 186 1480, 1928 ; F. Modigmeau, Pwc. Roy. Soc., 86. H, 174. 1013 ; J. W. H. Hamsun and 
F. C. Garrett, ib., 99. H, 241, 192b; 11. M. Fox and H. Ramage, Ntdnre, 126. 682, 1930; 
V. K. Kcirimn and A. S. Minot, Journ. Biol. Chem., 45. 133, 1020; W. F. a on Gottingen and 
T. SoJliuann, Journ. lnd. Hyg., 9. 48, 1927 ; E. F. Hopkins, Science, (2), 72. 609, 1030. 



MANGANESE 


197 


* E. Newton, Bull. Univ, Minnesota , 5, 1918 ; It. Oazaud, A tiers Sptciunx, 5. 271, 1030; 
Metals Alloys , 1. 678, 1030 ; K. Priwoznik, Oesterr. Zeit. Berg. Hiitt., 50. 582, 1011 ; V. M. Weld, 
Manganese, Washington, 6, 1020; G. M. l)yaon, Chem . Age , 14. 10, 1926; P. Bonds, South 
African Mtn. Kng . Jmim., 40. 339, 505, 1030. 

7 E. F. Sperry, Brass World, 1. 390, 1905 ; P. E. MeKlnnoy, Trans. Amer. Inst. Mtn. Eng., 
60. 374, 1019 ; A. R. von Schrcitter, SUzber. Akad. Wien, 68. 453, 1870. 

8 F. Housler, Zeit. angew. Chem., 17. 260, J904 ; E. Haupt, Naturw. Bund., 21. 69, 1006 ; 
J. G. Gray, Proc. Roy. Sac ., 77. 256, 1900 ; Isabollenhulte, German Pat., D.R.P. 144584, 1903. 

8 K. Fuwa, Jonm. Jajtan. Cer t Soc., 366, 1923 ; W. 1). Bancroft and R. L. Nugent, Journ. 
Pkys. Chem., 33, 481, 1029. 

H B. Cornly, Bnt. Pat . No. 10015, 1884. 

11 L. L. Steolo, Journ . Ind. Eng. Chem., 16. 957, 1924. 


§ 6. The Atomic Weight and Valency of Manganese 

W. Mancliot 1 and co-workers, and G. Grubo and W. Brause discussed complex 
salts of univalent manganese. In manganous salts the manganese behaves as a 
bivalent element; thus, when dissolved in bismuth trichloride or in urethane, 
manganous chloride has a mol. wt. corresponding with the formula MnCl 2 . 
Manganous sulphate is isomorphous with the analogous sulphates of zinc and 
magnesium ; and manganous carbonate is isomorphous with calcium and mag- 
nesium carbonates. Manganese is tervalent in the manganic salts ; thus in manganic 
utetylarclonate the \apour density and the mol. wt in benzene correspond with 
the formula Mn(( , r,H 7 0o)j ; and m the manganic alums the salts are isomorphous 
with those containing tor\alent aluminium J. Meyer and W. Schramm, and 
G. A. Barium discussed the tervalent manganese compounds Manganese is 
probably quadnvalmt in the salts 2KF.MnF 4 , SKCl.MnCl^ etc., of E. Weinlard 
and O Lauenstein, A. Ynkumich, R. .7 Meyer and II. Best, (I. Neumann, and 
A\. B, Holmes ami E. Y. Manuel, In the dioxide also the manganese may be 
qundfivalent, as advocated t y L. Marino, 0-=-Mn -(), or it may be bivalent : 



In the manganates, manganese is probably seswalvnt, since potassium ruanganato, 
KnMn() 4 , is isomorphous with the sulphate, lv. i S() 4 ; and the manganese is probably 
ifptivuhnl in the permanganates This is in agreement with the isomorphism of 
the peinianganale, KMn() 4l and the perchloiat<\ Kri() 4 . 

In seeking resemblances between the elements, the isomorphism rule can easily 
be pushed too far — qm nmiwm probat , nihil piobat. It has been said that although 
a great many facts can be cited in establishing a relation between isomorphism and 
the position of an element in the periodic table, yet facts show that there rnay be 
isomorphous compounds amongst quite different groups of elements in the periodic 
table Thus, it could be argued that iron belongs to the sulphur family because of 
the isomorphism between potassium ferrate and the corresponding sulphate. Lead 
is placed with carbon in spite of the absence of isomorphous compounds and of its 
isomorphism with the alkali family. The isomorphism of the sulphates and 
tellurates and of the sulphides and tellurides indicates that tellurium belongs to the 
sulphur family, although the isomorphism between K^Totl^, K 2 0sC1 6 , and K 2 Trt 1 l 0 
would make tellurium a member of the eighth group, and a similar agreement ap- 
plied to (\SnClfl and C's 2 Tpn fl and to potassium tellurium and potassium zirconium 
oxalates would make tellurium a member of the tin family. The isomorphism 
between KMn0 4 and KCIO4 favours placing manganese in the seventh group, but 
the isomorphism of K 2 Mn() 4 and of KJS0 4 would agree with manganese in the sul- 
phur group, and the analogies between manganese and tin tetrachlorides would 
put manganese and tin in the same family. Platinum would be grouped with tin 
and lead if we were guided by the isomorphism of the plum bates, stannates, and 
platmates. The establishing of a family likeness between elements because of the 
isomorphism of Borne of their compounds is unscientific and arbitrary. Isomorphism 
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seems to depend more on a similarity of chemical constitution than on family 
resemblances of the elements concerned. 

IX I. Mendel 6eff s arguments 8 for placing manganese in the seventh group of 
the periodic table were based mainly on the maximum heptavaloncy of the element, 
e.g. the apparent similarity of the chlorine and manganese dioxides and of the 
perchlorates and permonganates, although by the same argument it could be 
argued that vanadium has a place in that group because of the apparent similarity 
between the chlorates and vanadates. The arguments based on isomorphism are 
similarly open to question. F. R. von Bichowsky argued that it would be better 
to place manganese with the iron family in the eighth group, because (1) manganese 
is at the end of the Ti, V, Or row, the titanyl, vanadyl, and chromyl salts, and these 
salts Income more stable in that order ; consequently, stable manganyl salts might 
be anticipated, but this is not the case; (2) while the barium baits of titanic, 
vanadir, and chromic acid are all slightly soluble, barium permanganate is very 
soluble ; (3) titanium, vanadium, and chromium form per salts, hut manganese 
does not form a higher per salt than the permanganates; (4) the titanates, 
vanadates, and chromates are stable in alkaline soln. and unstable in acid soln. ; 
permanganates are more stable in acid soln. ; (5) the titanous, vanadous, and 
chromous salts are powerful reducing agents ; (6) the manganous halides are 
isomorphous with the ferrous halides, but not with the chromous halides ; (7) the 
hydrates of manganous chloride arc isomorphous with those of cobalt ; and the 
manganous salts and the corresponding salts of the iron family closely resemble 
one another, but not so with the manganous salts of the titanium, vanadium, 
and chromium group ; (8) there is a marked contrast with the sulphides : man- 
ganese sulphide belongs to the iron group rather than to the other group ; (9) similar 
remarks apply to the carbonates; likewise (10) the ferric, manganic, cobaltic, 
and nickelic salts are all oxidizing agents, but the corresponding salts of titanium, 
vanadium, and chromium are reducing agents; (11) the metal alloys also favour 
placing manganese with iron ; likewise also (12) the carbides and silicidcs ; and 
(13) the colours of salts with the different valencies of manganese favour the view 
that the normal valency of manganese is even, not odd. All this, of course, is 
purely circumstantial evidence, and it can be matched with arguments of a similar 
type for the opposition. The subject was discussed by M. M. Gerber. 

J. Dalton a estimated the atomic weight of manganese to )>e 40 when that of 
oxygen is 7. In 1813, from the observations of previous workers, J. J. Berzelius 
said that if appeared as if manganese forms a series of oxides with manganese and 

I, 2, 4, 6, and 8 at. proportions of oxygen ; and later he gave 711*57 for the at. wt. 
when that of oxygen is 100. This reduces to 113*85 if the at. wt. of oxygen be 16. 
In 1818, he represented the oxides Mn : O—l : 2, 1:4, and 3 : 8. The at. wt. was 
halved, and then the at. wt. was represented by 56*93; and later by 55. 

J. J. G. Mcinecke, in 1817, and T. Thomson, in 1822, represented the at. wt. by 
56 ; C. G. Bischof, in 1819, gave 2x56*93 ; L. Gmelin, and C. M. Despretz, in 
1826, gave 28, or \ of 56, for the eq. wt. ; L. J. Thdnard, m 1826, gave 57*02 ; 
P. T. Meissner, in 1834, 55*43 ; and 0. B. Kuhn, in 1837, gave 27*7 for the eq. wt. 
Observations were also made by J. F. John, G. Forchhammer, and H. Davy. A 
number approximating 55 fits in with Avogadro’s theory extended to soln. ; with 
the sp. ht. rule , with the isomorphism rule for compounds of bivalent Mn, Mg, Zn, 
Fe, Co, and Ni ; for compounds of tcrvalent Mn, Al, Ga, In, Tl, Ti, V, Cr, Fo, Co, 
and Rh ; for sexivalent Mn, 8, Be, Cr, Fe, and probably Mo and W ; and septa- 
valent Mn and Cl. The position assigned to manganese in the seventh group of the 
periodic tabic along with the halogens is not so good. The septavalency of man- 
ganese in Mn 2 0 7 and of chlorine in C1 2 0 7 is usually over-emphasized in attempting 
to justify the association of manganese with the halogens in the periodic table. 
It is much more closely related with the iron family of elements in the eighth group 
elements. The subject was discussed by E. H. Biichner, J. Parry, H. Reynolds, 
F. R. von Bichowsky, R. G. W. Norrish, G. Oddo, and H. Teudt. 



MANGANESE 


190 


The relation between the affinity and density of the elements was discussed by 
E. Donath and J. Mayrhofer ; between the affinity and decomposition temp, of the 
amines, by F. Ephraim, W. Biltz, and A. Werner, and they obtained the order 
Ni>Co>Fe>Mn> Cu>Cd.>Zn>Mg ; between the affinity and the heats of 
formation of various compounds, by II. Moissan, and M. Berthelot, and they 
obtained the order (V, Mn, Fe, Co, and Ni. 

In 1810, J. J, Berzelius oxidized manganese with nitric acid, and after con- 
verting the nitrate to oxide, obtained the at wt 56*7 from the assumed ratio 
2Mn : Mn 2 0:j. The number is a little too high ; presumably some Mn 3 0 4 was also 
present. If the data be calculated for the ratio Mn a : Mn 3 0 4l it gives 50*4. 
R Braudes, from the analysis of the chloride, MnCL.wI^O, obtained the at. wt, 57. 

J. A. Arfvedson’s data gave 55*9 for the ratio Mn ( % : 2AgCl ; and from the same 
ratio J. J. Berzelius obtained 54-86 ; E. Turner, 54*9 ; und G ?. Baxter and 
M A. Hines, 54-932. ,1. B. A Dumas obtained 51-92 from the ratio MnClg : 2Ag ; 
,1. Dewar and A. Scott, 54*85; and G. 1*. Baxter and M. A. Hines, 54*934. 
G. I*. Baxter and M. A. Hines also calculated 54-930 from the ratio MnBr 2 : 2AgBr. 
E. Turner calculated 56 0 from the ratio MnCO fJ : C0 2 ; E. R. Schneider, 54-03 
from the ratio MnC 2 0 4 : 2( , 0 2 ; and 54-08 from the ratio Mn 3 0 4 : H 2 0. E. Turner 
obtained 56*0 from the ratio Mn() : MnS0 4 ; J. J. Berzelius, 55-28, J. C. G. dc 
Mnrignac, 55*07, and J. M. Weeren, 55-01 . 0. von Hauer obtained 54-90 from 
the ratio MnS0 4 : MnS. and J. M. Weeren, 53*02. C von Hauer calculated 55*02 
from the ratio 3Mn() * Mn 3 0 4 , J. Dewar and A. Scott, 54-91 from the ratio 
AgMn0 4 : (AgbMnt)), and 51-938 from the ratio AgMn() 4 : KBr. Assuming that 
the al wts of silver me 107-880, 107*876, and 107*871, B Brauner (1913) computed 
51 932, 54-930, and 51-927 respe< lively for the best l e present at ive values of the 
at. wt of manganese. L. Meyer and K. Seubert (1883) computed 54*8 for H 
unity; and F. W. Clarke (1910) gave 31-917 foi the Dost representative value. 
The International Table loi 1927 gave 51-93. 

The atomic number of manganese IS 23. P. Vmassa discussed the molecular 
numbers of compounds of manganese. No isotopes of manganese have been 
observed. 4 The atomic disruption of the alum has not yet been observed by 
E. Rutherford and J. Chadwick, or by H. IVttersson and G. Kirsch. A. L. Foley 
made experiments on this subject The electronic structure, according to N. Bohr, 
is (2) for the K-hliell ; (4, 4) for the L shell ; (4, 4, 5) for the M-shell ; and (2) for 
the N-fthcll. The subject was discussed b\ 11 Collins, J. D. M. Smith, S. Meyer, 

K. N. Ghoah, 1). M. Bose, B. Cabrera, C G. Bedreag, A. Sommerfeld, P. D. Foote, 
R. Ladenburg, C. D. Niven, R. Samuel and E Markowicz, D. Avdalian, and by 
W. H. Rothery. 
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§ 7. The Alloys and Intermetallic Compounds of manganese 

R. von GersdorfP made copper-manganese alloys about 1H40. According to 

E. A, Lewis, tlie two metals can be readily alloyed m all projwrtions ; and be made 
the alloys by melting the mixed metals under a layer of borax ; S. F. Schemt- 
schuschny and co-workers melted the mixed metals under a layer of barium chloride ; 
and R. Salimon melted the mixture in nn atm. of hydrogen. S. Wologdinc melted 
the mixed metalH under a layer of eharroal in a crucible lined with magnesia. 

F. Gloger melted copper oxide with an excess of manganese silieide and found that 
the silicon reduced the cuprous oxide, forming eupromanganese free from silicon. 

G. A. Dick moiled a mixture of ferromanganese, copper, and silicon ; A. R. von 
Schrotter heated a mixture of copper hammer-slag, manganese dioxide, and carbon ; 
J. F. Allen heated a mixture of roppor oxide, manganese oxide, and carbon ; 
C. Schwarz and A. Weishut used an analogous process ; while F. von Kugelgen 
reduced a mixture of copper oxide and chloride and manganese oxide by calcium 
carbide under a layer of calcium chloride. Analyses of commercial alloys were 
made by H. Winter, E. W. L. Bicrmann, and E. Priwoznik. The uses of the alloys 
were discussed by M. Levitzky. A. Carnot, L. Archbutt, N. Parravano, E. A. Lewis, 
and 0 Hcusler. G. Sirovich and A. Cartocetj showed that copper can be cemented 
by ferromanganese or chromomanganese. (L Sirovich and A. Cartoceti dis- 
cussed the cementation of copper by chromomanganese with 30-4 per cent, of 
chromium and 63*8 per cent, of manganese. The chromium does not penetrate 
the copper, but it favours the penetration of manganese more than does the iron 
of ferromanganese. The segregation of alloys was discussed by G. Masing, 
0. Bauer and H. Arndt, and W. Dinkier. 

S. Wologdinc thought that there exists a compound copper trlnmatigawwide, 
CuMn 4 , but S. F. Schemtschuschny and co-workers, and R. Salimen Hhowed that 
the two elements form a continuous series of solid soln. E. A. Lewis thought that 
the series was broken bet ween 20 and 95 ]>er cent, of copper. S. F. Schemtschuschny 
and co-workers represented the f.p. curve by Fig. 14, which has been modified by 



m 

E. Persson to suit his observations on the X-radiograms of the alloys. The curve 
is continuous, with a minimum at 868° and .35*5 per cent, manganese. At com- 
positions 10 and 15 per cent, of manganese, the interval between the liquidus and 
solidus curves is a maximum, and the two curves coincide at the minimum. 
R, Sahmen confirmed these results, obtaining a minimum at 866° with 35 per cent, 
of manganese. E. C. Bain, and M. R. Andrews showed that the X-radiogramB of 
the alloys indicate that there is a wide difference in the lattices of the limiting 
metals, and that there is a region from 60 to 90 per cent, manganese where the 
lattices overlap. 

T. Tshiwara’s results are summarized in Fig. 15. The liquidus curve CEM' 
agrees with the observations of S. F. Schemtscliuschny and co-workers, and 
R. Sahmen, and the solidus agrees with the corresponding curve on R. Sail men’s 
diagram. T. Tshiwara found that alloys annealed at 830° containing less than 
20 per cent, of manganese were homogeneous, but those with more manganese were 
heterogeneous. This is in agreement with the horizontal line El), and the solidus 
DM', and the region for the solid sola, y, which is bounded also by the curve 
M'J, and the curve I)J . The eutectoid line is represented by FJK. The 




F*as. 14 and 15. — Freezing-Point Curves of the System : Cu-Mn. 


dotted curve cm represents the magnetic susceptibility of the alloys ; and cV, 
Rockwell's hardness. O. Bauer and H. Arndt discussed the segregation of 
the alloys. 

R. Sahmen said that the alloy with 5 per cent, manganese is brass-yellow ; with 
10 per cent, manganese, pale yellow ; and with 20 per cent, manganese, grey. 
H. Behrens added that the alloy with 10 per cent, manganese is reddish, and that 
with 30 per cent, manganese polishes tin- white. S. Wologdinc also said that alloys 
with 0 to 40 per cent, manganese have a more or less reddish tinge, gradually 
becoming greyish-white, A. Valenciennes, and E. F. Diirre also made some 
observations on the colour of these alloys. H. Behrens said that the microstructure, 
after etching with aq. ammonia, shows a fine, irregular net-work ; and S. Wologdinc 
added that heterogeneous dendrites of copper occur in alloys with up to 40 per cent, 
manganese, whilst alloys with 40 to 78 per cent, manganese have white, hard 
crystals in a dark matrix. R. A. Patterson found that in the formation of solid 
soln. by adding up to 30 per cent, to copper, the atoms of copper in the face-centred 
lattice are replaced by manganese atoms, with an increase in the side of the cube 
from 3-60 A. to 3-70 A. E. (J. Bain discussed the X-radiograms. For S. Sekito’s, 
E. Persson and E. Oehlman’s observations, vide supra , manganese. Z. Nishiyama 
also studied the subject. E. Persson’s observations on the parameter constants of 
the alloys are : 
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Mangaueeo 
a in Cu-phaso 
( a 


0 

10-9 

41-5 

77 

84-0 

90-2 

92-7 

90-4 at. ] 

3-007 

3-070 

3-730 

3-742 

— 

— 

— 

— A. 

— 

— 

— 

— - 

3-738 

3-763 

3-763 

3-771 A. 


— 

- 


3-713 

3-629 

3-617 

3-550 A. 




- 

0 903 

0-965 

0-061 

0-943 A. 

- 

— 

- 

- 

— 

6-304 

6-302 

0-212 A. 




8 006 

8-903 

8-917 

8-004 

— A 


a - — - — 6-304 0-302 0-212 A. 

a-Mn, a 3 006 8-903 8-917 8-004 — A 

The results for the copper and y-manganese phases are summarized in Fig. 16- 

A. L. Norbury gave for alloys with 2-40, 

Fill I L 1-^ 7-20, 15-37, and 31-08 per cent, of Mn,thc 

LJ&Zift B P- RT- 8* 796 » 8-564, 8-126, and 7-810 for 

^tTI the annealed metal, and for the first two 

-B -SaI- / 3 o samples after hammering, respectively 8*819 

| jg 0 7 /M and 8-574. E Miinker observed that alloys 

^ j. S i y ' J 0-19, 0-98, and 1-49 per cent. 

j.jpL-l-L 1_1 J J ll -2//.j manganese had the respective sp. gr. 

° * 9-(X)8, 8-905, 8-903, 8-860, and 8-820 at 4 J . 

„ lfl E. A. Lewis found the sp. gr. of the alloys 

Fig. 16.- -Lattice Parameters of the , , _ ro , i 1 n 

n — Dkaoui at 15-5 to be : 
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Mn 

Sp. gr. 


1 5 

8 935 8-757 


25 30 40 

7-782 7-746 7 324 


50 per cent. 
7 332 


The alloys with higher proportions of manganese contained too many air-blebs to 
justify a determination of the sp. gr. E Persson’s curve for the at. vol. of the alloys 
is shown in Fig. 16. Z. Nishiyama obtained the following results between 16° and 
18*3° for the sp. gr , and the elastic modulus, E kgrms per sq. cm.: 


Mn. . 
8p. gr. . 
A’y 10- 8 


10 

8 5127 
1-233 


15 

8-3183 

1-214 


25 per cent. 
8-0072 
1 190 


The hardness, in kgrms. per sq. mm., was found by 8. Wologdino to be : 


Mn 

Hardness 


93 0 pei cent. 
241 


The curve rises irregularly but gradually with increasing manganese up to about 
70 per cent , and it then rises rapidly up to 78 per cent. ; it subsequently falls up 
to 86-0 per cent, and thereafter rises again. 8. F. ScbemtschuHchny and W. Petra- 
schewitsch found that the hardness reaches a maximum with between 25 and 35 
at. per cent, of copper. Observations were also made by R Sahmen, L. Guillet, 
N. S. Kurnakoff and S. F. Schemtschuschny, H. Behrens, and A. Valenciennes. 
According to S. Wologdinc, alloys with up to 40 per cent manganese may be 
worked cold or hot ; E. F. Sperry said alloys with up to 30 per cent, manganese 
can be worked cold or hot ; but E. A. Lewis stated that they can be worked only 
when hot. L. Guillet found that alloys with up to 40 per cent, of manganese can 
be rolled L. Weiller added that alloys with 8 per cent, of manganese can be rolled, 
but with 12 to 15 per cent, the alloys are brittle. C. Heusler, A. Valenciennes, 
and J . F. Allen made observations on this subject. Z. Nishiyama’s results for the 
elastic constants are indicated above. According to 0. Heusler the tensile strength 
of the alloys varies from 26 to 41 kgrms. per sq. mm. ; the elastic limit is 15 to 20 
kgrms. per sq. mm. ; and the elongation 19 to 29 per cent. E. A. Lewis added 
that the tensile strength of copper can be increased 26 per cent, by the addition 
of manganese, whilst, the elongation gradually approaches zero as the proportion 
of manganese is increased to 32 per cent. Observations were also made by 
E. F. Sperry, A. K. Huntington, E. F. Law, F. W. Webb, A. Schulz, W. B. Parker, 
and E. le Blant. According to M. Rudeloff, Ihe effect of temp, on an alloy with 
5 to 6 per cent, of manganese is not very marked, being : 



MANGANESE 


SOS 


15“ 100“ 200“ 800° 400“ 

Tensile strength . 35-0 36*6 35-7 33*5 25*0 kgrms. per sq. mm. 

Elongation . 40*0 32*4 36*5 37*1 23*7 per cent. 

Contraction 72*7 00*2 62*4 51*9 — percent. 

A. Valenciennes found that alloys with 3 to 20 per cent, of manganese are as 

sonorous as bronze. A. Eucken and K. Dittrich discussed the thermal con* 
ductivity. A. W. Smith gave for the thermal conductivity k cals, per second per 
cm. cube at 59°, and the electrical conductivity in mhos x 10“ 4 at 23° : 

Cu . 100 90 80 70 60 40 20 per rent. 

Thermal . 0-918 0065 0041 0-032 0*031 0*027 0*025 

Electrical . 50*8 2*76 1-50 Ml 0*916 0*820 0*687 

K. Dittrich studied the Wiedemann and Franz’s conductivity law- -8. 21, 5 — for 
copper-manganese Alloys. K. Feussner and S Lindeck found that the electrical 
conductivity curve has a flat minimum with about 33 at. per cent, of manganese. 
The electrical resistance, R microhms per cm. cube, and the temp, coeff. of the 
alloys are : 

Mn . 3*5 4*4 6*25 7-8 12-3 24-95 30*0 per cent. 

ft 14*99 17*50 23*hl 28*43 43 0 81-2 107*3 

« . 0-0,222 0-0,185 0 0,75 0-0,26 — 0*0,5 0*0,18 

The resistance of alloys with 3*5 to 6-2f> per cent. Mn increases linearly with temp, 
and with a higher proportion of manganese attains a maximum at 40° 1o 60°. The 
conductivity of an alloy with 22 per rent, of manganese was found by E. F. Sperry 
to be 3*89 per cent, of that of hard-drawn copper. S. Kimuri and K. Sakamaki, 
and S. F. Schcintschuschny and co-workers discussed the electrical resistance of 
the alloys. S. F. Schemtschuschny and W. Petraschcwitsch represented the sp. 
resistance, R ohms, of alloys with : 


(’tipper . 

100 

95-5 

79-5 

57*5 

33-5 

10-1 

3 at. per cent 

ft \ 10“ i ^ * 
,U ) 100’ . 

1-81 

15 56 

59*15 

118*0 

135-8 

104- 1 

92 

2-32 

15*80 

59*15 

118*2 

139 l 

118*1 

1 14-5 


W. Cuertlor gave for the ratio of the resistance at 6° to that at 0° the results indicated 
in Fig. 17. For a 1 2*3 per cent, alloy, the temp, coeil. is positive above and negative 
below 40°. G. Tammann and E. Vadcrs ob- 
served no sharp limiting concentration for the / 006 \ j j 7 I j" f / 

action of reagents on the copper-manganese <t/ At [ > 

alloys, but the potential showed a sudden ' 00 l^L^i Ml - 

change at the concentration 0*5 mol Cu, and f D0 ^ l*//* J — 

the decomposition potential of the element ~uv\ $ — 

Cu | MnCl 2 |Mn n Cu 1 _ n is independent of the roos — j \ J- - — 

composition of the alloy when n<5; with ^ H /\ J 0 ^, 

w>5 it decreases with decreasing amount of „ J '°0? - u / 
copper to zero. M. G. Corson made alloys ^ 1/ ~~ 

resistant to inorganic acids by alloying copper 

with 35 to 55 per cent, manganese. O. Bauer h0QQ 

and H. Arndt found an alloy of 66*7 per 

cent, of copper is not attacked by sulphur at 0 .^ — - - 

400° even after 5 hrs., whereas copper alone — -- - - * 

loses 2 grms. per sq. dm. in the same time. 

Th. thermoelectric force wee found by * * * 

K. Feueener mtd S. Undue! to hev. . nm.ll ^ 
negative value againBt copper, and with alloys 

with 12*3, 24*95, and 30*0 per cent, manganese to be respectively —1*4, —2*4, 
and — 3*2 microvolts per degree. R. Sahmcn observed that none of the alloys is 
magnetizable at ordinary temp. S. Kimura and Z. Isawa, and A. L. Nor bury 
discussed the thermoelectric properties of solid soln. of copper and manganese. 
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K. Ihde found that the magnetic susceptibilities, x> °f A copper alloy with 30 per 
cent, manganese, and of powdered manganese with a field strength of H 
gauss, are : 

H 1000 2000 3000 4000 0000 5500 

v in-« J Mn ■ 101-5 AO-fl 84 0 79 1 74 6 73-6 

* * \ Mn-Cu . 325 370 359 349 339 336 

G. Eger studied the magnetic properties of the alloys, and H. Endo found the 
susceptibility of the alloys gave a maximum with 70 to 80 per cent, of copper 
corresponding with the minimum on the f.p. curve. 

Copper 0 20 50 60 70 80 90 100 per cent. 

*XlO-« . 10-60 13-45 18-96 24-90 34 38 38 18 21-34 0-084 

According to A. Valenciennes, an alloy with 15 per cent, of manganese remains 
unchanged when exposed to air, while E. A. Lewis found that alloys with 70 to 
80 per cent, of manganese disintegrate to powder in a few weeks, but not so with 
the 90 per cent, alloys. According to 8. F. Schcmtschuschny and co-workers, the 
peculiar smell emitted by 78 to 100 per cent, manganese, observed by S. Wologdine, 
occurs only when traces of carbide arc present in the metal. G. Tammann and 

H. Bredemeier discussed the oxide colour films. A. Carnot found that sca-water 
does not attack alloys with small proportions of manganese. 8. Wologdine found 
that iodine scarcely affects the CuMn 4 -alloy, but it blackens all the other alloyH. 
A. R. von Schiotter observed that an 18 per cent, alloy is easily dissolved by nitric 
acid, while it is but little attacked by boiling sulphuric acid, diluted with twice its 
vol. of water, by hydrochloric acid, or by mercury. R. Sahmen said that alloys 
with 0 to 35 per ctmi. manganese are attacked by nitric acid, but not by dil. 
sulphuric acid. E. Griffiths and F. H. Schofield studied the thermal and electrical 
conductivities of some alloys ; and A. W. Smith, the electrical conductivity. 
S. F. Schemtschuschny and co-workcrs found that the alloys are attacked by a 
mixture of ferric chloride and hydrochloric acid more easily the higher the pro- 
portion of contained manganese. C. S. Smith studied the copper-manganese- 
silicon alloys. 

E. Pannain 2 found that silver-manganese alloys arc formed with difficulty, but 
if a third metal— e.g. copper — is present, alloys arc more easily formed. The alloys 
were also prepared by P. Siebe. According to G. Hindrichs, silver and manganese 
form immiscible liquids with between 30 and 88 per cent, manganese. No solid 
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soln. are formed. On the other hand, G. Arrivant found evidence of the existence 
of silver hemimanganeside, MnAg 2 , and said that this compound forms a con- 
tinuous series of mixed crystals with silver (Fig, 18), and its limit of miscibility, in 
the liquid state, with manganese is about 30 per cent. Mn. This is borne out by 
the microstructure, and by the e.m.f, of such mixtures against a silver electrode. 
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If the alloys rich in manganese be treated with dil. acids, and the residue be rubbed 
up with 10 per cent, hydrochloric acid, the hemimanganeside is formed of sp. gr. 
8-81 at 0°. When pounded in an agate mortar, it splits into plates. It is stable 
in air, and reacts with acids like silver. Alloys with up to 20 per cent, of man- 
ganese appear homogeneous under the- microscope ; and after etching with nitric 
acid appear corroded like silver ; alloys with a higher proportion of manganese 
when treated similarly show dendritic crystallization. Alloys with more than 
35 per cent, of silver separate into two layers. Alloys with over 90 per cent, of 
manganese are very brittle. W. Schmidt, and M. Hansen and 6. Sachs measured 
the electrical conductivity of alloys of silver and manganese. The e.m.f. of a 
silver electrode, depolarized by manganese dioxide, in contact with 10 per cent, 
of a sol n. of manganese sulphate is : 

Mn . 0 2-5 6 0 20 15 20 40 60 80 100 per cent. 

Millivolts 16 00 150 250 540 400 610 635 630 

There is a drop in the conductivity of alloys with between 23 and 20 per cent, of 
manganese corresponding with the formation of the hemimanganeside (Fig. 20), 
and again from 20 to 0 per cent, of manganese as a solid soln. is formed. P. Siebe 
studied the action of chemical reagents on these alloys. F. Saeftel and Gr. Sachs 
studied some alloys rich in silver. G. Tummann and E. Vaders observed a limit 
for the action of chemical reagents on silver-manganese alloys when the mol. pro- 
portion of silver is 0-75. L. Jordan and co-workers studied the tarnish resistance 
of these alloys. M. Keinert studied the copper-silver-manganese alloys. 

The gold-manganese alloys were first investigated by W. C. Robcrts-Austcn, 3 
and F. Osmond. N. Parravano examined the thermal diagram and reported 
that manganese dissolves in the solid state in gold 
in proportions up to 105 per rent., and gold in 
manganese up to about 25 per cent. A sharp 
maximum occurs at gold manganeside, AuMn, 
this compound being capable of dissolving either 
gold or manganese in the solid state. A liquid 
miscibility gap occurs between 50 per cent, and 
57-5 per cent, of manganese, and certain complex 
transformations, the nature of which has not been 
determined, take place in the solid state. Man- 
ganese thus differs markedly in behaviour from 
iron, cobalt, and nickel, and gold from its homo- 
loguc, copper. The hardness curve exhibits a 
minimum in exact correspondence with the maxi- 
mum of the fusion curve. L. Hahn and S. Kyro- 
poulos obtained rather different results. They observed a temp, interval during the 
freezing of even the pure metals amounting to 5° for gold and 17° for manganese. 
The f.p. curve of the series has a maximum at 50 at. per cent., with minima at 
33 and 75 at. per cent, of gold respectively (Fig. 21). The crystals exhibit cores, 
but. form only a single solid soln. They do not become homogeneous on alloying 
for five hours at 700° or one hour at 1000°. The hardness falls with the addition 
of gold, reaching a minimum at the first minimum f.p. It then increases slightly 
up to the maximum on the f.p, curve and then falls regularly. Boiling the alloys 
with water leads to the formation of manganese dioxide. The same result occurs 
with 20 per cent, hydrochloric acid, so that chlorine is liberated and gold passes 
into soln., but is reprecipitated as long as manganese remains. G. Tammann and 
E. Vaders observed that in the action of chemical reagents there is a sharp limit 
with 1 0-50 mol of An. J. O. Linde studied the electrical resistance of the alloys. 

H. N. Warren 4 reported a calcium-manganese alloy to be formed by heating 
manganese oxide with calcium carbide, but H. Moissan obtained manganese trita- 
carbide in the electric furnace from manganese oxide and calcium carbide. Accord- 
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mg to A. Terreil, 5 a TrftfrPff^llin lHlllgllHfl alloy is formed when magnesium is 
heated with anhydrous manganese chloride. It is not so hard as the manganese- 
aluminium alloy. W. Schmidt found that manganese alloys with magnesium, up 
to about 4 per cent, of manganese forming intermetallic compounds. H. E, Bakken 
and V. Wood reported that the alloys are solid Boln. when at least 3-20 per cent, 
of manganese is present ; J. A. Gaun found that while some manganese is present 
as solid soln., most of it is in the elementary state as small bluish-grey particles 
scattered through the crystals of magnesium ; and G. W. Pearson showed that the 
Bolid soln. extend beyond 2-7 pcT cent, of manganese, and, in the higher ranges, that 
metal may show up as angular masses, and in the still higher ranges (35 to 100 per 
cent, manganese) it appears as irregular masses in a background of magnesium. 
E. Schmid and G. Siebel found that the solubility curve drops from 3*4 per cent, 
with the eutectic at 645° to zero at 200°. The lattice constants of alloys with 2*5 
per cent, of manganese were measured. 

E. A. Lewis prepared Borne zinc-manganese alloys. According to P. Siebc, 
alloys of zinc and manganese can be prepared containing only up to 50 per cent, of 
zinc (Fig. 22). Those containing 0 to 11 per cent, of manganese show an arrest 
at 416°, the eutectic point. The eutectic compound contains a very small, un- 
determined quantity of manganese, which lowers the m.p. of zinc 3 J . The mixed 




Fig. 22. — Freezing-Point Curve Fig. 23. - Portion of Equilibrium 

in (he System . Mn-Zn. Jiiagram of the System : Mn Zn. 

crystal constituent of the eutectic contains 11 per cent, of manganese, and a series 
of mixed crystals is formed containing up to 50 per cent of manganese. The 
alloys are brittle and increase in hardness as the manganese content increases. 
C. L. Arkermann gave 414° ^ith 0-4 to 0-5 per cent, tjianganose for the eutectic. 
N. Parravano and V. Perret reported that the thermal diagram .shows two com- 
pounds, manganese trizincide, MnZn 3 , and matujanese fu j pta zineide, MnZn 7 . He 
added that the alloys with 1 to 30 per cent. Mn are hard and brittle ; and those 
with 5 to 20 per cent, manganese arc porous. The work of C. L. Ackermann on 
this subject is summarized in Fig. 22 ; and observations were also made by 
P. Gieren. W. N. Pierce said that the eu+ectic MnZn 7 -J-Zn occurs with 0*9 per 
cent, manganese. The hcptazincide of N. Parravano and U. Perret is considered 
to be manganese hexazincide, MnZn 6 , and the temp, zone of its existence is shown 
in Fig 23 ; it melts at 620°. There is also formed manganese enneazincide, 
MnZn ft , melting at 560°. These two compounds are totally immiscible with each 
other in the solid state, but below about 290° alloys containing both compounds 
undergo some sort of transformation, possibly associated with a reaction between 
the two compounds or with their decomposition into MnZn 3 and zinc. Manganese 
increases the hardness of zinc considerably, the alloy with 5 per cent. Mn having a 
Bnuell number of 122 ; at the same time the tensile strength is appreciably 
increased, whereas the compression strength is much reduced. N. Parravano and 
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co-workers observed that with alloys with op to 23*3 per cent. Mn there are three 
phases : (i) a solid soln. of manganese in zinc, the if -phase, with a hexagonal lattice 
similar to that of zinc and having up to 0*98 per cent. Mn ; (il) an c -phase with a 
hexagonal lattice different from that of 
zinc, and corresponding with MnZn 7 — 

16 atoms per unit lattice ; and (iii) a 
y-phase having a body-centred lattice cor- 
responding with MnZn 3 — 48 atoms per unit 
lattice. C. L. Ackermann found Brinell’s 
hardness of alloys with 0, 0 50, 1*0, 2*2, 
and 5*0 per cent, of manganese to be, re- 
spectively, 53*5, 74*5, 88, 90-5, and 121. 

The results for the impact, with a load of 
4900 kgrms., falling from a height of 40 
cms., such that the specific impact energy 
is 111 cms. per kgrm. per c.c., are shown 
in Fig. 24 ; the compression results are 
shown by the dotted lines in Fig. 24. 

Small quantities of manganese improve the 
resistance of zinc to repeated impacts, but 
more than 3 per cent. Mn has the reverse 
effect. Alloys with up to 8*5 per cent. Mn have a negative potential against zinc 
in Af-zinc sulphate soln. ; those containing the compound MnZn 0 have a small 
positive potential and those containing MnZn 0 a much smaller positive potential 
under the same conditions, whereas the potential of MnZn 0 itself is equal to that 
of pure zinc. The electrode potentials, E volts at 20°, were : 
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Fig. 24. — Compression and Impact Tests 
of the Zinc -Manganese Alloys. 
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0. Heusler studied the ternary system, the copper-zmc-manganese alloys, with 
less than 50 per cent, manganese. On reference to the copper-zinc binary equi- 
librium diagram, there are phases with the a-, j8-, y-, 8-, and 77-solid soln. The 
ranges of composition of the phases are indicated in Fig. 25. O. Heusler also 
studied the effect of annealing at 340° ; and some isothermal melting-points are 




Fig. 25. — Phases in the Ternary Syatoni : Fig. 26. — The Ternary System : 

Cu-Zn~Mn. Cu-Zn-Mn. 


represented by the broken lines. O. Heusler observed that feebly diamagnetic 
brass becomes ferromagnetic when it is alloyed with manganese. The strongest 
ferromagnetism was exhibited by the alloy with 22 per cent. Cu, 22 per cent. Mn, 
and 56 per cent. Zn. The zone CudR^Cu, Fig. 26, includes ternary a-solid soln. 
rich in copper ; dMR^R 1 d ) a- and j9-solid soln. ; R^MeT z , ternary j8-solid soln. • 
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efUtTiTtf, ternary y-solid soln., and mixtures with /3-solid soln. ; fPJJ^tJ^F, 
ternary 8-solid soln. and mixtures with y- and c-solid soln. ; and T$U$PZni, 
ternary e- and 17-solid soln. with their mixtures. The a- and /8-solid soln. were 
studied by W. Rosenhain and F. C. A. 11. Lantsberry, and 0. Heualer. 

0. Tamniann and J. Hinnitbcr 0 found the solubility of manganese in mercury 
to be 2-5x10 " 4 per cent. N M Irvin and A. S. Russell gave 0-001 per 100 grms. 
of mercury. According to K. Bottger, when sodium amalgam is placed in a 
cone. soln. of manganese sulphate, hydrogen is evolved, and manganous oxide 
is formed, but under a cone. soln. of manganous chloride some amal- 

gam is formed. C. F. Schonbcin, W. B. Giles, J. Schumann, and H. Moissan 
also obtained the amalgam in an analogous manner. W. Ramsay, J. Schumann, 
H. Moissan, E. Kuh, A. N. Campbell, and O. Prelinger also prepared the amalgam 
by the electrolysis of soln. of manganous chloride with a mercury cathode. A. Guntz 
squeezed the product between leather and then between paper to pet rid of the 
excess of mercury. The amalgam iH silvery-white and more or less viscid. It 
can be obtained in needle-like crystals. U. Prelinger said that the excess of 
mercury is squeezed from the amalgam m Swedish leather, between two pieces of 
hard wood, under a press, of 2000 kgrms. per sq. cm. ; the peripheral portion of 
the pressed cake is broken off and the central portion broken up and again com- 
pressed. The operation is repeated until pieces punched from the centres of 
successive discs have the same composition. The residue has the composition of 
manganese hemipen lamercunde, Mn 2 Hg 5 , and a sp. gr. 12-823. This product lias a 
slate-grey colour, and assumes a metallic lustre when rubbed or cut. At ordinary 
temp, it oxidizes very slowly in the air. metallic mercury being eliminated. At 
100° to 110° it decomposes slowly into its elements. It decomposes water and 
acids at the ordinary temp. Manganese amalgam is electro-positive to manganese, 
so that heat is probably absorbed in its formation. A solution of the compound 
in mcrenry is not attacked by dry air, but is quickly oxidized by moist air to 
manganic oxide, Mn 2 0 3 , which forms a fine dust on the surface of the liquid. 
E. Kuh found that the ordinary amalgam is stable when confined in a vacuum 
desiccator over calcium chloride ; but in air it is the more stable the smaller the 
excess of mercury it contains. W. B. Giles added that the amalgam acquires a 
brown skin when exposed to air, forming, said J. Schumann, powdered manganese 
oxide and mercury. W. Ramsay found the mol. wt. of manganese to be 112*4 
when calculated from the lowering of the vap. press, of mercury by manganese. 
0. F. Schonbcin found that when the amalgam is shaken with air and acidulated 
water, some hydrogen dioxide is formed. The amalgam is slowly decomposed by 
water, and, according to AV. Ramsay, it is decomposed by alcohol. According to 
R. Bottger, water or dil. acids may form some hydrogen. 0. Prelinger found that 
when heated in hydrogen, mercury is vaporized, und manganese powder remains ; 
wilh nitrogen, manganese nitride is formed with incandescence. According to 
A. S. Russell and co-workers, the ortler zinc, cadmium, manganese, thallium, tin, 
lead, copper, chromium, iron, bismuth, cobalt, and nickel is the order of removal of 
these metals from their amalgams by an oxidizing agent ; and their positions m 
the potential series are Cr, Mn, Fe, Co, Ni 

C. and A. Tissier 7 reported that manganese oxide is not reduced in a dry way 
by aluminium, but something must have gone wrong, for reduction readily occurs 
in the aluimno-thcrmitc process. L. Guillct prepared the al nniininin- m ft n gamiflft 
alloys by this process, and C. Combes, by heating aluminium with manganese 
sulphide or chloride. A. J. Bradley and P. .Tones observed, by means of the 
X radiograms, seven different phases in the Mn-Al alloys : (i) A1 [ Al ? Mn ; (ii) Al 7 Mn 
and AljMn ; (ill) Al-jMn and a solid soln extending over 50 to over 59 per cent. Mn ; 
(iv) a phase with this solid soln. and a phase with the /3-form of manganese ; (v) a 
phase with the/3-forni of manganese, alone, and (vi) with the /j- and a-formx ; and 
(vii) a phase with a- manganese. 8. Daniels studied alloys with up to 9-6 per cent, of 
manganese. He observed that the tensile strength was raised from 5-25 tons per sq. 
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in for the alloy containing no manganese to 7 6 tons per sq. in with 1-02 per cent 
Mn> but the elongation (on 2 ins ) fell rapidly from 38-5 per cent to 22*6 per cent- 
and then to 2-6 per coni with no manganese, 1 02 per cent , and 2 88 per cent MU 
respectively The Bn cell hardness numbers gradually increased from 20 to 48 
with increasing manganese content B Ludwik found that Bnnell’s hardness of 
some binary aluminium alloys could be represented by H~=a+b log P V9 where a 
is a constant dependent on the nature of the other component ,6 is a constant ; 
P v the vol per cent of the compound of the added metal , and H is the depth the 
ball sinks expressed in fi K Both found that for aluminium manganese alloys, 
when the compound AljMn is present H r >68 200 log and 
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S Daniils found that the piesenci of manganese increased the shrinkage and 
promoted porosity when pit sent in appienable quantity The alloy containing 
1 b per cent of manganese mat hined like c ast iron probably owing to the presence of 
the hard and brittle compound MnAh The alloys were readily attacked by 
distilled watei during 30 days immersion but showed only a slight t orrosion after 
100 hrs in salt spray Heat treatment at *>80 for % hrs , followed by quenching 
in wattr and ageing at 140 for 2 hrs , did not materially alter other the physical 
or mechanic d properties or the corrodibility 

I) J Me Adam observed th it the simultaneous action of corrosion and fatigue — 
corrosion fatigue may c miso failure at stresses far below the ordinary endurance 
limit ndf the conosion of iron With an aluminium manganese alloy containing 
OS per cent of aluminium and 1 22 per r ent of manganese, the btatic mechanical 
tests were 
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The corrosion fatigue graphs ri present the stresses and the logarithms of the 
iinmbei of cycles foi bpecimens tested in air (fatigue curve), in a corroding fresh 
carbonate water, and m a corroding river salt water having about one third tho 



Tigs 27, 28, and 29 - The Fatigue and Corrosion Fatigue of Manganese Aluminium 

Alloys 

saline contents of sea water, and with cycles of 1450 revs per minute The result* 
shown in Pigs 27, 28, and 29 refer to the 1 22 per cent manganese alloy in the 
three st&teB just indicated -namely ,< hard, medium, and soft C. S, Taylor and 
«1 D Edwards studied the thermoelec trie force of the alloys. 
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S. Daniels also studied the metallography or mierostructure ; and Z, Nnhiyuna, 
and A. Westgren and W. Ekman, the X-radiograms of these alloys. 0. Hindrichs 
studied the f.p. of the Al-Mn-system, Fig. 30, and found that alloys containing 
between 57 and 86 per cent, of aluminium separate into two liquid layers ; and that 
there are indications of the formation of the two compounds MnAls, and MnyAJ. 
T. Ishiwara s results are summarized in Fig. 31, and the curve corresponds in the 
main with that of G. Hindrichs, but the results are interpreted differently in some 
respects. There is a maximum B in the f.p. curve A'JCBM ' corresponding with 
the formation of the aluminium tritamanganeside, Al 3 Mn. At the horizontal line 



Figs. 30 and 31. — Freeziug-Pnint Curve of the System : Mn-Al. 


FG1I there is a reaction between the liquid F and the compound Al a Mn resulting 
in the formation of aluminium pentitamanganeside, Al 5 Mn. At the temp, corre- 
sponding with OPQ there is a peril ectoid reaction in the solid alloy resulting in the 
formation of a solid soln., Pa, from the solid soln. Oy and the solid Q or 0-Mn ; 
and ut the temp. T V there is an eutoctoid react ion between solid soln. Uy and T8 
resulting in the formation of the solid soln. Va. Manganese exists in three allotropic 
forms a, j8, and y. E. H. Dix and W. 1). Keith studied the aluminium end of the 
system. Observations were also made by H. Schirmeister, and E, Rassow. 
L. Guillet said that the alloys with a high proportion of manganese arc very stable 
in air, but those with A1 ; Mn- 1 : 2 and 1:5 easily disintegrate, and contain 

aluminium I riiadimangamside , Mn 2 Al a . He 
also said that there are probably aluminium 
tetritamanganeside, Al 4 Mn, and aluminium 
tritamanganeside, Al a Mn. The conditions of 
equilibrium of the tritamanganeside are in- 
dicated in Fig. 31. F. R. Michel prepared 
this compound by melting ten parts of a 
mixture of manganous chloride and sodium 
chloride with 5 parts of aluminium and 20 
parts of a mixture of sodium and potassium 
chlorides, and then melting the regulus with 
8 parts of aluminium under a flux of the 
alkali chloride, and removing the excess of 
aluminium by very dil. hydrochloric acid. 
Aeicular crystals and quadratic prisms re- 
main. The sp. gr. is 3*402. The compound 
is not soluble in cold, dil. or cone, nitric acid, but it dissolves in the hot acid. 
The compound is soluble in hydrochloric acid, and in dil. sulphuric acid ; but 
with hot, cone, sulphuric acid some sulphur separates out. The compound de- 
composes water at 100° ; with boiling, cone., aq. ammonia, hydrogen is evolved ; 
and with dil. suda-Jye the aluminium is dissolved, and oxidized manganese remains. 
W. Haas said that alloys of aluminium with manganese — say 2 per cent. — resist 
corrosion by sea-water better than the common aluminium alloys. D. J. McAdam 
studied this subject. 0. Brunck reported Mn 2 Al 7 — possibly MnAlg—to be formed 
by melting a mixture of manganese with six times its weight of aluminium under 


Cu 



Fig. 32.— Melting-Points of Ternary 
Mixtures : Mn-AI -Cu. 
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a layer of sodium chloride, and treating the crystalline reguluswith 2 o^t. 
hydrochloric acid. The tin-white crystals are soluble in cone, hydrochloric add. 
The conditions of equilibrium of alninfniuin trimanganeaide, AlMn a , are indicated 
in Fig. 31. A. Terreil obtained it by reducing manganous chloride with aluminium. 
It scratches glass, and the fracture recalls that of amalgamated zinc. W. Krings 
and W. O&tmann could not confirm the existence of aluminium trit&manganeside, 
but they obtained the tetritamanganeside. In the ternary system, Al-Mn~Cu, 
Fig. 32, there is a ternary eutectic with 20 0 per cent, of copper, 3 per cent, of 
manganese, and 67*4 per cent, of aluminium, at 530°. There is an area of ternary 
mixed crystals and ft polyphase area, but no evidence of a ternary compound. 
If less than 45 per cent, of copper is present, two liquid layers are formed. 
8. F. Herman and F. T. Sisco, R. L. Templin and D. A. Paul, and E. T. Richards 
studied the elastic properties of the alloys. 

About 1901, F. Heusler accidentally discovered that the turnings of a manganese 
alloy were magnetic ; and F. Heusler and co-workers observed that a copper- 
manganese alloy itself is non magnetic, but when associated with a third element — 
zinc, tin, arsenic, antimony, bismuth, or boron — the alloy becomes more or less 
magnetic, and in the case of aluminium a good ferromagnetic alloy is produced, 
for it is strongly attracted by the poles of a magnet and it is capable of retaining 
permanent magnetism. Some binary compounds — <\g. manganese boride, arsenide, 
nntimonidc, and bisinuthide (r/.r.)- -were also found to be magnetic to a leas degree. 
The more important ternary alloys are those in which aluminium is the ihird com- 
ponent;, and these are usually understood by the term Heusler’s alloys. The best 
result s are obtained with alloys containing approximately atomic proportions of these 
elements, namely, fi2*. r ) per cent. On, 25 per cent. Mn, and 12*5 percent. Al— Fig. 33. 
As the proportion of copper is reduced, the magnetic quality improves, but if less 
than liO per cent, of copper be present, t he alloy is too hard and brittle to lie worked 
on a lathe. II. H. Pottej studied the effort of magnetization on the electrical 
resistance, and also the magneto-caloric o Heel of these alloys. 

L. Harang found that the ternary alloys of aluminium, manganese, and copper 
show three cubic lattices : (i) a face-centred one of varying size ; (li) a body- 
centred one, with a~ -2-975 A:, of man- 


ganese and aluminium; and (iii) a simple wCo> 

cubic lattice, with «— 8-71 A., of alu- /\ 

minium and copper. 15. Persson uLso / \ 

discussed this subject. J. F. T. Young A ^ 

observed a face-centred cubic lattice with 
a =3*70 A., and a body-centred lattice 
with a ~2 -98 A. This agrees with the 
assumption that the alloys are solid soln. 
of a manganese-aluminium alloy in 
copper. The subject was studied by 
H. 0. Dorum. H. H. Potter found that 
the alloy crystallizes as a body-centred 
lattice with a=2-95 A. ; that the alu- so* 

“iT 8 S? diSt r n „ bU A tCd Z ft . faCC ' Fra. 33.— The IuUmaity of Magnetisation 
centred cube with «=5-9 A. The direc- 0 f 8orae Cu-Mn-Al Alloys. 

tional magnetic properties are the same 

as those of nickel, which has a face-centred cubic lattice. It is probable that 
the manganese atoms lie on a face-centred cubic lattice. E. Persson’s X-radio- 
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grains of the Cu-Mn -Al alloys show that the magnetism is definitely associated with 
the crystalline structure denoted by the /J-phawe. This consists of a body * cent red 
cubic lattice, with the Al atoms so distributed as to form a face-centred cubic 


superstructure. This crystalline form is magnetizable only when the Mu content 
exceeds a certain minimum value corresponding with (Cu,Mn) a Al. The lattice 
parameter of the /J-phase in quenched alloys increases with increasing manganese 
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content. The highest manganese content in the /{-phase corresponds with maximum 
magnotizability. Tn tempered alloys tho /{-phase is resolved into two crystalline 
forms of similar structure- -one is a j8-Cu-Al phase free from manganese, and the 
other a /{-phase with the maximum manganese concentration corresponding with 
CuMnAl, and called the /{'-phase. The simultaneous occurrence of the two phases 
is taken to mean that their crystalline forms are different. The /{'-phase is con- 
sidered to be characterized by a twofold superstructure, in which one of its four 
face-centred lattices is probably composed chiefly of Al-atonis, another chiefly 
Mn-atoms, and the two remaining ones almost exclusively Cu-atoms. All the 
nlloyB with the /F -phase are ferromagnetic, and this agrees with an observation of 
H. H. Potter to the effect that the ferromagnetism of the Heusler alloys is intimately 
connected with the orientation of the Mn-atoms in the face-centred structure. When 
a (Cu,Mn)Al-phasc appears with the higher concentrations of aluminium, the alloy 
is non-magnetic. Unlike A. Kussmann and B. Schamoff, S. Valentiner and 
G. Becker infer that the magnetic properties cannot be referred to any definite 
lattice or phase ingredient 

According to A. A. Knowlton, there is no simple relation between composition 
and magnetic properties. The alloys showed no sign of recalcseence ; the critical 
temp, for one specimen was 0° and for another 200°. The microstructure shows 
three types of crystals : (1) bright ones, unaffected by the etching fluid (IIC1 and 
FeCl 3 ) ; (2) dark ones, deeply etched ; and (3) yellowish ones of the nature of a 
matrix. Crystals of the first type were evidently the magnetic ones, as no specimen 
from which these were absent was magnetic, and the value of the intensity of 
magnetization, /, could be estimated with a fair degree of approximation from the 
area of these crystals. E B. Stephenson also examined the microstructure of these 
alloys. The microstructure varies greatly with the heat treatment. The variations 
in the electrical conductivity and hardness with the age of the alloys were studied 
by F. Heusler and E. Donnges. 0. A. Shakcspear examined the expansion effect 
between 250° and 300°. A. Rosenheim and co-workers, and K Morlet studied the 


mechanical properties of the alloys. E. Morlet studied the effect of manganese on 
the hardness of the copper-aluminium alloys ; and G. Masing, the age-hardening of 
the alloys. P. W. Bridgman found for the alloy therh— Cu, 85 ; Mn, 13 ; Al, 2 - 



Fio. 34 — Tho Effoct of Temperature on the Specific Heat, 
Magnetic Induction, and the Rate of Change of the 
Magnetic Induction with Tomjiorature. 


the cubic compressibility 
0-7 x 10“ 8 ; the reciprocal 
of Young’s modulus, 0-69 
X 10~ 8 ; and Poisson's 
ratio, 0*33. 

E. Dippel found the sp. 
lit. of an alloy slowly cooled 
was 0*10589, and that of an 
alloy heated to 600° and 
rapidly chilled, 0-10709. 
W. Sucksmith and H, H. 
Potter found that the sp. 
ht. curve, Fig. 31, changes 
rapidly near the critical 
temp., about 280°, showing 
that heat is rApidly ab- 
sorbed as the substance 


changes from a ferro-magnetic to a paramagnetic state. J. R. Ashworth studied 
the relations between the thermal and magnetic constants. 

S. Fabiani found for the alloy Cu : Mn : Al— 58-9 : 26-5 : 14-6, the absorption 
cooff . i, and the index of refraction /*, for light of wave-length A : 
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J. C. McLennan and co-workers gave 725 for the resistance, R microhms, of 
Heusler’s alloy at 27° ; 696 at 0° ; 311 at -88° ; 208 at -268*8° ; and 203 at -271°. 
P. W. Bridgman observed that the resistance of the alloy therfo -Cu, 85 ; Mn, 13 ; 
Al, 2— taking unity at 0°, is 1-00120 at 50°, and 1-00104 at 100°. The press, coeff. 
at 0 and 12,000 kgrmB. press, per sq. cm. are respectively 0-0 5 2361 and 0-0 s 2273 at 
0° ; 0-0*2386 and 0-0*2318 at 50°; and 0-0*2367 and 0-0*2320 at 100°. The 
resistance passes through a maximum between 0° and 75°. When under tension, 
the resistance changes in accord with the tension cocff., — 0-0 fl 73. The magnetic 
induction curve, 7, and the curve showing the rate of change of the magnetic 
induction with temp., dl dT t are also shown in Fig. 34. The results show that 
the magnetic and thermal phenomena are intimately connected, and that the 
magnetic change is associated with a heat of transformation. W. Preusser’s 
observations on the intensity of magnetization, 7, of the ternary alloys of different 
composition are shown in Fig. 35. F. Heusler and F. Richarz showed that forged 
copper alloys with 20 per cent, or less manganese and 6 per cent, aluminium are 
entirely lion-magnetic when quenched from a red heat in water or mercury, but 
after heating for several hours in boiling xylene, a maximum degree of magnetiza- 
bility ib reached, and the alloy is found to be free from hysteresis. The same 
alloys, slowly cooled, show hysteresis, which is the greater the slower the cooling 
through the critical range. The magnetic susceptibility decreases rapidly with an 
increase in the proportion of aluminium. The maximum susceptibility is obtained 
when the alloys have the composition A1M 3 , where M 
represents manganese and copper, which replace one 
another isomorphously in the compound. In this iso- 
morphous senes the magnetic susceptibility increases with 
increasing manganese, and a maximum should be reached 
bv the compound AlMn 3 , which is to be examined for its 
magnetic properties. A. Kussmann and 13. Scharnoff 
traced the anomalies to a change of phase in the neigh- 
bourhood of 130 . J. A. Fleming and R. H adtield found 
that the curves representing the remanencc, B , aud the 
intensity, 77, of the magnetic field are similar to those 
lor cast-iron. An alloy with 61-68 Cu, 22-57 Mn, 13-63 
Al, and 1-51 Pb gave E. B. Stephenson the results shown 
m Fig. 35. The saturation intensity is about one-fourth that of iron. According 
to A. A. Knowlton, the critical range of temp, of magnetic transformation is from 
25U U to 450° according to the composition. The change from the magnetic state 
occurs over this range of temp. If the alloy lie quenched 50° to 100° above the 
upper limit, it is almost non-magnetic, but if the temp, bo now raised to 120°, 
maintained there for some hours, and then cooled slowly, the magnetic property 
reappears. This tempering brings about favourable changes which at ordinary 
temp, would require a year or more of ageing. A. I). Ross found that quenching 
from still higher temp, greatly reduces the magnetic hysteresis and the coercive 
force is about one-sixth that of soft iron. The loss of magnetic susceptibility which 
results from quenching may be restored by ageing at 120°, but the low coercive 
force persists, so that the alloys may be used for replacing iron in iron-cored electro 
magnetic instruments. At the temp, of liquid air the permeability in fields up to 
200 C.G.S. units may be 25 per cent, greater than at ordinary temp. An alloy 
made feebly magnetic by quenching from a high temp, has its magnetism largely 
restored on cooling to 190°, although the improvement is not maintained on return- 
ing to the ordinary temp. According to W. Krings and W. Ostmann, the maximum 
susceptibility of Heusler’s alloys bes at the point of intersection of Cu a Al and 
AlMn a . Alloys containing more than 30 per cent, of manganese, whicli have not 
been previously investigated, are also magnetic. The increase and decrease of 
magnetic properties are accompanied by changes of structure. In contradistinction 
to Heusler’s alloys, which attain their maximum magnetic susceptibility after being 
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heated at 144° for a long period, alloys of high manganese content exhibit their 
maximum magnetic properties after ageing at a high temp., whereas ageing at 144° 
causes all magnetic effects to vanish. The magnetostriction was studied by 
L. W. Austin, K. E. Guthe and L. W. Austin, and J. C. McLennan ; K. E. Guthc 
and L. W. Austin tested samples for the modulus of elasticity; H. Zahn and 
H. Schmidt found the coeff . I? for the Hall effect is 1300 x 10~ 5 , and that the coeffi. Q 
for the thermomagnetic effect is - 500x10”*. 

The magnetic properties of the alloys were also studied by B. V. Hill, A. Gray, 
H. 0. Dorum, etc. B. V. Hill said that the magnetic effect is reversible up to 
about 375°, but at 500°, irreversible. Many attempts have been made to locate 
the magnetic unit. J. A. Fleming and R. Hadfield assumed that the magnetic 
properties of these alloys are due to molecular grouping, and are not characteristic 
of the element# themselves. F. Heusler, as indicated above, regards the magnetic 
unit as a romplex, {Al(0u 1 Mn) 3 } l|a The aluminium and copper in the complex 
can be replaced isomorphously, or, as A. D. Ross expressed it, solid soln. of (.'u 3 Al 
and Mn 3 Al may be formed. This leaves it an open question whether the magnetism 

is to be attributed to the simple molecules, 
Al(('u,Mn) 3 , to complexes, {Al(Cu,Mn) :j }„, or to n 
particular crystal lattice. O. von Auwcrs and 
co-workers studied the ageing of the alloys be- 
tween 100 D and .300° required to develop full 
magnetic power. One effect of this treatment is 
to raise the mugnetie transition temp, along a 
curve similar to a magnetization curve. When 
magnetization is plotted against time of ageing 
for different field strengths, a series of curves is 
obtained, of which those for lowei field strengths 
show a sharp maximum, with a subsequent fall 
to a constant magnetization (Fig. 3f>). In the 
curves for high field strengths the maximum Is 
flattened out and the corresponding, point is fol- 
lowed by a gradual rise in magnetization as the 
300 400 500 ** in0 a K (il,l £ increases. The ageing process 

field strength, H gauss appears to involve two superimposed molecular 

changes. At the magnetic transition point, the 
Fig. no.- — 1 The Intensity of Mug- magnetic particles become dissociated. On 
netization for Different Held f . U enchi£g from about 6(K)° the alloy contains 
of Ageing. very few magnetic molecules. By slow cooling 

or by the ageing process the particles again 
become associated and the magnetization and coercive force both increase. 
With low field strengths the coercive force -that is, the intermolccuiar force — 
predominates over the magnetizing force, and this explains the maximum in 
the above-mentioned curves. The highest point of the magnetization curve is 
reached when the coercive force is a maximum, that is, when the maximum number 
of magnetic particles are present. The coercive force depends on the temp, of 
ageing, and reaches a maximum with temp, from 1 90° to 260°. Above this temp, 
it falls off rapidly, presumably because the dissociation of the particles has then 
commenced. L. Harang’s X-radiograms did not agree with the assumption that 
the magnetism is tied up with a complex (A1M 3 )„, when* M denotes an isnmorphous 
mixture of copper and manganese, for the magnetic character cannot be associated 
with any single lattice. J. R Ashworth discussed the temp, coeff. of the resistance 
and the thermoelectric power ; and also the application of an equation of state— 
vide iron — to these alloys. W. Sucksmith and H. H. Potter compared P. Weiss’s 
theory of the relation between the sp. ht. and the magnetization of these alloys. 
F. Persson attributed the magnetism of the Cu-Mn Al alloys to a /3-phase, con- 
sisting of (Cu,Mn) 3 AI, which is formed in the quenched alloys, with aluminium in 


netization for Different Field 
Strengths with Different Tunes 
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solid soln This phase on annealing breaks up into a jff-copper aluminium phase 
and the ('ugMnAl phase with a maximum manganese content The higher the pro- 
portion of manganese (Cu,Mn)jAl, the strongci the magnetization J R Ashwoith 
discussed the relations of the magnetic and thermal constants H H Totter 
studied the magnetic properties of the sdver-manganese-alurninium alloys. 
P Hidnert and W T Sweeney measuied the coeff of expansion of magnesium- 
manganese-aluminium alloys ; and E Griffiths 
and F H Schofield, the thermal and electrical 
conductivities of some aluminium bronze's 
alloyed with manganese W Sucksmith and 
L F Bates found the ratio of the gyromagnetic 
effect to be K - 0 501 -vide the magnetism of 
iron 

N Baar 8 found that molten manganese and 
thallium are almost immiscible at 1 200°, but 
the f p of manganese is slightly lowered by the 
addition of thallium, showing that a t hallium , 
manganese alloy is formed Fig 37 

( S Smith 0 and E Vocc studied some 
copper-silicon-manganese alloys ; and H A 
Bedworth the resistance of the alloys to at ids 
E Voce represented an approximation to the 
solid phase* m the ternary manganese silicon 
topper alloys by Fig 38 He measured the 
niPthamcal properties of the alloys and the 
results foi th< annealed allots arc suinnmu/t d m Figs 39 to 11, where the curves le- 
pit sent the data in tons per st| in Hi found that t upper and silit on topper assisted 
rone sulphuiic ucid fanl\ well but silicon manga nc'se toppe r allox was moderately 
attacked All the metals resisted normal and dceinormal sulphuric acid quite well 
the rate of attac k bung from 8 to 13 mgr ms per sq cm pOT month Mine w etc r " 
i c normal sulphuric acid containing dissolve d sulphates— is three m Iout times as 
conosive as the same acid free fiom sulphates Normal and deemormal hydro- 
chloric acid attacked all the alloys to a greater extent than sulphuiic acid of the 



Fig 37 Freezing Point Curvo of 
tho S\nt©m Mn 11 




Fig 38 Phases m Chill Cast Fig 3 f c -Tensilt Strength of Annealed 

Si Mn Uu Alloys Si Mn tu Yllo\s 

same concentrations, the loss in weight varying from about 10 to 00 mgrms per sq 
cm per month Ah might be expected, normal nitric acid lapully attacks coppei 
und the silicon alloys On the other hand, dr cmormal nitric a< id has se arcely more 
action than sulphuiic acid of the same concentration All the metals showed a 
fair degree of resistance to normal formic and acetic acids (8 15 mgrms per sq cm 
per month), and mixing the two acids did not increase the rate of attack. In 
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synthetic sea-water there was little to choose between the alloys . When the alloys 
were exposed to air at 725° to 825°, the scale formed on silicon-copper alloys resembled 
that ordinarily formed on copper, in so far as it consisted of a black cupric oxide 
layer superimposed upon a firmly adherent cuprous oxide film. In the case of 
alloys containing appreciable quantities of silicon the cuprous oxide film is buff in 
colour and contrasts strongly with the red oxide produced on copper. The 



m%S' 0%Mn fO%St fO%Mn 

Fig. 40. — Percentage Elongation of Fig. 41.- Izod Impart Values ot 

Annealed Si Mn-Cu Alloys. Annealed Si Mn-Cu Alloys. 


modification of the colour is probably due to the admixture of silica. The resistance 
of silicon-copper alloys to high-temj»erature oxidation in the neighbourhood of 
700° increases with the silicon content. At 725° the rate of oxidation of an alloy 
containing 4-58 per cent, silicon was from one-fourth to one-seventh that of copper. 
The adherence of the outer layer of black oxide was likewise a function of the 
silicon content. For the 4-58 per cent, silicon alloy it was very firmly adherent. 
At temp, above 800° the oxidation rate increases and approximates to that of pure 
copper. The addition of 1 per cent, manganese to a 4 per cent silicon alloy 
did not appreciably alter the rate of oxidation, but rendered the black oxide much 
less adherent. In 1773, R. Dovey patented the use of “mangomzc oar” with 
alloys of copper zinc, and tin to produce an alloy “ in all respects resembling gold.” 
T. Goldschmidt made till and manganese alloys by the ahumnothermite process. 
According to R. 8. Williams, the f.p. curve of these alloys, Fig. 42, has a break at 
989°, corresponding with tin tetramanganeside, SnMn,, which decomposes below 

its rn.p., and not only shows considerable magnetic 
permeability, but is permanently magnetic. It is 
fairly hard hardness on Mohs’ scale 4 to 5- it is 
not so brittle ns mangatiese, and takes a good 
polish. A second break occurs at 898°, corre- 
sponding with tin dimanganeside, 8nMn 2 , which 
decomposes below its rn p. It shows a slight 
magnetic j>orinoability, and it is softer than the 
tetramanganeside -hardness 3 to 4 — and is less 
readily attacked by dil acids. A third break 
Per cent Mn occurs at 541°, and probably corresponds with tin 

Fm. 42.-- Freezmg-Point Curve manganeside, 8nMn. This compound has but a 
of fc e ystem: Mn-Sn. slight magnetic permeability. It decomposes be- 
low its m.p. and is silvery-white. A series of mixed crystals extends from about 
95 to 100 at. pci cent, of manganese H. H. Potter studied the magnetic properties 
of SnMn 4 and SnMn 2 ; and P. Martin, Kerr’s effect. N. A. Puschin measured the 
potential curve, E millivolt, of SnMn n against tin in iV-KOH, and found : 

w . 20 CO 55 65 73 75-5 75 0 77 84 80 100 

K -10 —4 10 33 44 755 720 890 805 885 930 
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With 50 at. per cent of manganese the alloy makes a jump , probably corresponding 
with the SnMn-compound, and with 75 at. per cent, manganese there is a sharp 
break, corresponding with SnMn a . II. Fassbcndcr examined the magnetic properties 
of the Mn-Sn alloys, and he obtained a maxima on the susceptibility curve corre- 
sponding with SnMn 4 . F. Heusler studied the magnetic properties of the ternary 
alloys- tin, manganese, and copper. L. Harang found from the X-radiograma of 
the ternary alloys of tin, manganese, and copper that a high tin content corresponds 
with a hexagonal lattice, possibly due to a compound of copper and tin. A. D. Ross 
and R. C. Gray found that the ternary alloys of copper, manganese, and tin with 
the 14 to 18 per cent, of tin arc more magnetic at —190° than at ordinary temp* 
The quenching of the ternary alloys from 350° to 580° produces complex changes, 
the coercive force being always diminished, and the effect cannot be reversed by 
again annealing. The quenched alloys are more unproved in magnetic properties 
bv cooling to --190° lhan those in the normal condition. Baking at 180° to 200° 
diminishes the susceptibility and increases the coercive force. F. Heusler found 
that in these alloys the maximum of magnetic properties is found, in accordance 
with the general rule, in the alloy in which the sum of the manganese and copper 
alums is three tunes the number of tin atoms. In the aluminium series the maxi- 
mum is reached at (AlMnCu 2 ),,. The ferromagnetic quality falls off much more 
rapidly from the maximum in the tin series than in the aluminium scries 

It. S. Williams prepared lead and manganese alloys by melting the two elements 
at about 1500 , and A. Stavenhagcn and E. Sthucliard, by reducing a mixture of 
the oxides with aluminium. J. F. Allen also pro- 
paicd these alloys. R. S Williams said that fused 
manganese dissolves 10 per cent, of lead and its 
mp n at the same time lowered fiom 1228 J to 
1198*. At the same temp, lead dissolves about 
12 per cent, of manganese, but the manganese 
separates out completely as the temp, falls to the 
m p of lead. The equilibrium diagram is shown 
m Fig. 43. This subject was also studied by 
K. Bornemann. The alloys are not magnetizable. 

G. Arrivant 10 prepared molybdenum-m&n- 
g&nese alloys containing 12-25 to 29-64 per cent. 

Mn by fusing a mixture of the metallic powders 
at 1500° in a cuirent of hydrogen, and also by 
i educing a mixture of the oxideH by means of 
aluminium. The alloys are hard and brittle, and 
are readily soluble in dil. or cone, mineral acids. 

These alloys are said to consist of fice manganese associated with molybdenum 
hexam ftnganeside, Mn 6 Mo, which can be separated by mcanR of dil. acetic acid, or 
ammonium acetate, in dil. alcoholic soln , in which tlie compound is insoluble. It 
forms plates of sp. gr. 7-28 at 0 U . In a similar manner molybdenum tetaunangan- 
ende« Mn 4 Mo, is produced as a granular powder of sp. gr. 7-62. The compounds 
are attacked by chlorine, or strong mineral acids at ordinary temp. ; by water 
at 250° ; and by alkali carbonates, nitrates, or hydrosulphatcs at a red-heat. 
Alloys richer in manganese are obtained by the alumino-thermite process. They 
are hard, brittle, silver-white, non-m^gnctic, and readily soluble in hot, cone, 
nitric or sulphuric acid, or fused aikali liydrosulphato. The alloys consist of 
manganese associated with one of the three compounds Mn 2 Mo, MnMo 2 , or MnMo. 
When the alloy with 36-11 to 43-94 per cent. Mo is treated with a 10 per rent, 
alcoholic soln. of acetic acid, molybdenum dimanganeside, Mn 2 Mo, is left as a 
steel-grey powder of sp. gr. 8-37 at 0°. By treating alloys with 43-57 to 59-25 per 
cent. Mo with dil. hydrochloric acid, there remains molybdenum manganeride, 
MoMq, as a steel-grey powder of sp. gr. 8-60 at 0° ; and by treating alloys with 
04-70 to 72-27 per cent, of Mo with cone, hydrochloric acid, there remains a steel- 



Fiu. 43. -Freezing-l’oint Curvo 
of the System : Mn Fb. 
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grey powder of molybdenum hemimanganeside, MnMo ? , of sp. gr. 8-70 at 0°. 
These three compounds arc attacked by chlorine at ordinary temp., or with in- 
candescence at 300°, by oxygen or sulphur at a red-heat, and by water-vapour at 
250°. Hydrochloric and hydrofluoric acids dissolve only the dimanganeside. 
W. Guertler and T. Liopus studied the corrodibility of the copper-manganese- 
molybdenum alloys. J. J. and F. do Elhuyar 1J prepared manganese and tungsten 
alloys ; and (}. Arrivant prepared alloys containing 12*21 to 60-05 per cent, of 
tungsten, by reducing with aluminium a mixture of the oxides of the two metals 
with their respective peroxides ; they form hard, brittle ingots, steel-grey in colour, 
and non-mognetic. These alloys, which do not contain any definite compounds 
of the two metals, are slowly oxidized in the air, and completely dissolved by 
boiling cone, sulphuric acid or by fused alkali hydrogen sulphates ; dil. acids attack 
them in the cold, dissolving the manganese and leaving the tungsten in the form of a 
heavy, metallic, steel-grey powder having a sp. gr. 15-28 at 0°. Alloys of tungsten 
and manganese containing not more than 25 per cent, of the former metal can also 
be prepared by fusing a mixture of the metallic powders in a current of hydrogen. 
H. List said that the two elements do not form alloys. A. Stavenhagen and 
E. Schuchard obtained nraniom-manganese alloys by the thermite process. 
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§ 8. Manganous Oxide and Hydroxide 

C. W. Blomstrand 1 observed that the emeTald-green, cubic crystals occurring in 
the manganiferous dolomite of Langban, Wcrmland, Sweden, consist of manganous 
oxide, or manganese monoxide. MnO, contaminated with about a half per cent, 
oi iron. He called the mineral manganoeite. A. Sjogren also found this oxide 
occurred in the Moss Mine, Nordmask, Wermland, Sweden. The manganese oxides 
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were studied by R. Phillips in 1 829. A. Geuther said that pyrolusite heated to bright 
redness furnishes the monoxide, but W. Biltz's observations — vide infra — show that 
more probably the manganosic oxide, Mn 3 0 4) is formed. C. W. Scheele obtained 
the monoxide by heating manganous carbonate to redness out of contact with air ; 
H. Davy, by heating manganous hydroxide ; and J. von Liebig, F. Kessler, J. Bach- 
munn, J. L. Lassaigne, and A. Gorgeu, by heating manganous oxalate. 
E. G. L. Roberts and E. A. Wraight obtained the monoxide by fusing manganese 
dioxide in a magnesia-lined crucible ; and E. Tiedo and E. Birnbrauer said that the 
dioxide is reduced to the monoxide when it is heated to 1650° in vacuo. 
J. A. Arfvedson prepared the monoxide by heating manganous carbonate to redness 
in a current of hydrogen ; G. Forchhammer, E. Turner, J. N. von Fuchs, 
E. It. Schneider, and F. Kesrier, manganosic oxide ; and C. R. A. Wright and 
A. P. Luff, and H. Moissan, manganese dioxide. H. Moissan added that the 
reduction of manganese dioxide by hydrogen occurs at 280°, and of manganosic 
oxide, prepared at a low temp , at 260°. JL. Wohler and 0. Balz found that the 
equilibrium constant Ch„o/Cii - K in the reaction Mn 3 04 +H 2 ^H 2 0 + 3 Mn 0 , is 
34-(i at 4f)0 o . K Stammer reduced manganosic oxide to manganous oxide by 
heating it in carbon monoxide. A . Guntz found that manganese and carbon dioxide 
begin to react : Mn [ CO - MnO } C-\ 33*3 Cals, at 350°; and the reaction with 
carbon dioxide : 2Mn 1 C0 2 2MnO-[ C‘H 46-3 Cals, also occurs at a high temp., as 
shown by A. Guntz, and R. Lorenz and F. Heusler. According to P. Berthier, 
manganese dioxide is formed when one of the higher manganese oxides is heated in 
a carbon crucible to the beginning of a white-heat. .T. Mactear mixed a soln. of 
manganous sulphate with sufficient magnesium chloride to be eq. to the sulphate 
and any free sulphuric acid in the soln. When the liquid is evaporated out of con- 
tact witti air, hydrogen chloride is copiously evolved and there is formed a mixture 
of manganous oxide and magnesium sulphate from which the latter can be removed 
by washing. J von Liebig and F. Wohler heated to redness a mixture of equal 
paits of manganous chloride, sodium carbonate, and ammonium chloride. The 
manganous carbonate first formed decomposes into the oxide, and the ammonium 
chloride prevents the formation of higher oxides. The fused mass is lixiviated, 
washed, and dried. D. C. Knab obtained the monoxide by heating one of the 
higher oxides with sulphur- some oxysulphide is also produced. J. J. Ebelmen 
prepared crystals of manganous oxide by beating manganese borate with lime ; 
crystals are also produced in J. von Liebig and F. Wohler’s process , and 
II. St. C. Deville obtained crystals by reducing a higher oxide with h} r drogen con- 
taining a trace of hydrogen chloride. A. Gorgeu heated to redness manganous 
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oi oxidizing gases, lor a long lime, ana od- ■ 
tained crystals of manganous oxide. F. Doe- 
rinekel melted manganous oxide with Rilira 1 
und found that crystals of manganosite sepa- * 
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According to F. Oberhoficr and K. d’Huart, 
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and H, Lofquist constructed a provisional equilibrium diagram, Fig. 44, based on 
the analogy between manganous oxide and ferrous oxide (j.u.). There is pre- 
sumably a region of imraiscibility, ABC, with manganous oxide and manganese ; 
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and a eutectic at Z). The maximum at E refers to manganous oxide ; and since 
the next higher oxide is manganosic oxide, MugO^ there is supposed to be a 
V-eutectic, at F. 

The oxide was analyzed by J. A. Arfvedson, J. J. Berzelius, II. Davy, T. Berg- 
man, H. Moissan, G. Forchhammer, and (\ von Hauer, and the results are in agree- 
ment with the formula MnO. Manganosite was* analyzed by C. W. Blomstrand, 
and 0. Palache. U. Forchhammer, J. A. Arfvedson, E. Turner, J. ,7. Berzelius, 
J. von Liebig and F. Wohler, an(l J. M. Weeren describe the monoxide an an 
amorphous or crystalline, green or greenish-yellow powder. W. Biltz discussed 
the colour of the derivatives of luangnnous oxide. H. 8t. C. Devdle said that the 
emerald-green crystals are regular oetahedra ; while C. \V. Blomstrand described 
the cubic crystals of manganosite as minute oetahedra, whic h are emerald-green 
when fresh, and become black on exposure to air. According to A. Sjogren, the 
crystals resemble those of periclase. E. S. Larsen, and J\ Klein found that 
manganosite is green in transmitted light. P. Klein studied the corrosion figures 
with hydrochloric and sulphuric acids (?. R. Levi found that the X-radiogmm 
agrees with a cubical lattice of the sodium chloride type with « — 4-40 A. and the 
calculated sp gr. 5-46. A. J. Bradley obtained similar results with u-4-45 A. 
E. Broch gave a -4*435 A.; II. Ott, n — 4-47 A. and a calculated density 5-22; 
and C. Fontana,, a- 4*409 A. and a density of 5*429. Observations were also made 
by V. M. Goldschmidt, G. Natta, and H. Ott. According to G. Aminoff, the radius 
of the hydrogen atom m the hydroxide is 1-05 A. The structure of the hydroxide 
is expressed by the substitution m HgO.O.lIg of the continuous hydrogen atoms of 
adjacent trigonal axes by manganese m the direction of these axes. E. J. Cuy gave 
2-20 A. for the interatomic distance. According to W. llerapath, the specific 
gravity is 4-726 at 17 ; while (\ F. Rammclsberg gave 5-091 ; D. Muller. 5*4; 
L. Playfair and J. P. Joule gave 5*30 ; and V. II Veley, 5-010 at 1 G R. Levi 
gave 5*432 for the sp. gr. of the fused oxide. C W. Blomstrand gave 5*18 for the 
sp. gr. of manganosite, and 5 to 6 for the hardness. (\ Palache gave 5-346 for the 
ap. gr. of manganosite. M. Meyer and B. Havas found the eoefT of cubical thermal 
expansion to be 0-0 fl 22. H. V. Rcgrnuilt gave 0-15703 for the specific heat between 
13° and 98°. R. W. Millar found the molecular heat of man gallons oxide to be : 

-202-0° -184-7* -104 9° - 140 2 -117 4° O') 7 2.1 0 0 1° JJ7 2 

C p . 4-426 6-348 9*829 7-470 8-124 0-173 9-720 9 992 10-3 

The results arc plotted in Fig. 45. There is a marked discontinuity between 
110° K. and 118° K. 1. Meydell studied flic subject. (\ M, Desprolz found that 

the oxide melts at a high temp. E. Tiede 
and E. Birnbrauer gave 1650' for the melt- 
ing-point. J. H. Andrew and co-workers 
gave 1585°. t\ Benedicks and H. Lofquist 
estimate the m.p. to be near 1700°. H. le 
Cha telirr obtained for the heat Of formfr- 
tiOQ 90*8 Cals. ; M. Bcrthelot, 90-9 Cals. ; 
1). Muller, and W. A. Roth, 93*5 Cals. ; 
and II. von Jtiptncr gave 2Mn j-0 2 “2Mn0 
1 181-8 Cals. G. Beck discussed the energy 
Fia. 45, — The Molecular Keats of the (J f formation. R. W. Millar calculated 14*92 
° xi<,eB - for the entropy at 25° ; and for Mn+JO, 

=Mn(), the change of entropy is 17*0, and the change of free energy, -85,830 

cals. G. Beck studied the energy of the oxide. 

W. Biltz calculated for the temp, of dissociation, 4050° when p-1 atm. The 
temp, of dissociation and the c.m.f. series are in accord lor the following metals and 
their oxides : 

Afc Hr ( ii Fb Co ¥7 Mu 

e . . 488“ 723“ 2073“ 2513“ 3133° 3208’ 4060- 

Potential . fO-771 +0-763 -0-320 -0-161 -0-232 -0-344 -1-076 volte 
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H. Styri calculated for the dissociation pressure of manganous oxide, p, 
2MnO=2Mn+O 2 -]81,600 cals., log p=-14*7 at 1500° ; -13-5 at 1600°; -12-4 
at 1700°. N. Parravano and G. Malquori gave for the dissociation pressure at 600° 
log po,= -”37*573. H. von Juptner calculated for the dissociation 2MnO--2Mn + 0 2 , 
the press, p atm., from log p=- 39562T“ 3 +1'75 log T=- 2*9 (vide infra , Mn0 2 ), 
so that : 

OOtr 1000° 1400° 1800° 2J(K) B 24110'’ 

P . O-O..0311 O-O ai 3O70 0-0 ia lll5 00 IS 32' , 0*0.4040 0-0,1703 

W. E. Ford found the index of refraction for Na-light to be 2-18 ; and 
E. fi. Larsen. 2*16. E. L. Nichols and I). T. Wilbur found manganese oxide showed 
no flame luminescence. T. W. Case observed no change in the electrical con- 
ductivity on exposure to light. 0. F. Tower studied the potential of manganese 
dioxide electrodes in an alkaline hoIvi. of manganous hydroxide. R. Whytlaw- 
Gray and co-workers, and E. Thomson found that the particle* exhibiting 
Brownian movement form chains under the influence of an electrostatic field. 

M le Blanc and H. Sachse found the electrical conductivity to be 10 mho. 
E. Wedekind and (\ Horst gave r>f»*lfl\IO fl mass unit for the magnetic sus- 
ceptibility at 11*8" ; and P. Theodoridcs, 67-46x10 r> mass unit. Comparative 
measurements were made by P. Hausknecht. E. H. Williams discussed the 
structure of the paramagnetic oxide. K. Ilonda and T. Sone\s observations showed 
that the magnetic susceptibilities ^ < 10°, ut diflerent temp., are : 

-l«r :« i! 27*) r »:»S 738’“ 1U1J IUT 1206° 

X *1U 6 . HU-y 87-0 77-7 50 7 43-2 35-4 30*5 30-3 28-7 

.1. A. Arfvedson, and (' anrl A. Tissier found that manganous oxide is not 
decomposed by hydrogen at a blight red-heat ; and F. Glaser observed f hat the 
decom]K)Ht ion by hydrogen begins at 1300 , H H. Meyer gave 1200°. E. Newbery 
and J. N Pnng said that reduction occurs at 20(H) with hydrogen at 150 atm. press. 
H. S. Taylor and A. T. Williamson found that the absoiption of hydrogen is very 
small, and they studied its catalytic effort in the oxidation of hydrogen. 
.1 V. Vaughan and W A. Lazier studied manganous oxide aN a catalyst in hydrogena- 
tion reactions. E. R. SchneideT found that when strongly heated m oxygen, man- 
ganous oxide forms manganic oxide, Mn 2 0 3 . The monoxide obtained by reducing a 
higher oxide at a low temp, in hydrogen was found by C. R. A Wright and 
A E. Menke not to lie spontaneously oxidized in air unless free alkali is present ; but 
if a trace of alkali be present, the monoxide takes up oxygen from the air, and 
acquires a brown or black film. C. W. Schcele, and J. von Liebig observed that when 
the oxide is exposed to the air, it becomes brown in a few days ; and if it be heated 
below redness, by red-hot charcoal, it glows rapidly to form manganosic oxide. 
N. N. Mittra and N. R. Dhar studied the oxidation of manganous hydroxide iu air. 
H. Moissun found that the monoxide obtained by reducing higher oxides in hydrogen 
at 260° oxidizes with sparking at 1 40° ; and A. Gorgeu found that the oxide obtained 
by heating the oxalate at 200° to 420 f> is pyrophoric, forming manganosic oxide in 
air. The denser varieties of manganous oxide were found by J. A. Arfvedson to 
form manganoBic oxide, without incandescence, at a dull red-heat. II. St. C Deville 
found that the crystalline monoxide behaves similarly. H. V. Regnault observed 
that manganous oxide is not decomposed by boiling water, but when heated to 
redness in water-v«])our, hydrogen and manganosic oxide are formed. A. von Kisa 
and F. E. Lcdorer studied the effect of manganese salts on the decomposition of 
hydrogen dioxide. R. Wasmuth studied tho attack of the heated oxide by chlorine. 
L. E. Rivut and co-w r orkers observed that in the presence of alkali-lye at 40 u to 50° 
chlorine oxidizes it to alkali permanganate ; at O’ manganic oxide is formed, which 
if the temp, be allowed to rise, passes into soln as green alkali mangunate. H. Rose 
found that hydrochloric acid dissolves manganous oxide to form manganous 
chloride, and if the monoxide be quite free from higher oxides, no chlorine is 
developed, and, according to L. Santi, the formation of manganous chloride. 
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C. Langlois observed that periodic add is reduced to iodic arid, and manganic 
iodate is formed. 

J. A. Arfvedson found that when the monoxide is heated with sulphur, Bulphur 
dioxide and manganese oxysulphide are formed ; while with hydrogen sulphide, 
water and manganese sulphide are produced. The reaction with sulphur vapour, 
and hydrogen sulphide was studied by K. Hilgenstock. R. Wagner obtained similar 
results. E. Priwoznik observed that ammonium sulphide at 100° converts it into 
flesh-coloured manganous sulphide. D. L. Hammick found that when manganous 
oxide is heated in sulphur dioxide, the reaction is accompanied by a dull red glow ; 
sulphur and sulphur trioxide are produced, as well as a green powder containing 
manganese sulphide and sulphate, as well as traces of the higher oxides. With a 
more prolonged heating to dull Tedncss, there is a slow production of sulphur trioxide, 
but no free sulphur, and the brown solid becomes white manganous sulphate. 
The primary reaction is supposed to be 7Mn()-H0SO 2 — MnS-f6Mii80 4 \ S0 3 +2S ; 
among other secondary reactions there is Mn8-j r>Mn8() 4 - 2 Mn 3() 4 4 0SO 2 . The 
reaction was studied by K. Hilgenstock. The oxide readily dissolves in sulphuric 
add to form manganous sulphate. 

0. Meyer found that manganous oxide is vigorously attacked by titanium 
nitride at a high temp. L. Santi observed that a hot cone. soln. of ammonium 
Chloride converts manganous oxide into chloride, with the evolution of ammonia. 
P. Sabatier and J. B. Sen de re ns found that nitrous oxide or nitric oxide, at 350°, 
converts manganous oxide into manganosic oxide without glowing ; while nitrogen 
peroxide, at 5(H) , forms manganic oxide. The oxide readily dissolves in nitric add 
to form manganous nitrate, and in phosphoric acid to form the phosphate. 

According to ,T. A. Arfvedson, and V. and A. Tissier, manganese monoxide is 
decomposed by carbon at a bright red-heat ; but not by carbon monoxide. 
H. G. Greenwood said that no reduction with carbon occurs at 5 00° to 600°, but at 
1100° to 1200° it is reduced to manganese. N. Parravano and G. Malquori gave 
log p r0j — 1*38 for the dissociation press. 2Mu0+C=C0 2 -f 2Mn, at 1500°. 
H. H. Meyer said that the reaction with carbon starts at 900° to 950° ; and with 
carbon monoxide at 1 200°. E. Nishibori studied the reaction with carbon monoxide. 
0. Meyer found that manganous oxide is attacked by carbides — silicon, chromium, 
and molybdenum - at a high temp. 0. Houghton said that the reaction with silicon 
carbide begins at 1350°. The reaction was also studied by E. H. Schulz and 
A. Kanz. The reaction with carbon disulphide was studied by K. Hilgenstock ; 
and with ethyl and isopropyl alcohols, by A. T. Williamson and II. S. Taylor. 
E. Donath observed that glycerol, in alkaline liquids, dissolves manganous oxide, 
forming a red liquid in the presence of oxygen. J. Milbauer found manganous 
oxide is converted into potassium manganous sulphide when heated with potas- 
sium thiocyanate. P. Sabatier and A. Mailhe found that manganous oxide 
facilitates the catalytic reduction of organic adds to aldehydes and ketones. 
J. Aloy and C. Rabaut said that the presence of manganese oxide favours the 
saponification of benzoylated cyanohydrins by acetic acid. J. Fiedler found acid 
manganous oxalate is decomposed in light. G. Rauter found that when the 
monoxide is heated with silicon tetrachloride, manganous chloride, silica, and 
chlorine are formed. A. B. du Jassonnaix found that boron reduces the manganese 
oxides in an electric furnace. C. H. Burgess and A. Holt showed that the monoxide 
can dissolve in molten boric oxide — vide infra , manganous chloride and sulphate. 
L. Kahlenhcrg and W. J. Trautmann observed no reaction when a mixture 
of powdered silicon and manganous oxide is heated. For the reaction 
MnO-j Fe ~FeO+Mn, vide ferrous oxide. V. Maori studied the reducing action 
of salts of manganous oxide. He found that manganous sulphate completely 
precipitates the silver from a hot ammoniacal silver nitrate soln. The white 
precipitate formed by addition of the manganous salt to ammoniacal mercuric 
nitrate soln. turns grey and then brown on boiling, and, after treatment with 
sulphur dioxide soln. or an acidified soln. of a sulphite, leaves a heavy, brownish- 
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grey, pulverulent deposit, which is not dissolved by ail. nitric acid, but is readily 
attacked by the concentrated acid, with formation of nitrous fumes. When an 
ammoniacal soln. of copper and manganous sulphates is boiled, cuprous oxide is 
precipitated ; the supernatant colourless liquid gradually becomes blue in the air. 
The addition of ammonia to a soln. containing a cobalt and a manganous salt yields 
a precipitate of manganous hydroxide, which gradually becomes brown, not, how- 
ever, by direct reduction of the cobalt oxide, since the latter first undergoes peroxida- 
tion in the air, and then gives up its oxygen to the manganese, especially on shaking. 
No tests were made with gold or platinum, but the hydroxides of other metals are 
not oxidized by manganous salts. R. Schonek and II. Wosselkock studied the 
action of manganese oxide on the oxidation of nickel and cobalt at 900° in an 
atm. of carbon dioxide. G. Natta and L. Passerini observed that calcium oxide 
forms an incomplete series of solid soln. with manganous oxide. When 75 to 100 per 
cent, of calcium oxide is present, the space lattice has a -4-76 to 4*72 A., when the 
space-lattice of manganous oxide has a 4-71), and of calc ium oxide, o=4-415. When 
35 to 50 per cent, of manganous oxide is present, the value of a falls, and two series 
of solid soln. are formed ; and when 75 to 90 per cent . of manganous oxule is present, 
the solid soln. has a lattice with a- 1*42 to 4-48. Incomplete miscibility occurs with 
calcium and manganous oxides. L. Passerini made analogous observations with 
magnesium oxide, which forms two senes of solid soln. The mineral mangan - 
bruette, (Mg,Mn)0, was found by L. H Bauer and H. Berman to have the indices 
of refraction cu 1-59, and e - 1*60. F. de Carli found that lead dioxide at 250° to 
30() n oxidizes manganese oxide to a higher oxide. According to (4. Natta and 
L Passeriiu, and L Passer ini, cadmium oxide forms solid soln. with manganous 
oxide. Similarly, partial miscibility occurs with manganous oxide and cobaltous 
oxide, but incomplete miscibility with manganous oxide and nicbelous oxide. 
J. II. Andrew and co-workers studied the solid soln formed by mixtures with ferrous 
oxide. W. Biltz and co- workers obtained spinels, MnO.R 2 Os 3 with represented 

by alumina, ferric oxide, and chromic oxide. W. Biltz discussed the mol. vol. of 
Mn().Al 2 0 3 . G. L. Clark and co-workers found the lattice constant, a , of the spinels, 
manganese aluminate, chromite, and ferrite to be respectively 8-271, 8-436, and 
8-457 A. respectively. E. Dicpschlag and E. Horn investigated the action of the 
oxide on ferric oxide, and the formation of manganous ferrite. H. Pelabon and 
M. Delwaulle observed that when manganous oxide is added to a cone. soln. of 
mercuric chloride, manganese oxides — Mn 3 0 4 , Mn 2 0 3 , and Mn0 2 — and mercurouB 
chloride are formed. (\ Montemartini and A. Vcrnazza studied the reaction with 
soln. of chromic sulphate. 

L. J. Igelstrom found a hydrated manganous oxide, MnO.IIoO, or manganous 

hydroxide, Mn(OH) 2 , in white crystals occurring at Pajslierg, Filipstadt, Sweden ; 
and A. Sjogren obtained it at Langbanshytta, and Nordmark, Sweden. The mineral 
was called pyiocbroite— from irvp, fire, and xpo'a, colour - -in ullusion to its change 
of colour on ignition. The mineral has also been reported by L. J. Igelstrom, from 
Grythyttan, Ocrebro, Sweden ; by G. A. Kenngott, from St. Gallen, Switzerland ; 
and by J. I). Dana, from Franklin Furnace, New Jersey. The so-called t viserite 
of W. Haidinger was reported by D. F. Wiser to be a manganous carbonate, but 
G. A. Kenngott showed that it is the hydrated oxide. Analyses of pyrochroite 
were reported by L. J. Igelstrom, H. Sjogren, A. E Nordenskjold, and L. Stahre. 
P. Groth represented it by the formula Mn(0H) 2 , and H. Laspeyres regarded 
H 2 Mn0 2 as manganous acid or as hypomangavous acid. G. Aminotf described a 
rhombic modification of the Mn(OH) 2 which he found more or less altered in the 
limestone at Langban, Sweden ; and he called it backstromite —after H. Back- 
strom.. X-radiograms of the altered mineral show that it has more or 
less changed to pyrochroite. The rhombic crystals have the axial ratios 
a : 6 : c= 0-7393 : 1 : 0*6918. Some crystals have a good cleavage parallel to (010). 
Hydrated manganous oxide is formed as a white precipitate when alkali hydroxide 
is added to a soln. of a manganous salt. It is not soluble in an excess of alkali-lve, 
VOL. XII. Q 
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but is dissolved by ammonium chloride soln., and it gradually becomes brown on 
exposure to air. H. E. Patten observed that if precipitated from a soln. of man- 
ganous chloride and potassium sulphate, the precipitate is contaminated with 
adsorbed sulphate. E. Donath showed that the presence of glycerol, J . Lefort and 
P. Thibault the presence of gum arabic, and 0. Tamm tlie presence of sodium 
tartrate or citrate, or cane-sugar, hinder the precipitation. 

C. A. L. de Bruyn observed that; a soln. of colloidal manganous hydroxide is 
formed by treating a soln. of a manganous salt with alkali in the presence of gelatin, 
or albumen (A. Tnllat), nucleic acid (L. Sarason), or glycogen (L. Hugounenq and 
J. Loiseleur). W. Spring and 6. do Boeck, and W. Knaust obtained it by treating 
a soln. of potassium permanganate with sodium hyposulphite. 0. Fisseler pre- 
pared colloidal manganous hydroxide by adding the calculated quantity of man- 
ganese sulphate to a soln. of 3 grins, of sodium protalbinate or lysalbinate in 
water. By adding soda-lye, a milk-white turbidity is produced by the colloidal 
manganous hydroxide. This can be dialyzed, and evaporated over a water-bath at 
70°, and finally over sulphuric acid in vacuo. The scaly product forms a brown sol 
with water. Kaile and Co. also prepared the colloid in an analogous way — vide 
infra for K. C. Sen and N. R. Dhar’s observations. H. E. Patten observed that 
when alkali hydroxide is added to a soln. of a manganous salt, white, gelatinous 
manganous oxide is precipitated. The hydrated oxide adsorbs chlorides slightly 
and sulphates strongly, bo that chlorides are not adsorbed in the presence 
of sulphates. The fine state of subdivision of the colloid favours its oxidation to 
the hydrated dioxide, and, according to G. Bertrand, and A. Villiers, the hydrated 
dioxide again forms colloidal manganous oxide in the presence of reducing agents 
like hydroquinonc or gallic acid. The manganous hydroxido thus acts as an 
oxydase or oxygen -carrier in catalyzed reactions -e.g. the rapid drying of manganese 
oxide paints, varnishes, and siccatives— and A. Livacbe considers that the drying 
oil — e.g. linseed oil— plays the double role of protective colloid and oxygen-con- 
suming reducing agent. 

The hydrated oxide is partially precipitated by ammonia from soln. of man- 
ganous salts, and, according to C. Vincent, by dimethylaniline. H. Rose observed 
that tartaric acid hinders the precipitation by ammonia. According to W. Herz, 
a mixture of equal vols. of normal soln. of manganous sulphate and ammonium 
chloride in an atm. of hydrogen gives a cloudiness on the addition of about one and 
a half times the quantity of 0-1 iV -soln. of ammonia; the further addition of 
ammonia does not appreciably increase the precipitate, which is deposited after 
the mixture has remained for some hours. The reaction which takes place when 
manganous hydroxide is treated with soln. of ammonium chloride, nitrate, 
and sulphate in an atm. of hydrogen is expressed by the equation 
Mn(0H) 2 4 - 2 NH 4 CW 'M nCl 2 4 2NH 4 OH. The reaction does not follow the laws 
of mass reactionj and the results do not agree with those obtained by J. M. Lov£n 
for magnesium salts. The abnormal results are probably due to the combination 
of the manganese and ammonia to form complex cations. T. Curtius and 
F. Schrader found that hydrazine hydrate also precipitates the hydrated monoxide. 
H. W. Morse showed that there is evidence of a periodicity in the precipitation of 
the hydroxide. M. Parisolle and M. Laude discussed the joint precipitation of 
manganous hydroxide and alumina. W. Knaust studied the coagulation of the 
sol peptized by phosphoric acid. 

R. Lorenz obtained the hydroxide elcctrolytically using a platinum cathode, 
a plate of manganese as anode, and aq. soln. of alkali chloride, sulphate, or nitrate. 
A. C. Bccqucrel obtained tabular crystals of the hydrated monoxide by electro- 
capillary action between soln. of potassium hydroxide and manganous nitrate. 
E. Weinschenk, and A. Commaille prepared crystals of the hydrate by allowing 
manganous oxide to stand in contact with ammoniacal soln. According to A. de 
Schulten, artificial pyrochroito is produced by the following process : 

900 grim, of potassium hydroxide are dissolved in 500 c.e. of water, boiled for some 
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time in a flask through which a current ol hydrogen or coal gas is passing, and a recently 
boiled soln. of 15 to 17 grins, of crystallized manganous chloride in 15 o.o. of water is 
introduced by means of a funnel with a stopcock. Ilia flask is then heated" to about 160°, 
when the whole of the manganous hydroxide dissolves. As the liquid cools, it deposits 
crystallized manganous hydroxide, and becomes almost solid. The crystals are washed 
with recently-boiled water, alcohol, and ether, and dried at a gentle heat in a current of 
hydrogen. If sodium hydroxide is used, the precipitate doos not dissolve even in cone, 
soln. at 200°, but it becomes crystalline. 

Pyrochroite is white, but liecoracs bronze-coloured and then black on exposure 
to air ; thin pieces appear flesh-coloured in transmitted light. The mineral 
usually occurs foliated like brucifcc, and, according to G. Flink, it furnishes trigonal, 
tabular, or columnar crystals with the axial ratio a : c~ 1 : 1*3999 ; G. Aminoff 
go vc 1 : 4004, and added that it is isomorphous with brucite. The basal cleavage 
is complete. The crystals were studied by J. B«»ckenkamp. W. Knaust observed 
that the precipitated hydrogel is at first amorphous, but becomes crystalline with 
increasing age. The hydrosol coagulates in 30 minutes at 100°, in 90 minutes 
at 80°, and in 255 minutes at 60°. G. Aminofl found that the X-radiograms 
agreed with a space-lattice having the dimensions a— 3-34 A., C--4-68 A., and 
a : r- 1 : 1-40, and one mol. per unit cell. G. Natta discussed the isomorphism of 
the rhombohedral bivalent hydroxides from the point of view of the space-lattice, 
and the radius of the metal ions. G. Natta and L. Passenm studied the iso- 
morphism of the cadmium and manganous hydroxides. H. Sjogren studied the 
percussion figures and observed that the birefringence is strong and negative ; 
and the indices of refrac tion for red-light are to -1-723, and e 1-681. The pleo- 
chroism e* strong. A. de Sihultcii described the artificial crystals as flat timed, 
transparent, hexagonal prisms as with polychroite. The crystals have a reddish 
tinge The precipitated hydroxide' is while and flocculcnt. G. Natta and L. Pas- 
scrim observed the formation of solid soln of manganous and cadmium hydroxides 
by precipitation. A. de Sehulten gave 3-258 for the sp. gr. of the artificial crystals 
at 13° ; and H Sjogren, 3-2435 for the mineral crystals. P. Hausknecht found the 
magnetic susceptibility to be nearly 2J times that of manganous oxide, and 
P. Koechlin gave 3-3. The hardness is 2 to 3. H. le Cliatelicr gave for the heat 
of formation (Mn,0) - 90-8 Cals ; and (Mn,0,H 2 0) -= 94-7 Cals. J. Thomsen, 
94-8 CalR., and M Berthelot, 95-1 Cals. J. Thomsen gave for the heat of neutraliza- 
tion with sulphuric acid 26-48 Cals. ; hydrochloric acid, 22-95 Cals. ; nitric acid, 
22-95 Cals. ; and dithionic acid, 22-78 Cals. J. Thomsen also gave for the heat of 
oxidation of the hydrated monoxide to the hydrated dioxide, 21 -5J l Cals. F. Allison 
and E. J. Murphy studied the magneto-optic properties. 

J. Meyer and W. Gulbins found that when alkaline soln. of colloidal manganous 
hydroxide in gelatin arc exposed to air, oxidation to manganic oxide occurs in a 
few days; if a few drops of pcrhydrol be present, the 
oxidation does not go entirely to manganic oxide ; with 
ammoniacal soln. manganic oxide is formed ; and with 
potassium manganicyanide, manganic hydroxide is formed. 

Alkaline soln. of colloidal manganous hydroxide were 
completely oxidized to manganic oxide in five days. 

0. Saclrur and E. Fritzmann gave for the solubility pro- , 
duct [Mn'JOH] 2 — 4 X 10~ 14 , and H. T. S. Britton, * J, j~1 
l’3x 10 u . W. R. G. Atkins found that the precipitation 0 0 € io x fo so go 
of the hydroxide from a soln. of manganous chloride cc NaOHsoluboft 

occurred when the Il -ion cone, is liotween pn“^-6 and Fio. 46. — Electrometric 
9-2 ; and H. T. S. Britton, when pn - 8-85. The results Titration of a 8u1u- 
for the electrometric titration of manganous chloride ^ Manganous 

soln obtained by H. T. S. Britton with 0-9N-Na01T, and 

100 c.c. of O^ilf-MnCIg, at 18°, are summarized in Fig. 46. According 
to B. Sehrager, manganous hydroxide shows acidic properties. 

G. Aminofl observed that analyses of the mineral backstromite — vide supra — 
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show that the composition is nearer that of manganite. There is an excess of 
oxygen beyond that required for manganous oxide. The crystals represent double 
peeudomorphs, backstrdmite->pyiochroite->manganite. The compounds Mg(OH) 2 , 
Ca(OH) 2 , and Cd(OH) 2 form a trigonal series, and Ca(OH) 2 and Zn(OH) 2 * rhombic 
series. 

A. de Schulten said that the crystalline hydroxide furnishes grey manganous 
oxide when it is heated in hydrogen. The white, precipitated hydroxide turns 
brown in air, forming, according to R. Phillips, brown, hydrated dioxide ; and, 
according to W. Weldon, brown manganic hydroxide, or, in the presence of calcium 
hydroxide and chloride, calcium manganite. A. Gorgeu added that in the presence 
of water and an excess of manganous salt, it is rapidly oxidized to hydrated man- 
ganosio oxide, and then to hydrated manganic oxide. C. Engler and J. Weissberg 
found that some manganese dioxide and hydrogen dioxide are formed during the 
oxidation of manganous hydroxide. According to J. Meyer and R. Nerlich, 
manganous hydroxide in suspension or in colloidal soln. is oxidized by atm. air 
directly to manganese dioxide, .whilst complex manganous salts in ammoniacal 
or alkaline soln. are oxidized to manganic hydroxide. Manganous ions are not 
oxidized at all by atm. oxygen. Acceptors such as sodium sulphite or arsenifce 
had no influence on the velocity or course of the reaction. Manganous hydroxide 
precipitated by sodium, potassium, calcium, or barium hydroxide gave in each case 
manganese dioxide, but a soln. of manganous hydroxide in excess of ammonia in 
presence of ammonium chloride gave a precipitate of manganic hydroxide of a 
characteristic yellowish-brown colour- - vide infra, manganous chloride. The 
subject was studied by 1). Koszegi. 

A. de Schulten observed that when the crystalline hydroxide is heated to redness 
in air, the manganosic oxide which is produced retains the form of the original 
hydroxide ; and while crystalline manganous hydroxide alters very slowly in air, 
the oxidation proceeds rapidly in the presence of traces of alkali. The oxidation 
products were discussed by l3. Koszegi. W. Herz gave 0*6xl0~ 4 mol Mn(OH) 2 
per litre for the solubility of the hydrated oxide ; 0. Sackur and E. Fritzmann 
gave 2'15xl0~" 5 at 18°; and 0. Tamm gave 2xl0~ 4 . A. Quartaroli observed 
that the hydroxide has no influence on the decomposition of hydrogen dioxide 
by Bilver oxide. F. Muck observed that the hydrated monoxide is rapidly oxidized 
to the hydrated dioxide by chlorine, and bromine, while the oxidation is slow 
with iodine. Crystalline manganous hydroxide was found by A. do Schulten 
to dissolve readily in hydrochloric acid and in a soln. of ammonium chloride. 
R. H, Brett found that the soln. of manganous hydroxide, carbonate, or phos- 
phate gives no precipitate with hydrogen sulphide. C. Langlois found that 
periodic acid is reduced to iodic acid. J. B. Sendcrens observed that when the 
hydroxide is boiled with sulphur and water, manganous thiosulphate is formed ; 
and F. Muck noted that the fresh precipitate is easily transformed into manganous 
sulphide by ammonium Bulphide, and with difficulty by sodium sulphide. J. Meyer 
and W. Schramm studied the action of sulphur dioxide (q.v.). F. Kuhlmann 
observed no reducing action on nitric oxide. 0. Tamm found that the solubility 
of manganous hydroxide in a 0-5A r -soln. of sodium tartrate is 0*0068 mol per litre ; 
0'5N-Boln. of sodium malate, 0*0042 mol per litre ; and O'&JV-soln. of sodium citrate, 
0-0126 mol per litre. E. Donath said that the hydroxide is soluble in glycerol 
soln. ; and K. C Sen and N. R. Dhar observed that manganous hydroxide is not 
precipitated by alkali hydroxide from sob. containing sucrose, dextrose, lsevulose, 
galactose, lactose, mannose, dextrin, starch, or glycerol, probably owing to the pepti- 
zation of the hydroxide to form a colloidal soln. C. and A. Tissier found that boric 
acid soln. dissolve it, f< rming a liquid stable in air. J. Fust found that the hydrated 
monoxide is soluble in soln. of manganous chloride, and of calcium chloride. Accord- 
ing to K. Milberg, freshly -precipitated manganous hydroxide reacts quantitatively 
with copper sulphate, forming manganous sulphate and copper hydroxide. 
H. Pflabon and M. Dolw aulle investigated the action of mercuric chloride on man- 
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ganous oxide, and obtained products analogous to those obtained by the action 
of mercuric oxide on manganous chloride (<?.«.). R. Schenck and H. Wesselkock 
examined the accelerating influence of manganese oxide on the equilibrium between 
cobalt oxide and hydrogen. 
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§ 9. Manganosdc Oxide, or Manganese Tritatetroxide 

The schwarz Bravnstetnerz of A. G. Werner, 1 the schwarz Manganerz of 
1). L. G. Karsten, and the blditricher schwarz Braunstetn of J. F. L. H&usmann 
were called by W. Haidinger hausm&nnite — after J. F, L. Hausmann. It occurs 
near Jlmenau, Thuringia ; llefeld, Harz : Filipatad, Wermland ; Liitigban, Jakobs- 
berg, Nordmaik, and Grythytt&n, Sweden ; Framont, Alsace, etc. Analyses 
reported by K. Turner, W. V. Smitheringale, C. F. Rammelsberg, H. D. Miser and 
J 0. Fairchild, L. J. Igclstrom, and A. Gorgcu are m agreement with the formula 
for manganosic oxide, Mn0.Mn 2 0 3 — that is, manganese tritatetroxide, Mn 3 0 4 . 
Similarly with analyses of the artificial product reported by J. A. Arfvedson, 
.7 J. Berzelius, T Bergman, G. Forchhammer, E. K. Schneider, and M. Schaffner, 
J\ Berthier regarded this oxide as r compound, 2MnO Mn0 2 , on account of its 
behaviour towards cone, nitric acid ; and It. Hermann adopted a similar hypothesis 
because Mn 3 (> 4 and Fc 3 0 4 are not isomorphous ; and the hypothesis was favoured 
by C. F. Kammelsborg, and B. Franke. H. Laspoyrcs regarded it ms a salt of the 
arid H ]0 Mn() 8j namely, Mn 5 Mn() H . A. Gorgcu at first adopted P. Berthier’s hypo- 
thesis, but later, in view of 0. T. Christensen's observation that dll. acetic acid 
splits the oxide into manganous and manganic acetates, and H. ltose's observations 
on the action of a soln. of ammonium chloride, he regarded it as manganous hypo- 
mangamtv, Mn0.Mn 2 0 3 , or Mn(Mn0 2 ) 2 . II. I). Miser and J. G. Fairchild represented 
it by the formula Mn 2 Mn0 3 . P. Groth, and several other writers also regard it as 
a salt of orthomanga nous acid , H 4 Mu0 4 , namely, Mn 2 (Mn0 4 ), or manganous ortho- 
mangamte . J. Meyer and It. Kanters- -inde supra — showed that Mn 3 0 4 is better 
regarded as MnO.MngOg, than as 2MnO Mn0 2 

Manganese tritatetroxide is formed when manganese oxidizes in air at ordinary 
temp., and more rapidly when heated in oxygen . Ibe powdered metal oxidizes with 
a glow. Manganous oxide glows when heated in air, forming this oxide, and it is 
also formed, according to H. "V. Begnault, when manganous oxide is heated in 
steam. The higher oxides of manganese form the tritatetroxide when strongly 
heated. T. Sidot obtained crystals of the oxide in this way. W. Blitz represented 
the reaction by the equation: 6Mn 2 0 3 -4Mn 3 0 4 \ Cals., and found for 

the press, of the oxygen, p atm., at different temp. : 

8S7° 040° 3007° 10D0 B 1127° 

p . . 0045 0-21 0-42 1 00 2 60 

This subject was examined by P. Askenasy and S. Klonowsky, C. R. Fresenius, 
L. Wohler and 0. Balz, C. Friedheim, and F. A. Gooch and M* Austin- -vide infra, 
manganese hemitrioxide. C. R. A. Wright and A. P. Luff, I. L. Bell, and 
C. It. Fresenius also observed that tho tritatetroxide is formed when manganous 
carbonate or hydroxide is vigorously heated in air ; and J. L. Lassaigne obtained 
0 similar result with manganous oxalate. J. Volhard obtained it by heating a 
mixture of mercuric oxide and manganous chloride. Crystals of the tritatetroxide 
are formed, according to H. St. C. Deville, when the amorphous oxide is heated 
to redness in a slow current of hydrogen chloride. C. von Hauer obtained the 
crystals by heating ammonium manganous chloride or a mixture of ammonium 
chloride and manganous oxide in air ; H. Debray, by strongly heating a mixture 
of manganous and potassium sulphate ; A. Daubree, and H. Debray, by heating 



232 INORGANIC A^ND THEORETICAL CHEMISTRY 

manganous chloride in steam ; A. E. Nordcnskjold, by heating the amorphous 
oxide with borax ; F. Kuhlmann, by roasting a mixture of calcium chloride and 
manganous oxide ; P. Ebell, by heating the oxide with glass on cooling the 
manganese tritatetroxide separates out in crystals ; and L. Bourgeois, by heating 
a mixture of manganese dioxide and silica. F. Kuhlmann also observed crystals 
of this oxide as a furnace product. 

Hausmannite occurs granular and massive, as well as crystalline, and its colour 
is brownish-black with a chestnut-brown, or, according to J. L. C. Schroder van 
der Kolk, a reddish-brown streak. Hence it is also called red oxide of manganese. 

O. Miiggc said tha+ in very thin layers the colour is deep brownish-red. W. Biltz 
discussed the colour of the derivatives of this oxide. The tetragonal crystals were 
found by W. Haidinger to have the axial ratio a : c=l : 1*1743 ; G. Flink gave 
1 : 1-1573, and V. Goldschmidt, 1 : 1 *1554. The habit is usually octahedral , the 
(113)-faces are usually bright and smooth, the (lll)-face striated, and the 
(111) : (113)-edgc, dull. Twinning occurs about the (lOl)-plane, and the twinning 
may be repeated to fivelings. The (001) -cleavage is nearly perfect, but the (101)- 
and (lll)-cleavages are indistinct. The crystals were also examined by H. Dauber, 

J. Orcel and S. Pavlovitch, and R. Koechlin. M. L. HugginR examined the struc- 
ture by the X-radiogram method. G. Aminoff found that the X-radiograras of 
the crystals agree with the assumption that the space-lattice is body-centred and 
tetragonal, with a— 5*75, and c=~9*42 A., or face-centred, with o=8T4, and c=9*42 
A. There are eight mols. of Mn(Mn 2 0 4 ) per unit cell. The general structure 
resembles that of magnetite, except that the axial ratio is a : c-^-1 : 1-16 instead of 
1 : 1. W. V. Smitheringalc discussed the X-radiogram, and the etching of the 
mineral with different etching liquids ; G A. Thiel also discussed the action of 
various reagents — hydrochloric and sulphuric acids, hydrogen dioxide, and soln. 
of ferrous and stannous chlorides. 8. Holgersson observed no evidence of a cubic 
form. 

C. F. Rammelsberg gave 4*856 for the specific gravity of hausmannite ; W. Hai- 
dinger, 4*722; and A. Gorgon, 4*91. For the artificial oxide A. Gorgeu gave 
4*80 ; L. Playfair and J. P. Joule, 4*325 to 4*746 ; and C. F. Kammelsberg, 4*718 ; 
and for the dispersed oxide H. P. Walmslcy gave 4*709. The hardfiftM of haus- 
m&nnite is 5*0 to 5*5. The coeff of cubical thermal expansion was found by L. Play- 
fair and J. P. Joule to be 0*00522 between 0° and 100°. E. Jannettaz made obser- 
vations on the relative heat conductivity of the crystals in different directions. 

P. E.W.Ocberg gave 0*1520 for the Spedflc heat. R. W Millar found the molecular 
heat of manganosic oxide, Mn 3 0 4 , to be : 

— 200 8 ° -100 4 ° - 1211 ° -72 6 ° - 20 - 6 ° - 15 ° 92 2 ° 

C p . 9*725 13*02 22 14 27-37 31*28 32-45 33*46 

The results are plotted in Fig. 36. J. Maydell studied the mol. ht. O. Spezia 
observed that hausmannite melts to a black enamel in the gas-flame fed with warm 
air ; and O. Mugge observed that no oxygen is given off or absorbed between 940° 
and 1300°. H. von Wartenberg and W. Gurr gave 1705° for the melting-point. 
M. Bert helot, and 11. le Chatclier both found the heat Of formation to be (3Mn,20 2 ) 
=328 Cals. ; D. Muller, and W. A. Roth, 345 Cals. ; and 0. Ruff and E. Gersten, 
329 Cals. A. Simon and F. Fehcr gave (6Mn0 l 0 2 )=72 Cals. ; R. W. Millar gave 
35*73 for the entropy of Mn 3 0 4 ; and for the reaction 3Mn+ 20 2 =:Mn 2 0 4 he gave 
the change of entropy — 84*6 at 25°, and for the change of free energy, —302,800 
cals. E. S. Larsen gave for the indices of refraction co-2-46, and e=2*15. The 
crystals arc not pleochroic and the optical character is negative. R. D. Harvey 
examined the electrical conductivity. T. W. Case observed no change in the 
electrical conductivity on exposure to light. W. Flight observed no thenioeleotrie 
current with hausmannite. E. Wedekind and C. Horst found the magndtto 
ausoeptillility to be 65*5 xl0“* mass unit at 15*5°. E. Feytis found 74*3 xlO"*. 

K. Honda and T. Sone found that the magnetic susceptibility, ^ x 10®, changes 
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abruptly with temp, at 1080°, corresponding with the passage of mangonosic 
oxide to manganous oxide : 


— 175 ° - 99 ° 20 " 304 ° 559 " 794 " 1080 " 1198 " 

X X10" . 1260 70-0 65-8 40*7 33 3 28-2 26-0 24*7 


J. Meyer and R. Ranters observed that the chemical behaviour of manganosic 
oxide favours the view that the manganese in it is tervalent, and that the oxide 
is to be regarded as Mn0.Mn 2 0 3 , rather than as 2Mn0.Mn0 2 . When manganosic 
oxide is heated to redness in hydrogen, it is reduced to manganous oxide (g.v.). 
According to W. Muller, when manganese dioxide is heated in hydrogen at 262°, 
it forms Mn 3 0 4 ; and, according to H. Moissan, the artificial dioxide in dry hydrogen 
at 230° passes into Mu 2 0 3 , and at a higher temp, into MnO. W. Miiller said 
that the action with Mn 3 0 4 begins near 330°, and progresses slowly at 360°, 
while C. R. A. Wright and A. P . Luff found that the reduction of the amorphous 
oxide begins at 255 u ; and F. Glaser found that manganese dioxide passes into 
mangAnosic oxide in hydrogen, and at 296° it passes into manganous oxide. 
E. R. Schneider found that when heated in oxygen, manganosic oxide passes into 
manganic oxide, and, added A. Gorgeu, this occurs the more easily the finer the 
state of subdivision ; the oxidation begins at 170° and involves the intermediate 
formation of 2Mn0.3Mn0 2 . A. Gorgeu, and M. Martinon also studied the action 
of hydrogen dioxide — vide infra , manganese dioxide. F. J. Otto observed that 
when heated with hydrochloric acid, manganous chloride and chlorine are formed. 
H. Rose observed that a hot soln. of ammonium chloride dissolves manganous 
oxide, leaving a residue of manganic oxide, while when manganosic oxide is heated 
with ammonium chloride, manganous chloride is formed. H. Rose also observed 
that when heated with sulphur in hydrogen, manganous sulphide is formed. 
I'. W. Davis studied the action of sulphurous acid. E. Turner found that when 
treated with boiling sulphuric add (1 : 11), a soln. of manganous sulphate and 
nearly the theoretical proportion of manganese dioxide — Mn 3 0 4 =2Mn0 + Mn0 2 — 
are formed — vide infra , manganosic sulphate. G. Forclihammer found that with 
hot, cone, sulphuric acid, oxygen and manganous sulphate are formed ; and when 
heated with potassium hydrosulphate, 100 parts of manganosic oxide give 7-566 
parts of oxygon theory fur Mn 3 0 4 =-3MnG+0 corresponds with 7 parts of oxygen. 
According to F. Bertbier, and G. Forchhammer, boiling cone, or dil. nitric add 


extracts manganous oxide, and leaves manganese 
dioxide, in accord with Mn s 0 4 =2Mn0+Mn0 2 . 

The influence of mercury on the action was 
studied by J. Meyer and R. Ranters : Mn 3 0 4 
+ 2Hgd 8HN 0 3 — 2HgN 0 3 f 3Mn(N0 3 ) 2 +4H 2 0. 

H. Rose found that when treated with syrupy 
phosphoric add, manganic phosphate iB formed. 

K Berthier found that manganosic oxide is re- 
duced to the metal when it is heated to a high 
temp, with carbon. F. Fischer and F. Bangert 
observed that methane reacts with the oxide at 
800° to 1000° to form a carbide. A. Kutzelnigg 
observed that a soln. of potassium ter ocy a nide 
is oxidized by manganosic oxide. The trita- 
tetroxide is reduced when heated with carbon 
^M^WWddej forming manganous oxide (q,v .) — 

I. L. Bell said that the reaction occurs at the 
ja.p. of zinc ; 0. R. A. Wright and A. P. Luff 
found that the action begins at 240°. O. T. Chris- 
tensen found that acetic a dd attacks the calcined oxide the less the stronger 
the acid, and at 100° the acetic acid forms a mixture of manganous and manganic 
acetates. H. C. Bolton found that citric add attacks hausmannite, and if 



Fig. 47. — The Melting-Point Curve 
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•tasshnn iodide ia present, a brownish-red soln. is formed. W. Thomson and 
*■. Lewis studied the action on indiarobber. H. von Wartcnberg and W. Out* 
found that dnoniA reacts with manganosic oxide, MnyO*, as summarized by the 
m.p. curve, Fig. 47. According to J i. Wagner, when manganosic oxide is heated 
with carbonate and nitrate out of contact with air, nitric oxide is given oil : 
6Mn 3 0 4 +2KN0j -'9Mn20 3 4'K; i 04 2NO ; the product does not form a green colour 
when dissolved in dil. soda-lye. 

Manganosic oxide dissolves in hot, cone, phosphoric acid, hot acetic acid, and 
cold, cone, sulphuric, hydrochloric, oxalic, or tartaric acids without neutralizing the 
acid. The soln. in phosphoric and sulphuric acids are columbine-red, and those 
in the other acids are daik brown. The liquids probably contain a mixture of 
manganic and manganous salts. Heating, diluting with water, or treating with 
reducing agents transforms the soln. into that of a manganous salt. If the soln. 
in acid be treated with potash-lye, what has been regarded as hydrated manganosic 
oxide is precipitated. According to F. J. Otto, when an ammoniacal soln. of 
manganous chloride containing ammonium chloride is treated with an excess of 
freshly-precipitated hydrated manganese dioxide, and the soln. gradually heated, 
a yellowish-brown hydrated manganosic oxide is precipitated. 0. T. Christensen 
prepared it by a similar process. According to F. J. Otto, a similar product is 
obtained when ammonia is added to an ammoniacal soln. of manganous chloride, 
containing ammonium chloride, which has been exposed to the air for a long time. 
It is also formed by the action of an ammoniacal soln. of ammonium sulphite on 
hydrated manganese dioxide — the reaction is slow in the cold, but rapid if heated. 
A. Gorgeu obtained it by shaking a soln. of a manganous salt with alkali in air ; 
C. F. Rammelsberg, by allowing a soln. of a manganous salt to stafid exposed to 
air for a long time ; and H. Schjerning, by the action of a mixture of sodium sulphide 
and thiosulphate on potassium permanganate. K. Lorenz made the hydrated 
oxide by electrolyzing an aq. agitated soln. of sodium chloride, sulphate, or nitrate 
with a platinum cathode and a manganese anode. 

The yellowish-brown product has a slight tinge of red. F. .1. Otto added that 
it is not altered by a boiling soln. of ammonium chloride, but it is decomposed by 
dil. acids into a manganous Balt and brownish-black hydrated dioxide. According 
to 0. T. Christensen, the colour of the precipitated hydrated oxide may be yellow, 
brown, reddish-brown, or chocolate-brown, according to conditions of formation. 
A. Gorgeu obtained it as a chocolate-brown crystalline mass, and found that dil. 
nitric oxide yields two-thirds of the manganese as manganous nitrate and one-third 
as hydrated dioxide. The air-dried hydrate contains 3*5 to 27 per cent, of water, 
and that dried in vacuo has 2-5 to 7 per cent, of water. J. Post found that if 
hydrated manganosic oxide be heated 15*5 his. to 250° to 300°, it takes up oxygen 
to form manganic oxide. 

L. L. Fermbr described a mineral from Beldongu, Central Provinces, India, 
and called it vredenbugito. Its composition approximates 3Mn 3 04.2Fe20 3 . It 
forms brownish-black or chocolate-brown octahedral or tetragonal pyramids of 
sp. gr. 4*74 to 4*84 and hardness 6*5. The mineral rantieite, or rancierite, a hydrated 
manganese oxide from Rancie, Arifege, France, was described by A. Leymerie, and 
A. Lacroix, and was probably the manganese argentin of R. J. Haiiy. According 
to J. 0. Haas, that from Lacampe, Aude, France, has the formula MnQ2.2UnO.2H2O, 
with some bivalent manganese replaced by lime, ferrous iron, or alkalies. The 
sp. gr. is 3*25 to 3*30. 
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§ 10. Manganic Oiide, or Mangineac Hemitrioadde 

The mineral braunite — named after M. Braun — was described by W. Hai 
dinger 1 ; it was called Haribraunstein by J. F. L. Hausmann ; marceline , by 

F. S. Beudant; Heterokline , by A. Breithaupt ; and leptonematite and pesiUite, by 
M. Adam. It occurs near Ilmen&u, and Elgersburg, Thuringia : Ilefeld, Harz ; 
St. Marcel, Piedmont ; at Elba ; at Botnedal, Norway ; at Jakobsberg, Langban, 
Orytjiyttan, and Glakarn, Sweden , Vizianagram, Bimlipatam, etc., in India ; and 
in the Wellington district, etc., in New South Wales. Analyses were reported by 
C. F. Rammelsberg, F. Buckeisen, H. Rose, J. J. Berzelius, P. Berthier, A. J. Scott, 

F. R. Mallet. G. Flink, C. von Evreinoff, W. Elderhorst, A* A. Damour, T. Scheerer, 
E. Turner, E. Schweizer, G Meneghini, B. Jezek, A. Gorgeu, A. Liversidge, and 
L. L. Fermor. Braunite is usually associated with silica, and C. F. Rammelsberg 
represented it by the formula 3Mn 2 0 3 .MnSi0 3 , and later gave MnO.(Mn,Si)0 2 . 
A. Gorgeu regarded it as a salt with the general formula R0(Mn,Si)0 2 ; whilst 

G. Flink, and L. L. Fermor represented it by the formula mRMnOs .nRSi0 3 where 
fw : n is usually between 4 : 1 and 3:1; R is mainly Mn. E. Turner probably 
overlooked the presence of silica, and represented bTaunite by the formula Mn 2 0 3f 
but R. F. Penrose, and G. Meneghini reported samples respectively from Arkansas 
and Elba to be virtually free from silica. F. von Kobell regarded the silica as a 
non-essential constituent of braunite. R. Hermann regarded the mineral as a 
compound Mn0.Mn0 2 , and this is in agreement with E. Turner^ observations 
that dil. acids decompose the mineral into a mixture of MnO and MnO*. G. Rose 
pointed out that braunite appears to have a constitution different from that of 
artificial manganese hemitrioxidc, which can replace alumina and ferric oxide in 
epidote and manganic alum, while braunite seems to behave like a salt. 
0. T. Christensen regarded braunite as a sesquioxide, but H. Laspeyres supposed 
it to be a manganese salt of orthomanganous acid, H d MnO e , namely, Mn 3 Mn0 6 , 
and P. Groth considered braunite to be a salt of metamanganous acid, H 2 Mn0 3 , 
namely, MnMn0 8 , mixed with more or less metasilicate, MnSi0 3 . The artificial 
oxide was analyzed by G. Forchhammer, J. A. Arfvedson, H. Davy, J. F. John, 

H. Moissan, and E. R. Schneider ; and J. Meyer and R. Ranters showed that it 
contains tervalent manganese. 

According to J. R. Blum, braunite occurs in nature in pseudomorphs after 
monganite. S. Meunier prepared black, octahedral crystals with a brown streak 
by melting manganese dioxide with cryolite — some corundum, and manganese 
aluminate are formed at the Bame time. According to J. J. Berzelius, and R. Her- 
mann, manganese hemitrioxide is formed when manganese dioxide or manganous 
nitrate in heated to dull redness in air. E. R. Schneider obtained the hemitrioxide 
by heating the dioxide, the tritatetroxide, or the monoxide in oxygen. W. Dittmar 
found that at the temp, of a bunsen flame manganese tritatetroxide is the main 
product. C. F. Rammelsberg obtained the hemitrioxide by heating manganite 
at dull redness, and L. Carius by heating artificial manganic hydroxide. 
W. Biltz represented the reaction with manganese dioxide by the equation : 
4Mn0 2 ^2Mn 2 03+0 2 — 30-9 Cals., and he found for the press, of oxygen, p atm., 
at different temp. : 

477* 530" 687" 

p . . . 0 066 0-21 1 00 1-20 

R. J. Meyer and K. Rotgers found that the reactions Mn 0 2 ^Mn 2 0 3 ^Mn 3 04 are 
reversible, and that manganese dioxide passes into the hemitrioxide at 530° in 
air and at 565° in oxygen ; while manganese hemitrioxide passes into the trita- 
tetroxide at 940° in air and 1090° in oxygen — vide supra , manganese trita- 
tetroxide. These observations are not fully in agreement with those of P. Askenasy 
and S. Klonowsky, discussed in connection with manganese dioxide. H. Moissan 
observed that the artificial dioxide in dry hydrogen passes into the hemitrioxide 
at 230°. R. Bunsen and G. Krieger observed that when precipitated by means of 
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sodium carbonate from a mixed soln. of a manganous salt and a copper, calcium, 
strontium, barium, magnesium, zinc, cadmium, lead, or bismuth Balt, and the 
washed precipitate is calcined in air, the manganous hydrate is converted into man- 
ganese hemitrioxide ; and A. Classen obtained a similar result when a mixed pre- 
cipitate of zinc and manganese oxalates is similarly treated. 

J. Meyer and R. Ranters observed that precipitated manganic oxide is more 
reactive chemically before it has been calcined ; this is shown by its solubility in 
a soln. of ammonium chloride. M. Berthelot observed that dry manganous iodide 
bums like tinder when heated in oxygen, forming iodine and manganese hemitri- 
oxide ; and manganous bromide behaves in an analogous manner at a dull red-heat. 
M. Berthelot found that dry manganous chloride forms the hemitrioxide when 
heated in dry oxygen ; and D. C. Knab obtained a similar result by heating the 
chloride in air. According to C. M. Tessie du Motay, when Bteam is passed over 
an alkali manganate at 450°, oxygen is given off and a mixture of alkali hydroxide 
and manganese hemitrioxide remains. 0. Michel and E. Grandmougin found that 
when manganese dioxide is heated in ammonia gas, nitrogen, water, and the hemi- 
trioxide are formed. C. Lepicrre observed the formation of the hemitrioxide when 
manganous carbonate is heated with molten potassium nitrate ; and W. Spring 
and M. Lucion, when a mixture of barium dioxide and manganous chloride is 
triturated in a mortar. H. B. Weiser and G. L. Mack prepared an organosol of 
manganic; oxide in propyl alcohol. 

Braunitc occurs massive and also crystalline. The colour is dark brownish- 
black to steel-grey. W. Biltz discussed the colour of the derivatives of this oxide. 
W. Haidinger found the crystals to be tetragonal, with the axial ratio a : c-==l : 0-9850, 
and the habit is octahedral, with the angles nearly isometric : G. Flink gave 
a : c— 1 : 0*99218. M. J. Schuster regarded the crystals as rhombohedral with a 
tetartohedral development, but this is doubtful. The (OOl)-faces of the crystals 
are faintly striated ; the (221)-faces are uneven and striated ; and the (421)-faces 
are smooth and even. Twinning occurs about the (lOl)-planc ; the (lll)-cleavagc 
is perfect. M. L. Huggins examined the structure by the X-radiogram method. 
1\ E. Wretblad found that the cubic crystals have a- 9-391 A. G. Aminoff, and 
W. V. Smitheringale discussed the X-radiograms, and the action of various etching 
reagents. G. A. Thiel also studied the action of various reagents — hydrochloric and 
sulphuric acids, hydrogen dioxide, and soln. of ferrous and stannous chlorides. The 
crystals were examined by G. vom Rath, J. Orcel and S. Pavlovitch, A. Schmidt, and 
G. Flink. C. Drucker and R. Hiittner made some observations on the X-radio- 
grams. W. Zachariasen found the X-radiogram corresponds with the rhombohedron 
with hexagonal axes of the corundum type of space -lattice with a — 9*41 ; and in 
bixbyite , (Fe,Mn) 2 0 3 , a— 9-35 A. The oxygen atoms are distant 2-10 A., and in 
bixbyite, 2*08 A. P. E, Wretblad gave for the cubic oxide a=9-391 A. The Hp. gr. 
of braunite is 4-75 to 4-82 ; S. Pavlovitch gave 4-81 ; and for the black hemitrioxide 

O. F. Rammelsberg gave 4-325 ; and K. S. Rao, 4-22 to 4-8. The hardness 
of braunite is 6-0 to 6-5. »S. Pavlovitch found that braunite, in nitrogen at 1190°, 
formed minute crystals, and at 1400°, in 4 hrs., 2-78 to 3 80 per cent, of oxygen was 
evolved. E. Jannettaz compared the thermal conductivity in different directions 
of the crystals, and obtained an isothermal ellipse with an eccentricity of 0-85. 

P. E. W. Oebcrg found the sp. ht. to be 0-1620 between 15 p and 99°. If the hemi- 
trioxide lie strongly heated, G. Forchhanimer, and R. Hermann found that it 
loses 3*05 to 3*50 per cent, of oxygen and passes into the tritatetroxide. A. Gorgeu, 
W. Dittmar, W. Biltz, and R. J. Meyer and K. Rotgers made observations on this 
subject — inde supra. A. Simon and F. Felier gave for the heat of formation 4Mn 3 0 4 
-f 0 2 -> 6 Mn 2 034 54 Cals. C. Doelter snid that braunite is opaque to the X-rays. 
W. Flight observed a therm oelectric current. L, L. Fermor found that Indian 
braunite ib magnetic, and if a high proportion of iron is present, the magnetism is 
strong. K. S. Rao found that braunite is paramagnetic ; and it has an axis of 
minimum magnetize bility. R. D. Harvey examined the electrical conductivity ; 
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and E. Diepschlag and F. Wulfestieg, the high temp, conductivity of matures 
with magnesia, alumina, and silica. E. Wedekind and C. Horst found the magnetic 
susceptibility to be 41*99x10"® mass unit. K. 8. Rao gave 0-4x10“* for the 
maximum susceptibility. There is an axis of maximum symmetry with a perpendi- 
cular plane in which the susceptibility is independent of orientation. Along the 
axis of symmetry the susceptibility is a minimum, and in the plane a maximum ; 
the difference is about 2 per cent. K, Honda and T. Sone found that the change 
of magnetic susceptibility, ;(XiO®, with temp, undergoes a transition about 933° 
as manganic oxide passes to manganosic oxide : 

-184° -90° -4° 21° U0° 388° m 9 028° 000 * 

xxio 1 . . 1500 99-2 730 690 584 42-9 33-8 27-9 27-7 

The hemitrioxide was found by W. Muller to be reduced to manganous oxide by 
hydrogen at a red-heat ; S. Hauser found the reduction occurs between 243° and 
262° ; and F. Glaser said that at 230° it is reduced by hydrogen to the trila- 
tetroxide. O. T. (Tmstensen obtained similar results with other reducing agents. 
For M. Martinon’s observations on the action of hydrogen dioxide, vide infra , 
manganese dioxide. O. T. Christensen found that when the oxide is heated with 
hydrochloric acid, it forms manganous chloride, with the evolution of oxygen ; it 
dissolves in hot, cone, sulphuric acid with the evolution of oxygen, and, according 
to E. Tumor, it also dissolves in boiling, dil. sulphuric acid. K. Thaddeeff found 
that the native manganese oxides give a violet colour when heated with cone, 
sulphuric acid diluted with its own vol. of water. V. Berthicr observed that with 
boiling nitric acid part of the manganese passes into soln. as manganous nitrate, 
and part remains undissolvcd as manganese dioxide. O. T. Christensen found 
that when the hemitrioxide is treated with dil. sulphuric or nitric acid, half the 
manganese passes into soln. ; but, according to J. Meyer and It. Ranters, if mercury 
be present : Mn 2 0 8 + 2 Hg+ 6 HN 03 = 2 HgN 0 :j f 2Mn(N(y 2 -f 3H z O. Calcined 

manganese hemitrioxide is only slightly attacked by acetic acid. W. Heintz found 
that with phosphoric acid manganous phosphate is formed. W. H. Coglull and 
J. B. Clemmer studied the soap flotation of the manganese oxides. 

In 1772, J. B. L. Rome dc l’lslc 2 described the crystals of a mineral which he 
called manganaire cristallisee ; and in 1804, R. J. Hauy described it as manganese 
oxyde rnetalloide ; while A. G. Werner, L. A. Emmerling, and M. H. Klaproth called 
it Graiibraumteinerz ; J. F. L. Hausmann, Graubraumiein ; D. L. G. Karsten, and 
C. C. von Leonhard, Gravmanganerz ; A. Breithaupt, Glanzmanganerz ; C. Hart- 
mann, Braunmanganerz ; F. A. Quenstedt, Braunmangan ; F. Mohs, and R. Jame- 
son, prismatoidal or prismatic manganese ore ; W. Haidinger, mang&nite ; 
F« 8. Bcudant, acerdhe — from aKepSrjs, unprofitable — in allusion to its being of 
little value as a bleaching agent for glass * and T. Thomson, newkirkite from 
Neukirchcn, Alsace. Manganite occurs in Cornwall, Cumberland, Devonshire, 
and Somerset, England ; Aberdeenshire, Scotland ; Ross and Dublin, in Ireland ; 
Piedmont. Emilia, Bologna, Ravenna, Scandiano, Tuscany, and Sardinia, Italy ; 
Alemtejo, Portugal ; Estremadura, Jacn, Huelva, Aragonia, Tcrnel, Zamora, and 
Asturia, Spain ; Hautcs-Pyren6ea, Arifege, Pyrenee>s-Orientales, Audc, hfere, Vosges, 
Mayenne, and Basses-Pyr£n6cs, France ; Ilefeld, Harz ; Ilmenau and Oehrenstock, 
Thuringia ; Undenaes and Langban, Sweden ; Christiansand, Norway ; fiogoslowsk 
and Jekaterinburg, Urals ; Transcaucasus ; Ownni, Japan ; Capo Colony and French 
Congo. Africa ; Santiago, Cuba ; Tarapaoa, Chili ; Tarrna, and Bongara, Peru ; 
Negaunee, Michigan; Douglas Co., Colorado; Nova Scotia, New Brunswick, 
Gloucester Co., King's Co., and Restigouche Co., Canada ; Victoria. Analyses of 
the mineral by L. Gpiclin, E. Turner, C. F. Rammelsberg, A. Gorgcu, 0. M. Kersten, 
V. Sevoz and J. Breuilhs, J. A. Arfvedson, W. H. Hobbs, H. How, C. W. Blom- 
strand, C. C. von Leonhard, L. 0. Beck, G. Dupouy, and F. Kovar correspond 
approximately with hydrated manganese hemitrioxide, Mn 2 G 3 .H 2 0, or H 2 Mn 2 0 6 . 
The so-called manganese ochre found by G. de Geer in the neighbourhood of Upsala 
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is an impure hydrated hemitrioxide or tritatetroxidc ; and likewise also a deposit 
found by G. di Boccard in the neighbourhood of Eugania. When the artificial 
product is dried at 100° B. Franke, and J. Meyer found that it approximates in com- 
position to Mn 2 0 3 .H 2 0. H. Laspeyres regarded manganite as a derivative of a 
hypothetical acid, H 10 MnO g — namely, H 4 Mn a Mn0 8 or 2 H 2 Mn 2 04 with bivalent 
manganese ; P. Groth represented it as a derivative of Mn(OH) 3 by the loss of 
water to form MnO(OH), and W. W. Cohlentz’s observations on the ultra-red 
sjiectrum showed that the absorption band of hydroxyl is present but no water 
bands. 0. F. Rammelsberg found that, unlike braunitc and hausmannite, man- 
ganito is not decomposed by cone, nitric acid, and concluded that it is a true 
sesquioxidc like geothite and diaspore. On the contrary, A. Gorgeu found that 
boiling nitric acid acts on the finely-powdered mineral, converting half the manganese 
into manganous nitrate and half into hydrated manganese dioxide ; hence he wrote 
the formula Mn0.Mn0 2 .H 2 0. B. Franke also found that the artificial oxide with 
dil, sulphuric acid forms a manganous salt and hydrated manganese dioxide : 
Mn : 0 2 : Mn : (OH) 2 -( H 2 N() 4 ~MnK 04 f II 2 () ~| (HO) 2 MnO, and he therefore re- 
garded it as being constituted with bi- and quadrivalent manganese : 


Mn 


/ 0 \ 

\ 0 / 


Mn 


/OH 

sOH 


M. Sem discussed this subject ; and he supposed that there are two classes of 
manganic salts, distinguished by their colour violet and brown -but J. Meyer 
said that this is not right, because manganic Halts exist in soln. in various colours — 
violet, brown, red, dark green, and olive-green ; and the whole of these differently 
coloured soln. have practically identical absorption spectra. F. Hebler regarded 
the artificial hydrate -variously written Mn 2 0 3 .H 2 0, Mn0 2 (II0) 2 , and HMn0 2 — 
to be hydrogels ; but F, Wilbom considered natural manganite to be a definite 
compound. 

L Carius obtained hydrated manganese hemitrioxide by heating to 138° finely- 
divided, artificial manganese dioxide with cone, sulphuric acid, mixmg the soln. of 
manganic sulphate in sulphuric acid with an excess of water, and washing the 
resulting precipitate with water. B. Franke obtained it by the action of dil. soda- 
lyc on a soln. of potassium manganic sulphate. It is not certain what are the pro- 
ducts obtained by P. Bertliicr by the action of chlorine, not in excess, on manganous 
carbonate suspended in water, and by R. Hermann by passing air through a soln. 
of a manganous salt in ammoniacal ammonium chloride. According to F Kuhl- 
mann, in a furnace for calcining the residue in the manufacture of chlorine from 
manganese dioxide and hydrochloric acid, when mixed with limestone, black 
crystals of manganese tritatetroxidc were obtained, which, according to A. des 
Oloizeaux, are pseudomorphs after manganite. According to C. M. Kersten, crystals 
of manganite are formed in the thermal springs of Carlsbad ; and, according to 
R. W. Townsend, and J. Noggcrath, they arc likewise formed in the thermal springs 
of Cape Colony. According to A. Anargyros, what was probably colloidal manganic 
oxide was obtained by reducing potassium permanganate by sodium arsenibe at 
63° to 70°. The brown colloidal soln. can be kept for over a month ; it liberates 
oxygen from hydrogen dioxide- —more rapidly in alkaline than in neutral soln. 
H. B. Weiser and G. L. Mack prepared an organosol with propyl alcohol. 

Manganite occurs in columnar and, more rarely, in granular masses ; it also 
occurs in stalactic masses, and in crystals which arc frequently grouped in bundles. 
The colour is dark steel-grey or iron-black, and J. L. Schroder van dor Kolk 
said that the streak is reddish-brown or black. T, Thomson, ami J. F. L. Hausmann 
found Ibat the colour of Ihin splinters in transmitted light is sometimes brown. 
J. Meyer said that when formed by the hydrolysis of manganic cyanide, it is a 
black, gelatinous mass, which becomes less hydrated when heated with the mother- 
liquor, and it then changes in colour from black to brown, resembling ferric hydroxide. 
The colour change is due either to the decomposition of the hydrate or to a change 
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in thr size and physical character oi the pattioleft. J. HeVW Ut& R. Nertich found 
that the oxidation of a soln. of nwngancma cWonde made alkihne bj r unmonk, and 
mixed with aiumomm cb\ox\dc, \s tV most convenient way of making manganic 
oxide- vide infra, matv^tvous chloride- According to W. Haidinger, the riumt^ 
crystals of manga nite have the axial ration a :b : r^D'8440 7 ; J * 0 m 54484. Contact 
trzax/qtr oerv/v shout the (01 1)- plane. There nte also cruciform tw innin g aD( j 
rented twinning with the composition face parallel or inclined, analogous 
tojvte/e. TAejprismstw crystahmay be long and terminated by the (001)- face 
tif by a none of macropyramida with the planes striated parallel to their mutual 
intersections. Tie prismatic crystals may be short and terminated by the (001 )-face 
with numerous macrodomes or by highly complex macropyramids. The prismatic 
faces are deeply striated vertically. The crystals were described byj B. L. Rom6 
de lisle, R. J. Haiiy, W. Phillips , F. Mohs , C. F Naumann, J. D. Dana, A. Sadebeck , 

V. Goldschmidt, F. Zambonini, F. Rutle} r , T. Haege, A. Levy, K. Buss, R. Brauns, 

A. Lacroix, G. P. Traverso, P. Groth, A. d’Achiardi, E. Manasse, W. P. Jervis, 

R. P. Greg and W. G. Lettsom, J. H. Collins, M. F. Heddle, L. IT. Borgatrom, 

J. Samojloff, A. Raimondi, W. H. Hobbs, G. Rose, R. R. B Cook and co-workers, 
etc. The hemihedral crystals were discussed by P. Groth, W. Haidinger, and 
A. Sadebeck ; the corrosion figures, by R. Koechlin ; and the isomorphism with 
diaspore and goethite, by G. Rose, A. Breithaupt, and J. F. L. Hausmann, and 
with chrysoberyl, by E. Kayser. G. Flink descril>ed rhombic crystals of what he 
called sphenomanganite from Liinghan, Sweden ; the mineral closely resembles 
manganite. The (OlO)-cleavage of manganite is perfect ; and the (110)- and 
(OOl)-cleavages are distinct W. H. Zachariascn found that the X-radiograin 
corresponds with a body-centred space-lattice of the corundum type with a 9-4 J A. 
and the calculated density of 5-00. W. V. Smithcringale studied the X -radiograms, 
and also the action of various etching liquids on manganite. G. A. Thiel also 
discussed the action of various reagents — sulphuric and hydrochloric acids, hydrogen 
dioxide, and soln. of ferrous and stannous chlorides. W. F. de Jong obtained for 
the space-lattice of manganite a ^4-46 A., b— 5-28 A., and c— 2-88 A. A. Ferrari 
and A. Scherillo gave a— 4-41 A., 5=5-19 A., and c=2-83 A., with 2 mols. of 
MnO(OH) per unit cell. 

The sp. gr. given by C. F. Rammelsberg is 4-335 ; W. Haidinger, 4*312 to 
4*338 ; A. Gorgeu, 4*34 to 4*39 ; and E. Manasse, 4-27. The hardness ranges 
from 3 to 4. O. Miigge found that the crystals embedded in sodium nitrate, and 
at a press, of 4300 kgrms. per sq. cm., sutler a displacement along the (010)- and 
parallel to the (OOl)-faces. The sp. ht., according to H. Kopp, is 0*170 between 
20° and 52°. J. Konigsberger found that the extinction cocff. for A- 0-5 to 
4*0 )li is 15 ; for A=l*6 to 4*0 p, 14 ; for A- 4-0 to 4(J^, 56 ; and for A--15 to 40jx, 

78 ; the reflecting power is 0*25 , and the observed absorption is 200 times 
greater than the value calculated from the electrical conductivity. E. 8 . Larsen 
gave for the index of refraction a— 2*24, jS-2-24, and y— 2-53 ; J. OtcpI and 
8. Pavlovitch discussed the optical properties of the mineral. J. Konigsberger 
observed that the birefringence is very strong ; and, added E. 8. Larsen, the optical 
character is negative. W. W. Coblentz found that no sharp bands occur in the 
ultra-red transmission spectrum over the region extending to 9/x, but there are 
faint bands at 3 li (hydroxides) and at G-2p. R. D. Harvey examined the electrical 
conductivity. F. Beijerinck found that if manganite is free from pyrolusite, it 
is a non-conductor of electricity. K. Honda and T. Rone gave for the magnetic 
susceptibility of manganic oxide, Mn 2 0 3 : 

— 184 ® - 90 “ - 4 ° 21 ’ 1 04 ’ 510 ® 876 ’ 1100 ’ 1318 ° 

xxio* . 15CV0 99-2 73*0 69-0 f>3 0 38 4 30-4 27-7 25*4 

E. H. Williams discussed the structure of the paramagnetic oxide. J. R. Blum 
found that in nature manganite is readily transformed into pyrolusite, hausmannite, 
and brauDite. J. Meyer and R. Nerlich observed that the acid hydrolysis of man- 
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gaiiic salts leads to the formation of manganese dioxide and manganoiis salt, whilst 
alkaline hydrolysis merely precipitates manganic hydroxide. By acid hydrolysis, 
however, probably manganic hydroxide is first formed and at once decomposed, 
since it is shown that manganic hydroxide is decomposed by dil. mineral acids into 
manganese dioxide and manganous salt. That manganic hydroxide is a true 
tervalent manganese compound is probable from the fact that dil. hydrofluoric 
acid, hydroryanic acid, and oxalic acid dissolve it completely, to form complex 
manganic compounds. Cone, sulphuric, selenic, phosphoric, and hydrochloric 
acids also dissolve it completely, but cone, nitric acid oxidizes it completely to 
manganese dioxide. K. Fredenhagen and 6. Cadenbach studied the action of 
hydrofluoric acid on the oxide. 

L. t’arius observed that when manganite is heated in air, i1 forms manganese 
tritatetroxide ; and A Gorgon added that at 300° it forms pseudoniorphous 
manganese dioxide, while braumte remains unchanged, B. Franke found that the 
artificial crystals lose no water at 120‘\ but at higher temp water is given off. 
N. Kurnakoff and V. Cernych said that a loss of water without the loss of oxygen 
occurs when mangamte is heated to 3fif> c -400 \ M. Martmon found thut with an 
acidic soln of hydrogen dioxide, oxygen is given off and manganous oxide is formed ; 
and m an alkaline soln. manganese dioxide is first formed, which then decomposes 
the hydrogen dioxide J. Meyer found that the precipitated manganic hydroxide 
forms an unstable soln with cone hydrochloric acid and a stable soln. with 
hydrofluoric acid A. Wagner found that hydrogen sulphide slowly forms 
manganous sulphide and sulphate, sulphur, and water. J. Meyer and W. Schramm 
observed that the reaction of sulphur dioxide with manganic hydroxide suspended 
in water proceeds in two w T ays, the manganic sulphite first formed decomposing 
according to the equations Mn 2 (S0 3 ) 3 - MnBO a \- MnS 2 O 0 , and Mu 2 (S0 3 ) 3 ~MnS0 4 
fMnS 0 3 4 80m ; there is no reduction to manganous salts, nor any decomposition 
of the manganic salt into manganous salts and the dioxide. The solvent action of 
sulphurous acid was studied by ('. W. Davis. According to L ('anus, with cone, 
sulphuric acid at 1IJ0 C green manganic sulphate is formed without the evolution 
of oxygen. II C. H. Carpenter observed the formation of manganous sulphate and 
flithionate by the action of .sulphurous acid on the hydrated oxide, Mn 2 0 2 (OH) 2 . 
B. Franke observed that the hydrated oxide may be decomposed by hot, cone, 
sulphuric acid to form manganous sulphate and Mn0 2 H 2 0, as indicated above. 
B farms found that dil sulphuric acid, cold or gentlv W’armed, does not decompose 
manganite free from manganous oxide, but if that oxide be present, some mangauite 
may be dissolved. J. Meyer said that precipitated manganic hydroxide forms 
stable soln. with sulphuric and phosphoric acids. Y. Berthier found that manganese 
hemitnoxide is decomposed by cone, nitric acid, forming manganous nitrate and 
hydrated manganese dioxide. H. C. Bolton found that mangamte is attacked by 
citric acid less readily than pyrolusite. R. Hermann observed that the hemi- 
tnoxide forms a reddish-brown soln with tartaric acid, and in 24 hrs. the soln. 
deposits manganous tartrate and forms formic acid and carbon dioxide , oxalic 
and malic acids are reduced, with the evolution of carbon dioxide, and a manganous 
salt is formed. Formic, acetic, benzoic, and hippunc acids are without action. 
F. Reichardt found that when moist manganite mixed with magnesia alba, or 
alkali carbonate, with or without water, is shaken up with air, a nitrate ih formed. 
J. Meyer and W. Schramm observed that a complex acid is formed with malonic 
acid. II. von Wartenberg and W. Gurr observed that a eutectic is formed with 
zirconia. 

The hydrated manganese hemitrioxide is supposed to exhibit slight acidic 
properties in certain minerals. If the compounds of manganese dioxide with the 
bases be called paniUUlffanites, the compounds of manganese hemitrioxide with 
the bases will be called by the unfortunate term iTUUlgMliteB. H. Credner 8 
described a black or brown crystalline mineral, Kupferhaltiger Manganerz, from 
Fricdrichsroda, Thuringia. Analy ses by H. Credner, and C. F. Rammelsberg agree 
vol. XII. R 
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with 4(0uO,MnO).Mn 2 O 3 . C. F. Rammelsberg called the mineral crednerite. 
H. Laspeyres regarded it as a salt, Cu 3 Mn 3 Mn0 9 , of the acid H 12 Mn0 9 . The analyses 
of a sample from Mendip Hills, Somersetshire, by L. J. Spencer and E. D. Mountain 
agree with copper manganite, Cu0.Mn 2 0 8 , or Cu(Mn0 2 ) 2 . The mineral occurs in 
Somersetshire in radiating fan-like groups or hemispherical masses 6f thin, iron* 
black plates with a bright, metallic lustre. The mineral is perhaps monoclinic, 
pseudohexagonal by twinning. The cleavages are perfect. The hardneBS is 4, and 
the sp. gr. 5-03. H. Credner gave 4*5 to 5*0 for the hardness, and 4*89 to 5*07 for 
the sp. gr. C. F. Rammelsberg found the sp. gr. to be 4-95 to 4*97. L. J. Spencer 
and E. D. Mountain found that the mineral dissolves in cone, hydrochloric acid 
with the evolution of chlorine, but resists attack by nitric acid. A. Gorgeu obtained 
copper manganite, CuO.Mn 2 O a , by heating the tetritamanganite to redness. Accord- 
ing to E. A. Schneider, when an ammoniac&l cupric oxide soln. is mixed with 
soda-lye and to the deep blue soln. manganous chloride is added drop by drop, 
with constant stirring, and the copper oxide and manganic oxides are used in the 
molecular ratio 1 : 1 or 2 : 1, the whole of the copper is at once removed, but with 
the ratios 3:1 or 4 : 1 or 5 : 1 a portion of the copper remains in soln. The black 
precipitate thrown down in each case seems to have the composition of OOPPer 
tritamanganite, 3CuO.Mn 2 O a , although, if an excess of copper soln. is not used, 
the precipitate approximates copper heminmnganite, 2CuO,Mn 2 0 8 . The com- 
pounds are oxidized by exposure to air. H. Rose appears to have prepared a 
diver manganite, Ag 40 .Mn 2 0 3 , by the action of a warm soln. of manganous sulphate 
on an excess of moist silver oxide, or adding manganous sulphite to an ammoniacal 
soln, of Bilver oxide ; and F. Wohler, by adding alkali-lye to a mixed soln. of a 
silver and a manganous salt. H. Rose also reported Ag 40 .Ag 2 0 .Mn 2 0 3 to be 
formed by the action of a cold soln. of manganous sulphate on moist silver oxide. 
G. BaTbieri said that Ag|0.Mn 2 0 s is not formed, but rather a mixture of Bilver and 
manganese dioxide. 

A. Gorgeu 4 prepared magnesium manganite, MgO.Mn 2 O a , or Mg(Mn0 2 ) 2 , by 
melting a mixture of dried manganese, sodium, and magnesium sulphates m the 
proportions 3:1:3. The cold product containing some zincite is washed with hot 
water, and then allowed to stand for 15 minutes in 5 per cent, acetic acid. The 
brown, octahedral crystals are probably analogous to hausmannite — magnesium- 
haumannite. It was also prepared by igniting magnesium tetraperamngani te . 
G. E. Moore described a mineral from Sterling Hill, New Jersey, and he called it 
hfttMTCriite — from ercupo?, companion — in allusion to its occurring intimately 
associated with chalcophanite. It forms botryoidal coatings with a columnar 
structure. C. F. Naumann called it hefainte. J. Orcel and S. Pavlovitch studied 
the optical properties of the mineral. G. M. Butler called the sample from the 
Wolftone mine, Leadville, Colorado, wolftomte. It contains zinc and manganese and 
was hence called zinc-hausmalinite. The formula corresponding with the analysis 
of W. E. Ford and W. M. Bradley is zinc manganite, Zn0.Mn 2 0 3 ^H 2 0, and from 
the analysis reported by C. Palache, Zn0.Mn 2 0 8 , or Zn(Mn0 2 ) 2 . The hardness is 
5*5 to 6*0 ; and the sp. gr. given by G. E. Moore is 4*933, that by C. Palache is 
4*85, and that by W. E. Ford and W. M. Bradley is 4-6. The index of refiaction 
is over 1*78. E. 8. Larsen gave for the tetragonal crystals the indices of refraction 
co— 2*26 to 2*34, and €=2*10 to 2*14 ; C. Palache gave co^2*35 and e=2*10. The 
optical character is negative ; the pleochroism is feeble. E. Divers assumed that 
Zn0.Mn 2 0 8 .nH 2 0 is formed in the working of the Leclanch6 cell by the action of 
ammonium zinc chloride on manganese dioxide. A. Gorgeu fused a mixture of 
manganous, sodium, and zinc sulphates, washed the product with water and 
dil. acetic acid, and obtained zinc manganite in crystals resembling those of 
hausmannite ; naAminm mang anite, Cd0.Mn 2 0 3 , was produced by igniting 
cadmium pentapermanganite. G. Flink reported a hydrated lead manganite, 2FbO. 
Mn 2 0 a .H 2 0, at Langban, Sweden. The pitch-black, lustrous mineral was named 
qnenaelite — after P. Quensel. The monoclinic crystals have the axial ratios 
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a : b : c=0*9767 : 1 : 1-667, and /}=*93*6°. The basal cleavage is somewhat 
micaceous and perfect ; the streak of the opaque mineral is dark brownish-grey. 
The sp. gr. is 6*842, and the hardness 2*5. Hausmannite, manganese tritalelTOTide — 
vide supra — may be regarded as manganous manganite, MuO.MnoO^, or Mn(Mn0 2 ) 2 . 
According to A. tiorgeu, cobalt manganite, OoO.Mn 2 O ni is obtained by igniting 
cobalt hexapennauganite ; and nickel manganite, NiO.Mn 2 0 3 , from nickel penta- 
permanganite. M. Huger also obtained the cobalt salt. The black mineral lubeckite, 
described by J. Morozewicz, occurs at Miedzianka, Poland. The analysis corre- 
sponds with the formula for copper cobaltic manganite, 4Cu0.JCo 2 0 3 , Mn 2 0 3 .4H 2 0. 
Its sp. gr. is 4*8, and its hardness 2 to 3. A. tiorgeu observed that when freshly 
precipitated hydrated manganese dioxide is digested in a hot aq. soln. of cobalt 
sulphate, part of the manganese is dissolved, and the insoluble product obtained 
consists of cobalt mangano-cobaltite, which on ignition at a red-heat furnishes a 
product which is not a mixture of the oxides Mn 3 0 4 and Co a 04 , since the latter is 
unstable at a red-heat ; and it is considered to be manganous Cob&ltous cobalti- 
manganite, Mii().Co0.Mn 2 O 3 .Co 2 0 3 . 
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§ 11. Manganese Dioxide 

A. Breithaupt 1 described a light grey manganese oxide— Graumavfjancrz- 
^hich he called polianite — from 7roAio'?, grey, or TroXiaiveadai , to become grey. It 
is distinguished from pyrolusite by its hardness and its anhydrous character. It 
occurs at Platten, and Joachimsthal, Bohemia, and in a few other localities. It is 
comparatively rare. Analyses were reported by 0. F. Plattner, C. F. Rammelsbcrg, 

K. L. Penfield, A. Gorgeu, and L. L. Fermor. The results agree with the formula 
for manganese dioxide, Mn0 2 . The colour of polianite is light steel-grey, or iron- 
grey. J. L. ('. Schroder van der Kolk said that the streak is black or grey with a 
reddish-brown tinge. The mineral occurs in composite parallel groupings of 
minute crystals having a rough summit and a rhombic form. A. Breithaupt, and 
R. Kochlin considered that the crystals belong to the rhombic system, but 
E. S. Dana, and A. Rosati and H. Steinmetz showed that the crystals are tetragonal, 
and are isomorphous with cassiterite, plattnerite, zircon, and rutile. E. S. Dana 
gave for the axial ratio a : c=l : 0*66467, and A. Rosati and H. Steinmetz, 1 : 0*6621. 
The crystals are often pseudomorphs after manganite. The (1 10)-cleavage is 
perfect. A. Breithaupt gave 4-838 to 4-880 for the sp. gr. ; C. F. Rammelsberg, 
3*026 ; and S. L. Penfield, 4*992. The mineral is brittle, and its h&rdnesB is 6*0 
to 7*0. 

The history of the mineral pyrohisite has been discussed in connection with that 
of manganese. The mineral varvicite, or varvacite, obtained by R. Phillips in 
Warwickshire, was considered by A. Breithaupt to be intermediate between 
pyrolusite and manganite. Related minerals were obtained by A. Duflos, and 
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K. Turner from Ilefeld, Harz ; and by P. H. Walker, from Austinville, Virginia. 
Numerous analyses of pyrolusite have been reported by P. Berthier, J. A. Arfvedson, 

L. Gmelin, E. Riegel, E. Turner. V. Sevoz and J. Breuilhs, H. Ludwig, T. L. Phipson, 

I. Domeyko, L. Brackebusch, A. Liversidge, E. P. Smith, D. T. Day, J. L. Jarman, 

J. and H. S. Pattinson, A. Gorgeu, N. Kozowsky, P. Kovar, C. Rimatori, 
F. Drake, L. L. Permor, H. Jimeno, C. A. Tenne and D. S. Calderon, A. Serra, 
F. Kossmat. 0. Dupouy. H. How, C. R. A. Wright and A. E. Menke, M. M. P. Muir, 
P. T. Teschemacher ana J. D. Smith, M. Scheffler, A. Schwarzenberg and A. Engel- 
hardt, J. B. J. D. Boussingault, etc. The results range from 77-60 to 
83-56 per cent. MnO ; 3-13 to 17-90 per cent. 0 2 ; 0 to 0-50 per cent. CaO ; 
0 io 2-31 per cent. BaO ; 0 to 0*1 per cent. MgO ; 0 to 3-0 per cent. (K,Na) 2 0 ; 
0 to 0-50 per cent. PbO and CuO ; 0 to 0-22 per cent. NiO ; 0 to 0-27 per cent. 
OoO ; 0 to 0-91 per cent. A1 2 0 3 ; 0 to 4-31 per cent. Fe 2 0 3 ; 0 to 2*21 per cent. 
Si0 2 ; 0 to 0-1 per cent. S0 3 ; 6 to 0-5 per cent. P 2 0 5 ; and 0-50 to 5*0 per cent. 
H a O. Traces of lithium, zinc, silver, bismuth, thallium, indium, rare earths, 
arsenates, and fluorine have also been reported. P. Askenasy and C. L. R6nyi, 
H. Bischoff, and H. St. U. Deville and H. Dcbray found nitrates present ; R. J. Kane, 
chlorides ; A. Knndert, silver ; F. Wohler, thallium ; and C. Huber, vanadium. 
The results agree with those required for a more or less impure manganese dioxide, 
MnOg or Mn0 2 .nH 2 0. E. Donath and H. Leopuld discussed pyrolusite and its 
applications. 

H. Heymann found that in nature pyrolusite oocurs in pseudomorphs after 
manganite, calcite, and rhodochrosite ; while J. R. Blum observed pseudomorphs 
after dolomite and smithsonite. E. Doll, S. von Szenipetery, W. Haidinger, and 
V. Ijenhcr discussed this subject. T. Schlosing obtained manganese dioxide by 
heating manganese nitrate between 150° to 195° ; F. Kuhlmann recommended 
200° ; and A. Gorgeu added that if the nitrate be slowly decomposed at 155° to 
162°, the product is crystalline and resembles polianile. The same product is 
oblained in the presence of manganese chloride or sulphate, or of the nitrates of 
calcium, strontium, barium, magnesium, potassium, and sodium, for these products 
can afterwards be washed away from the crystalline dioxide. If ferric nitrate be 
present, the manganese dioxide will be contaminated by ferric oxide. l\ R. A. Wright 
and A. E. Menke obtained the crystalline dioxide by heating a mixture of manganese 
and potassium nitrates, and washing the alkali salt away from the cold product. 
P. Berthier, G. J. Young, and G. Wischin also obtained the dioxide by calcining 
the nitrate. F. Gobel, and H. Moissan prepared the dioxide by heating to 300° a 
mixture of manganous carbonate with twice its weight of potassium chlorate. 
According to J. B. Hannay, when a cone, nitric acid soln. of a manganous salt is 
warmed in the presence of crystals of potassium chlorate, the whole of the man- 
ganese precipitated as manganese dioxide ; and if a salt of iron is present, the 
precipitate iB a complex manganate of iron and manganese, 2Fe 2 (Mn0 4 ) 3 .Mn(Mn0 4 ). 
12H 2 0, or Fe2(Mn0 4 ) 3 .Mn0 2 .6H 2 0. The manganese dioxide precipitated in the 
absence of iron appears as a black mass of crystalline plates which under the 
microscope are steel-grey. The thinner plates are transparent and purplish-red. 
They arc free from water. F. Beilstein and L. Jawein used a similar process. 
C. R. A. Wright and A. E. Menke were unable to prepare the anhydrous dioxide 
from the hydrated dioxide either by standing it over cone, sulphuric acid or by 
heating it to 200*. Oxygen is slowly evolved at 210°. A. Gorgeu, however, found 
that nearly all the water can be slowly driven off at 200°. W. A. Whitcsell and 
J. C. W. Frazer said that specially active manganese dioxide for catalytic reaction 
can be prepared (a) by the deeomposition of potassium permanganate with cone, 
nitric acid ; (i h ) by treating K. Fr^my’s oxide with cone, nitric acid, diluting, and 
washing; (r) by the oxidation of manganous sulphate with potassium per- 
manganate in nitric acid soln. ; and (r/) by the oxidation of precipitated manganous 
hydroxide. J. Meyer and R. Kanters prepared hydrated manganese dioxide by 
passing sulphur dioxide into a soln. of potassium permanganate at 75°, and washing 
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the precipitate with dil, sulphuric acid and water. When dried at 100° to 106°, 
the composition is Mn0 2 .H 2 0, and when heated to 200° to 225°, some oxygen is 
lost, but the water content is not reduced below 3-74 per cent. Methods were also 
described by S. Kaneko and co-workers, D. J. Brown and H. F. Tefft, and Y. Kato 
and T. Matsuhashi. Y. Kato and K. Yamamoto heated the lower oxides with 
3 to 5 per cent, of an alkali hydroxide or carbonate in air or oxygen at 500°, and 
washed the ground product with water and then with dil. acid. For the electro- 
lytic process, vide infra , the hydrated dioxide. 

Pyrolusite is iron- black or dark steel-grey, Occasionally with a bluish tinge. The 
mineral usually occurs massive and granular, with reniform coats. It is commonly 
columnar. The crystals are usually pseudomorphs after manganite. According 
to E. 0. Harder, pyrotysite occurs associated “ with psilomclane, either lining or 
filling cavities in it, or occurring in alternating layers with it in botryoidal masses. 
Tn such masses, it consists of numerous parallel needleB arranged perpendicularly 
to the faces of the layers.” The association of pyrolusite with psilomclane indicates 
that this pyrolusite is an alteration product of that mineral. In 1892, J. D. Dana 
said that it was not definitely known whether pyrolusite was an independent mineral 
species with a crystalline form of its own, or only a secondary mineral derived 
chiefly from the dehydration of manganite or the hydration of polianite. 
A. St John, however, found that the X-radiogram of polianite agrees with a space- 
lattice having a body-centred tetragonal array of Mn0 2 -group& with an axial 
ratio a : r— 1 : 0*65] ; edge, 4-44 A. ; and density, 5 043. The oxygen atoms lie 
on a face-centred tetrahedral lattice and the manganese on a body-centred lattice, 
a manganese atom being at the centre of alternate tetrahedra of oxygen atoms. 
Since the pattern of pyrolusite is similar, any external form leading to its classifica- 
tion as rhombic is due to pseudomorphism. A. Ferrari also obtained a tetragonal 
lattice with a : c -1 : 0*625, a— 4-865 A., and c=3*284 A. ; sp. gr. 5*27 ; and said 
that the supposed rhombic form of pyrolusite is pseudomorphous. Polianite, 
pyrolusite, and the artificial dioxide have the same tetragonal space-lattice. 
V. M Goldschmidt gave for the spare-lattice of the rutile type a - 4*41 A , c — 2-88 A., 
and a : c - 1 : 0-6525 Rome observat ions were made by (,\ Drucker and R. Hiittner, 
M. L. Huggins, and J. E. L. Jones and B. M. Denfc. W. V. Smitheringale discussed 
the X-radiograms, and also the action of various etching liquids ; G. A. Thiel also 
studied the action of various reagents on the mineral — sulphuric and hydrochloric 
acids, hydrogen dioxide, and soln. of ferrous and stannous chlorides. The crystals 
were discussed by W. Haidinger, W. H. Miller, A. Gorgeu, A. Breithaupt, R. Kochlin, 
J. D. Dana, etc. A. F. Rogers attributed the fibrous character of pyrolusite to its 
occurrence as a pseudomorph, but E T. Wherry and T. L Watson said that the 
fibres are sometimes the result of primary crystallisation and not pseudomorphous 
after manganite. E. Turner gave 4-819 for the sp. gr. of pyrolusite ; V. Scvoz 
and J. Breuilhs, 4-81 ; S. L. Penfield, 4-732 to 4*858 ; A. Gorgeu, 4*75 to 5-10; 
L. Playfair and J. P. Joule, 4-81 ; L. L. Formor, 4*47 to 4*94 ; A. Breithaupt, 
4*838 to 4*880; C. F. Rammelsberg, 5*026; J. D. Dana, 4*732 to 4*858; and 
J. L. Jarman, 4*69. J. B. Hannay gave 4*935 for the artificial crystals. Pyrolusite 
is much softer than polianite, having a hardness between 2 and 3 ; R. Kochlin 
found that it has soft and hard parts, so that when the powder is rubbed on glass, 
some granules may scratch the glass. 

F. Richarz represented manganese dioxide by the formula O — Mn— O. 
H. Laspeyres regarded manganese dioxide as a manganous manganate, Mn(Mn0 4 ), 
but F. fieijerinck considered that in such a case the electrical conductivity should 
be smaller than what it is. A. Guyard regarded the dioxide as a permanganate, 
3Mn().Mn 2 0 7 , that is, (Mn0 2 )r } . W. Spring and M. Lueion do not recommend the 
simple formula MnO MnO a , but favour thut based on A. Guyurd's hypothesis. 
(\ W. Eliot and F. H. Storcr represented ihe dioxide as a basic manganic manganate, 
Mn 2 Og.MnO ai that iH, (Mn0 2 ) 3 ; and B. Franke supposed the hydrate 3Mn0 2 .2H 2 0 
to be a polymanganic acid ; (H0) 2 Mn=^0 2 -=Mn--0 2 =Mn(0H) 2 . R. T. Colgate 
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said it is more than probable that manganese dioxide is not simple, but consists of 
complexes of the type (Mn0 2 )|„ in which the value of n is at least 4 and may well 
be some multiple of this. The eight oxygen atoms in the complex 
may be pictured as so packed that they form a cube, each of 
four faces of which contains in addition a single manganese 
atom, the four atoms being in one plane. Such an arrangement 
I is formulated in the following figure, with circles for oxygen 
atoms and black discs for manganese atoms. Freshly precipitated 
manganese dioxide (s slightly soluble in a cone. soln. of hydrogen 
dioxide, cooled to —20°, and the resulting soln. gives of! oxygen at ordinary 
temp. Hence, G. Brcdig and A. M&rck suggest that the soln. contains a true 
manganese superoxide, 

Mi Kq or Mn \0 

isomeric with ordinary manganese dioxide, 0=Mn=0. J. Orcel and S. Pavlovitch 
discussed the optical properties of polianitc ; and W. Biltz, the colour of the 
derivatives of the oxide. According to W. Blitz, the fact that natural manganese 
dioxide always contains basic oxide points to its acidic nature — manganous acid. 
Treatment of manganese dioxide containing water with liquid ammonia removes 
all the water except 1 mol. Moreover, the existence of the compounds (NH^MnOs 
and NH 4 HMn0 3 is indicated by the isothermal decomposition of the ammoniate. 

W. Spring said that when the dioxide is subjected to a high press, it takes on a 
metallic lustre. As indicated below, 0. Sackur and E. Fritzmann calculated from 
the electrochemical data the dissociation pressure 6-3xl0“ 23 atm. at 18°. The 
low value here obtained agrees with the ready oxidation of manganous hydroxides 
in air. Observations were also made by E. Moles and M. Crespi. C Zengelis 
observed a discoloration on silver suspended over manganese dioxide in a closed 
vessel ; this is taken to indicate a slight vaporization at ordinary temp. P. Berth ier 
found that at dull redness manganese dioxide loses oxygen to form manganese 
hemitrioxide, and at a higher temp, it forms the tritatetroxide. When heated in 
oxygen, E. R. Schneider said that the hemitrioxide is formed ; and W. Dittmar 
found that when heated by a bunsen burner in dry oxygen, air, or nitrogen, the 
hemitrioxide is formed ; but at about 660°, in air, nitrogen, or in vacuo, the trita- 
tetroxide is produced. J. B. Hannay observed that at a red-heat, in oxygen, the 
dioxide passes into the tritatetroxide. C. R. A. Wright and A. P. Luff added that 
the evolution of oxygen from finely crystalline pyrolusite begins at 390° ; and 
A. Geuther stated that when heated to bright redness, manganese monoxide is 
formed. H. Moissan found that in the electric arc furnace the dioxide rapidly 
melts, bubbles with the evolution of oxygen, and passes into the monoxide. 
('. Schubert, and W. Hempcl and C. Schubert B&id that decomposition begins 
between 470° and 500°, and is ended at 1280°. These observations are not all 
concordant. The work of R. J. Meyer and K. Rotgers, and W. Biltz on the thermal 
decomposition of the dioxide has been discussed in connection with manganese 
hemitrioxide and tritatetroxide — vide supra ; the decomposition begins at 530° 
in air, and at 565° in oxygen. J. Meyer and R. Ranters observed that some 
oxygen is lost at 200° to 230°. P. Askenasy and S. Klonowsky found that when 
the dioxide is heated in vacuo for 24 hrs. at 230° and another 2 hrs. in dry oxygen 
at 400°, it exhibits the following press., p mm., of oxygen at different temp. : 

382 ° 406 ° 448 “ 478 ° 536 ° 

p . . 23 (77) 4 123 200 - >1040 

The observed press., 77 mm., at 406° is too high, and was obtained by absorption, 
which is very slow at that temp. The observations of R. J. Meyer and K. Rotgers 
were made upon a form of dioxide first heated to 500°, which attains equilibrium 
very slowly, and the results, in consequence, are not reliable. P. Askenasy and 
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shown in Fig. 48. F. Balir and 0. Sackur found a 
dissociation press, of 816 ram. at 572°. R. J. Meyer 
and R. Rotgers found that the reaction 4Mn0 2 
— 2Mn 2 0 3 +0 2 begins in air at 530°, and in oxygen 
at 568°. II. Saito studied the effect of heating man- 
ganese dioxide in air. C. Drucker and R. Hiittner 
found that the dissociation press, depends on the 
physical state of the dioxide ; with compart masses 
the press, was 125 mm. at 530°, and with fine powder, 

125 mm. at 450°. It is supposed that the Mn0 2 and 
Mn 2 O a form a solid soln., but since the isotherms are 
not constant it is assumed that the solid soln. is formed 
in definite layers, which to some extent protect the 
interior from decomposition. The X-radiograms of the 
products agree that Mn 2 0 3 is formed in the thermal 
decomposition of manganese dioxide. The dissociation 
press., p nun., of the Artificial dioxide is : 

410“ 450° MS 580“ 

J> ■ -2 G 40 100 

A. Simon and F. Feher measured the dissociation press, of the dioxide, and observed 
breaks just over 600° corresponding with the formation of MnoU 3 , and near 1000° 
corresponding with the formation of Mn |{ () 4 . M. Blumenthal observed the for- 
mation of no compound between MnO.. and Mn..O ; ) below 850° in the thermal dis- 
sociation of manganese dioxide. H von .liiptner calculated for the dissociation 
press., p atm., in the reaction MnO., Mn-f 0.>, log p 27418Z 1-1 +1-75 log 
T | 2-8 ; and for 2Mn0 2 -2Mn() (-O^log p “l 1 667 +1-75 log T+2 - 8 (vide 
mf in, MnO), and 

I'roilm All!) 1001 ) 1400 1800 22IHI 2400 1 

, Mn . 0 0„U230 0-0 lt 42RJ> 0 0 ll ri205 0 0,1839 0-0,1530 0-0 9 1»55 

7 \ MnO . () On 1048 0-0j24l5 0 9378 103 5 2218 7130 

(jt- Spezia said that pvrolusile melts in the oxidizing blowpipe flame to form a 
black enamel. H. Kopp gave 0*150 for the specific heat between 17° and 48° ; and 
A. 8. Russell found the mean sp. lit., c, and the mol. ht., C 9 to be : 

— 78 J to — 188“ 0" to — 7H 2° 48 3° to 2 4* 

c . 00978 01407 01042 

C . - 8-50 12 23 14-27 

The results tit W. Nernst and F. Lindemann’s equation fairly well. R. W. Millar 
found the molecular heat of manganese dioxide to be : 

200 2 J -189 0° -1801“ - 177 4* -124 2 n 7J 5 -23 2 20 8° 

f'p 3 001 5-370 8 858 6-406 7-996 10-35 12-19 13-53 

The results are plotted in Fig. 30. There is a marked discontinuity between 
87-743° K. and 98-437° K. J. Maydell studied the mol. ht. M. Berthelot calculated 
from H. le Chatelicr’s observations on the heat of formation (Mn,0 2 ) -125*3 Cals. ; 
(Mn0,0)=30*4 Cals. 0. Sackur and E. Fritzmann gave (MnO, O) — 19*6 Cals. ; 
If. von Jiiptner, Mn+0 2 “Mn0 2 +125-3 Cals.; and 2Mn0+0 2 — 2Mn0 2 + 53*32 
Cals. ; C. Drucker and R. Hiittner gave 26 Cals, for the decomposition of manganese 
dioxide into Mn 3 0 4l and R. J. Moyer and K. Rotgers, 4Mn0 2 --2Mn 2 0 3 -|-0 2 — 50*8 
Cals. ; A. Simon and F. Feher obtained for the change 4Mn0 z -»2Mn 2 0 3 -|-0 2 , 
26 Cals. ; M. Blumenthal gave log p--Qjl t bT-\-\ , 7h log T - 1 2*8 for the heats of 
dissociation, Q, and obtained 37*1 Cals, for pyrolusite , 27*9 Cals, for amorphous 
and 28*5 Cals, for crystalline manganese dioxide ; and W, G. Mixter gave (Mn,0 2 ) 
-119-6 Cals. J. C. W. Frazer and C. E. Greider made observations on this subject. 


2Mn 2 0 3 + 0 2 -»4Mn0 2 by 
S. Klonowsky’s curve is 



Fio. 48. — Dissociation Pres- 
sures of Manganese Di- 
oxide. 
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They gave MnOg-^MnOt 4*0)— -—7-0 cals. ; l‘5Mn0 2 -»0’5Mn 3 0 4 (+0)— - 23*2 cals. 
R. W. Millar gave 13*93 for the entropy ; —42*6 for the change of entropy in the 
reaction Mn+0 2 =Mn0 2 , and —-122,600 cals, for the change of free energy. 

J. Thomsen gave (Mn J O z ,H a O)=l 66-33 Cals. ; and Mn(0H) a +0~=Mn0(0H) 2 (or 
Mn0 2 .H 2 0)-|- 21*56 Cals. P. Askenasy and S. KlonowBky calculated for the heat of 
the reaction 2Mn 2 0 3 4 0 s ->4Mn0 2 , 24,944 rale. J. Ewles found that the dioxide 
exhibits a faint cathodoluminescence. G. Fournier studied the absorption of jS-rays ; 
and 0. Stelling, the K-scries of X rays. 0. Doelter observed no coagulation of the 
colloid in radium rays. F. Beijerinck found that pyrolusite is a better electrical 
conductor than polianite, and in contact with metals acquires an electric charge. 
The subject was discussed by R, D. Harvey. F. Stremtz observed that the 
deetxte&l conductivity of a cm. cube of the compressed powder is 0-16 mho at 0° ; 
and M. le Blanc and H. Sachse, 10~ 2 mho, at 20°. P. Fjscher examined the electrical 
conductivity of mixtures of manganese dioxide with copper oxide, lead dioxide, and 
potassium bromide. E. W. von Siemens and J. G. Halsko found that electrodes — 
anodes— can lie made from compressed manganese dioxide. A A Somerville 
found that the electrical resistance is 10,000,000 ohms at 1 20° and 70 ohms at 1 100°. 
T. W. Case observed no change in tho electrical conductivity on exposure to light. 
Measurements of the electrode potential of manganese dioxide were made by 
C. Wheatstone, W. Beetz, H. Buff, F. M. Raoult, R. B. Clifton, W. H. Preece, 

K. Schreber, L. Kahlenberg, and W. A. Smith. According to J. K. H. Tnglis, a 

platinum electrode coated with manganese dioxide and immersed m an acidic soln. 
of a manganous salt changes in accord with MnO^ f 4fl'=*Mn' '+2HJJO+2F, in 
which these are the intermediate stages: Mn() 2 \ 2H *=*Mn"4 H 2 0+40 2 and 
j0 2 +2HVH 2 0-| 2F ; or else Mn0 2 4-4H ‘ 2IT 2 0 and Mn' "^Mn‘ | 2F 

Both hypotheses give the same results for the oxidntion potential, namely, €-=-e 0 
4(RY/2F) log (|H'] 4 /['Mn"]) volt, where e 0 represents the potential when the H* 
and Mn" concentrations of the soln. are unity With cells of tho type 
MnO z : MnS0 4 ,H 2 0 : KCl^t. ^ : 0-lAMCCl,Hg 2 t 1 l 2 . Hg, afc room temp , e 0 can be 
calculated from the degree of ionization of the electrolyte, when € 0 - ~E— 
(0-058/2) log (C 4 b /Cun-), when C denotes the concentrations of acid and manganous 
salt in mols per litre, E volt is the observed potential, and volt the normal potential 
referred to the 0-liV-calomel electrode, at room temp. * 
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Hence, the oxidation potential against the decinorrnnl calomel electrode is nearly 
1-00 volt, or 1-35 volt against the normal hydrogen electrode. (). F. Tower found 
similar values of € 0 for dil. nitric acid soln. of manganous nitrate and dil. sulphuric 
acid soln. of manganous sulphate. J. Seobai obtained for manganese dioxide in 
JV-H 2 S0 4 , 0-628 volt against a normal mercurous sulphate electrode ; with the 
dioxide in 12i\MT 2 S0 4 , 0-752 volt ; in 22 jV H 2 S0 4j 0-93 volt , and m cone. H 2 S0 4 , 
1*1 volt. R. C. Wells found the potential of pyrolusite against N- KC1 to be 0-93 
volt ; D. J. Brown and H. A. Liebhafsky gave 1*236 volts for the oxidation potential 
of the reaction Mn024’4H+2f\F*Mn”4-2H 2 0 in soln. of perchloric acid. S. Popoff 
and co-workers were unable to measure the potential of the permanganate-hydrogen- 
manganese dioxide electrode ; and the manganese dioxide-liydrogen-manganous 
electrode was irreversible, nor could a value be calculated from the potentials of 
manganese dioxide electrodes (‘ E. Ruby found the electrode potentials: 
Mn0 2 +40H # 4 2ff Mn0 4 'M 211*0 -0 604 volt ; Mn0 2 -f 40H' J-3 + - Mn<) 4 ' 
4 2Tl 2 0- 0-647 volt ; and Mn0 2 | 2H/> | 3J Mn(V 1-411 - 1-757 volts at 25’. 
I). J. Brown and R K. Tefft found that from e m.f. measurements of the cell 
H 2 |H( , i()4(wi 1 )|H(. 1 10 4 (w?2),KMn04(w^)|Mn()2, at 25°, the oxidation potential of 
the reaction Mn0 4 'H 4H‘-j 3c- Mn()«4 2H z O was found to be 1*586 volts. This 
value decreases with decreasing acid concentration exactly as required by theory. 
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Pure manganese dioxide could not be obtained electrolytically. C. Drucker and 
R. Hiittner studied tbe e.m.f. of the cells Pt|Mn dioxide, electrolyte | sat. soln. 
KC1|JV-KC1, HgCl|Hg, where the electrolyte was sulphuric acid and manganous 
sulphate or mouochloracet ic acid, manganous sulphate, and (MJV-NaOH. They 
calculated —0-79 volt for the change Mn 2 0 3 +6H'+2®-»2Mn“ f 311*0. It is 
inferred that the manganese dioxide passes into manganic oxide and not into 
manganosic oxide, as supposed by K. Arndt and co-workers. Observations 
were also made by J. K. H. Inglis, W. A. Smith, C. E. Ruby, Y. Kato and 
T. Matsuhashi, 8. Popoff and co-workers, and 0. Sackur and W. Taegencr. 

0. F. Tower found that the cone, of the H -ions in a soln. at a manganese dioxide 
electrode has about four times as much influence on the e.m.f. as the eonc. of the 
Mn”-ions. T. J. Martin and A. J. Helfreeht’s results for the electrode potentials 
of manganese dioxide- -artificial with 82-f> per cent. Mn0 2 ; and natural ore with 
67*5, 74-8, and 8K-9 per cent. Mn0 2 - are summarized in Fig. 49. L. Kahlenberg 
and A. S. McDaniel found the 
oxidation potential depends on 
the nature of the solvents, 
being less in basic solvents 
than in water or in neutral 
solvents. The electrode po- 
tential of manganese dioxide 
in water is --0*978 volt ; in 
acetone, -1137 volts; in 
pyridine, —0*698 volt ; and in 
amylamine, —0*476 volt. The 
presence of a little water has 
a great effect in the case of 
acetone, but for pyridine and 
amylannne the effects increase 
slowly as the quantity of water 
increases, so that the constant 
for water is attained when 
from 90 to nearly 100 per cent, 
of water has been added. When sulphuric acid is used instead of a soln. of 
lithium chloride, the e.m.f. rises from - 0*978 to --1*566 volts. 

W. Hahnel measured the concentration of the iodine formed in the reaction 
Mn02-J-4H’+2IVMn" -1 2H 2 0-f I 2 . The results were erratic, owing (i) to the 
solubility of iodine in a 1*1 mol. soln. of manganous chloride, being 6*23 XlO -3 when 
its solubility in water is 3*7x10“ 3 mol per litre, showing that some combination 
occurs ; and (ii) to the oxidation of iodide to iodate by the manganese dioxide when 
the cone, of the iodine ions is small enough to permit of the existence of measurable) 
quantities of iodato ions. Equilibrium is attained very slowly. From these 
imperfect results, the normal oxidation potential of manganese dioxide works out 
to be greater than 1*2 volts when referred to the normal hydrogen electrode. 
The potential which just deposits manganese dioxide from a soln. of man- 
ganese sulphate depends on the aridity of the soln. The results show that 
0*0295 log ([H J*/[Mu P ‘]) gives e 0 -=-l-35 volte nearly. Analogous results 
were obtained with a bromide in place of iodide. When chlorine is passed into a 
neutral or faintly acid soln. of manganese chloride, the dioxide is precipitated. It 
is found that in"a 0*227V-Roln. of manganous chloride, precipitation occurs when the 
eonc. of the hydrogen ions is 0*0101, and does not occur when it is 0-013 mol per 
litre. This result leads to a value of about 1*57 volts for the normal potential of 
manganese dioxide, but in calculating this the formation of manganic chlorido in 
the soln. is neglected, the effect of which is to make the calculated value too large. 
0. Sackur and E, Fritzmann found the e.m.f. of the combination; oxygen at one 
atm. press. | sat. soln. MnO | Mn() 2 | Ft, in which the reaction is 2Mn0+0 2 — 2Mn0 2 » 



Fig. 49. — The Effect of tho H’-ion Concentration on 
the Electrode Potential of Manganese Dioxide. 
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to be 0-32 volt. This gives 6*3 x H^" 23 atm. for the dissociation press, of manganese 
dioxide at 18°. H. A. .1. Wilkens and H. V. C. Nitzc discussed the magnetic 
separation of pyrolusite ; F. Daniels, H. D. Holler and L. M. Ritchie, B. M. Thomp- 
son, K. Fischbeek and K. Einecke, W. C. Plialen, R. Hiittner, 0. Drotschmann; 
K. Arndt and co-workers, (\ Drucker, A. Keller, J. Meyer and R. Ranters, 
V. P. Ilinskv and N. P. Lapin, S. Kaneko, N. S. Krivolutskaya and G. G. Morozofi, 
Y. A. Kostjejeff, and E. Divers discussed the action of manganese dioxide in 
Leclanche cells ; and P. Fischer, the conductivity of mixtures of cupric oxide and 
manganese dioxide. 

E. T. Wherry found pyrolusite to be a fair radio-detector ; and C. Tissot 
constructed a sensitive detector from pyrolusite and a metal. The combination 
acts without an auxiliary current, so that its activity does not depend on a change 
of resistance, and it is supposed to be a thermoelectric effect produced by the 
electric waves. R. Bunsen placed pyrolusite beyond bismuth in the thermo* 
electric series. E. Wedekind and C. Horst gave 14-58x10' 6 mass unit for the 
magnetic susceptibility of the dioxide at 14°. and S. Meyer gave 27xlO" ( > mass 
unit at 17°. Observations were also made by P. Hausknecht. and G. Grenet. 
F. Stutzcr and co-workers gave 128 x 10“ 6 for the coeff. of magnetization. G. Wist- 
rand gave 37*3xl0“ 6 mass unit for the magnetic susceptibility. K. Honda and 
T. Sonc plotted the magnetic susceptibility, ^xlO B ,with temp, and observed 
irregularities on the curve corresponding with the transformations : Mn0 2 — Mn 2 () 3 
at 525° ; Mn.> 0 3 ^Mn 3 04 at 933° ; and Mn 3 0 4 ^Mn0 at 1 100°. The results up to 
535° arc : 

-ISA" —ioo° -.r 2i 0 ni° him*" r»27° sas* 

XXlO 1 . 74-9 49 0 39-9 384 33-7 24 0 22-H 25-9 

A. F. Benton found that no helium is adsorbed by manganese dioxide between 
— 79° and 184°. According to W. Muller, G. Forchhammer. E. Turner, and 
M. Kavack, hydrogen reduces manganese dioxide to the tritatetroxidc at 202^; 
t\ R. A. Wright and A. P. Luff found that pyrolusite begins to be reduced at 
190^; F Glaser, that the dioxide is reduced to the hemitnoxide at 183 L ; and 
L. Bencdck, that pyrolusite passes first into the hemitrioxide, then into the trita- 
tetroxidc at 280°, and finally into the monoxide. S. Hauser said that reduc- 
tion occurs between 230° and 24f> n . According to II. Muissan, hydrogen at 
230° reduces the dioxide to the hemitrioxide, if more strongly heated, to the 
tritatetroxidc, and at 280°, to the monoxide ; while E. Newbery and J. N. Pring 
found that the dioxide is reduced to metal by hydrogen at 2000* and J 50 atm, 
press. H. Saito, and J. C. W. Frazer and V. E. Greider studied the heat of reduction 
by hydrogen of manganese dioxide. A. dc Hcmptinnc found that there is a slow 
reduction of manganese dioxide by hydrogen at ordinary temp, and press., and 
the product quickly re-oxidizes in air. A. F. Benton studied the adsorption of 
hydrogen and of oxygen by manganese dioxide and found that at —79°, 0°, and 25° 
respectively 0*070, 0*11, and 0*039 c.c. of hydrogen at n.p. $ are adsorbed per gram, 
and that at 25° and 110° respectively 0*234 and 0*085 c.c. of oxygen at n.p. 0 are 
adsorbed per gram. The actions of air. and oxygen are indicated above. J. L. Odicr 
said that when manganese dioxide is heated in air, nitrogen oxides are produced. 
P. Askenasy and E. L. Renyi obtained also these oxides at 280°, and more at a 
higher .temp., not exceeding 700°. The oxides are also produced in an atm. of 
carbon dioxide, and the nitrogen oxide is derived from the manganese dioxide itself, 
which contains 0*002 per cent. — vide 8vpra> nitrates in manganese dioxide. 
O. Brunrk found that the dioxide can be heated above 320° in an atm. of ozone 
and oxygen, but not in air or carbon dioxide. The dioxide docs not act on water. 
W. 0. Bray and H. D. Draper, (\ E. Lanning, and H. W. Foote and J. K. Dixon 
studied the adsorption of water by the dioxide. A. Gorgeu found that pyrolusite 
lias no action on litmus paper, but F. von Kobell added that some varieties, after 
calcination, have an alkaline reaction. According to L. J. Thenard, a soln. of 
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hydrogen dioxide loses all its active oxygen when in contact with manganese dioxide 
without the latter losing any oxygen. G. Bredig and R. M. von Bemeck found 
that the action of one part of manganese dioxide in 10,000,000 parts of soln. is 
appreciable. A. Geuther, and B. C. Brodie said that some manganese dioxide is 
reduced in the presence of acids, and A. Baumann represented the reaction : 
Mn0 2 +H 2 0 2 -“ MnO+HjjO+O*,*. A. Gorgeu found that the manganese dioxide 
remains intact if the hydrogen dioxide is slightly alkaline, but if slightly acidic, a 
little manganese dioxide is reduced. Hydrated manganese dioxide prepared in 
the cold decomposes hydrogen dioxide and at the same time is reduced to an extent 
depending on the proportion of hydrogen dioxide employed. The limit at which 
hydrogen dioxide has no action on manganese dioxide is represented by the basic 
mangamte Mn0 2 .2Mn0.1H 2 0, which can be obtained by the prolonged action of a 
cuncnt of air on manganous hydroxide suspended m its own mother-liquor. Since 
hydrogen dioxide reduces only the oxides above this limit, it would seem that the 
oxidizing action of the dioxide on manganous hydroxide ought to cease at the 
same point. This, however, is not the case ; the manganous hydroxide can be 
oxidized even to a higher degree than the acid manganite MnCL.MnO. The decom- 
position of hydrogen dioxide is more rapid in presence of a strong base, and the 
oxidation of the manganese is at first partly determined by the influence of the 
basic function of the manganous hydroxide, assisted afterwards by the acid function 
of the dioxide which is formed. The higher oxidation may be regarded as due to 
the action of nascent oxygen. M. Martmon found that in a strongly acidified soln. 
a mol of hydrogen dioxide gives a mol of oxygen and at the same time the man- 
ganese dioxide is reduced to the monoxide ; but in alkaline soln. a mol of hydrogen 
dioxide gives a gram-atom of oxygen and the manganese dioxide remains un- 
changed. The results with manganese tritatetroxide and hcmitrioxide are similar. 
G. Tanimann found that a trace of silver sulphate accelerates the rate of decom- 
position. The reaction was studied by A. Lottermoser and R. Lehmann, A. von 
Kiss and F. E. Lederer, F. Wohler and A. Geuther, L. Swiontkowsky, G. Bredig 
and A. March, A. Marck, E. Schone. M. Martmon, R. Engel, T. Gigli, B. C. Brodie, 
A. Carnot, and S. M. Tanatar. G. Bredig and A. Marck found that in the decom- 
position of hydrogen dioxide by colloidal manganese dioxide, in cone, alkaline soln., 
the rate of decomposition diminishes rapidly with the cone, of the alkali. Sub- 
stances such as hydrogen sulphide, hydroxylamme, mercuric cyanide, potassium 
cyanide, iodine, carbon monoxide, and mercuric chloride, which act as “ poisons ” 
in the decomposition of hydrogen dioxide by colloidal metals, exert no depressing 
influence on the activity of manganese dioxide. On the other hand, sodium hydro- 
phosphate reduces appreciably the rate of the reaction, and this is attributed to 
the formation of manganese phosphates. In the presence of mercuric chloride the 
hydrogen dioxide is more rapidly decomposed, and this is probably due to the 
simultaneous action of the colloidal mercury which is formed by reduction of the 
mercuric chloride by the hydrogen dioxide, in which reaction, also, the colloidal 
manganese dioxide acts as a catalyst. In the absence of free alkali no catalytic 
decomposition is observed, and the soln. obtained in these circumstances is quite 
colourless. In the further investigation of the cause of the disappearance of the 
brown colour, it has been found that freshly-precipitated manganese dioxide dis- 
solves to an appreciable extent in cone, hydrogen dioxide soln. cooled to — 20°. 
At the ordinary temp, the resulting soln, evolves oxygen very readily. It is 
supposed that a manganous salt of hydrogen dioxide is present in the colourless 


soln. ; this salt — vide supra — Mn<^m, is isomeric with manganese dioxide, Mn^Q. 


In the so-called oxygen bath produced by adding a mixture of perborate and per- 
manganate to the bath water, hydrogen dioxide and colloidal manganese dioxide 
are produced, and the latter catalyzes the decomposition of the former, producing 
a supersaturated soln. of oxygen, which is liberated in small bubbles on the skin of 
the bather. The effect of electrolytes in the bath water on the evolution of oxygen 
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10 00 marked that it led A. Lottermosei and R„ Lebmann to investigate the influence 
of various salts on the decomposition of hydrogen dioxide by manganese dioxide 
at 30°. The reaction is very sensitive to accidental impurities, and also the 
velocity depends on the order in which the reagents are added to the water in which 
the reaction takes place. The assumption that the increase in the velocity con- 
stants is to be explained by the formation and subsequent decomposition 
of a hydrogen dioxide salt could not be confirmed. The influence of the 
cations of the added salts, which all have the same anion, follows the lyotropic 
series Ba‘">Sr , *>Ca“>Na , >K , >Li\ in which Ba" accelerates the reaction to 
the greatest extent and Li' retards it the most. At higher concentrations, barium 
falls after calcium. Mg'' and NH 4 ‘, on account of the reduction of the cone, of 
the hydroxyl ion which they produce, strongly retard the reaction. 

When manganese dioxide suspended in hot alkali-lye is treated with chlorine, 
alkali permanganate is formed. The reaction proceeds more quickly with the 
hydrated dioxide. L. E. Rivot and co-workers found that the reaction does not occur 
at a low temp. ; at 0° a dark brown substance is formed ; and at 15° to 20° the product 
is dark green. F. P. Venable and D. H Jackson found that the dioxide is chlorinated 
at 460° by a mixture of chlorine and carbon monoxide. According to M Bertheiot, 
the hydroh&lide acids undergo complex reactions, liberating respectively chlorine, 
bromine, and iodine. 0. Ruff and H. Krug found that chlorine trifluoride reacts 
with manganese dioxide with incandescence. G. Gore, and 0. T. Christensen 
observed that manganese dioxide is very sparingly soluble in hydrofluoric add, 
and that it does not dissolve in the water-free acid. K. Fredenhagen and G. Caden- 
baeh studied the action of this acid. According to G. Gore, dry liquid hydrogen 
Chloride whitens manganese dioxide without the evolution of gas or dissolution ; 
and R. E. Hughes found that the dry gas attacks the dry dioxide. M Bertheiot 
observed that cold hydrochloric add dissolves manganese dioxide, with the evolution 
of some chlorine and the formation of a dark brown soln. containing manganese 
trichloride or tetrachloride or a complex of the tetrachloride and hydrogen chloride 
— vide infra; when heated, the reaction is symbolized: MnOg-HHCl - MnCl 2 
-+2H 2 0+C1 2 ; while a mixture of alkali chloride and sulphuric acid forms man- 
ganese sulphate and chlorine. V. Dolejsek and J. Heyrovsky observed that t^e 
higher chloride of rhenium or dwimanganese passes over with the chlorine. Accord- 
ing to T. Schlosing, a mixture of hydrochloric and nitric acids forms chlorine and 
manganous nitrate. C. W. Heinpel, M. M. P. Muir, and W. Hahnel found that dil. 
sulphuric acid and potassium iodide react with the dioxide, liberating iodine. 
According to G. Vortmann, C. L. Muller and G. Kircher, C. W. Heinpel, and 
E. Pollacci, the chlorides furnish rblorme only in the presence of strong acids — 
e.g. sulphuric acid ; the bromides give bromine in the presence of weak acids — 
e.g. acetic acid ; and the iodides yield iodine in the presence of the weakest of 
acids— e.g. carbonic acid. M. M. P. Muir found that the velocity of the reaction 
between manganese dioxide and hydrochloric acid is much accelerated in the 
presence of potassium iodide. A. Baudnmont observed that the m.p. of potassium 
Chlorate is lowered by the presence cf manganese dioxide, and the decomposition 
of the salt is accelerated without forming intermediate perchlorate. The reaction 
was studied by H. M. McLaughlin and F. E. Brown, F. E. Brown and co- workers, 
0. Brunck, W. Spring and E. Prost, E. Jungfleisch, G. J. Fowler and J. Grant, 
A. Wagner, E. Wicderhold, A. Vogel, F. Bellamy, H. N. Warren, G. Krebs, 
0. F. Schonbein, J. C. Poggendorff, M. E. Chevreul, J. C. G. de Marignac, C. H. L. von 
Babo, W. U. E. Hodtrkinson and F. K. S. Lowndes, H. MacLeod, E. J. Mills and 
G. Donald, W. H. Sodeau, Y. Kato and T. Matsuhashi, and V. H. Veley— vide 1. 8. 7. 

J. A. Arfvedson found that when manganese dioxide is heated with Sulphur, 
sulphur dioxide and manganous sulphide are formed. A. Wagner, and E. Donath 
observed that iron -free pyrolusitc decomposes hydrogen sulphide, funning a sulphide 
which, in a current of carbon dioxide, gives of! hydrogen sulphide, but retains a 
little sulphur. According to A. de Hemptinne, manganese dioxide rapidly absorbs 
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hydrogen sulphide from a mixture of this gas with hydrogen, manganese sulphides 
being formed. The absorption is much more rapid than with dry hydrogen sulphide 
alone, although in presence of moisture this gas is readily absorbed by manganese 
dioxide. E. Priwoznik found that yellow ammonium polysulphide at 100° forms 
green manganous sulphide ; while E. Donatli and F. Milliner found that when the 
dioxide is boiled with metal sulphides a thiosulphate is formed. R. E. Hughes 
observed no reaction between dry sulphur dioxide and dry manganese dioxide ; 
but 3. Meyer and W. Schramm observed that when the dioxide is suspended in 
water, two reactions occur, according to the equations 2Mn0 2 -|~4S0 2 
==Mn 2 (S0 a )3‘+S08=MnS0 4 +S0 2 -f MnS 2 O fl and Mn0 2 +S0 2 -=Mn80 4 ; the latter 
is favoured and the fo'rmer repressed by increase of temp. E. J. Russell and 
N. Smith said that manganese dioxide does not react with sulphur dioxide, but, 
according to D. L. Hammick, if the manganese dioxide be finely divided 1 , inter- 
action occurs at dull redness, with the evolution of light and heat. The reddish' 
brown powder which is formed contains manganese sulphate and one or both of 
Mn 2 0 3 and Mn a 0 4 . With a prolonged heating, manganous sulphate is formed — 
vide sulphur dioxide. The reaction was also studied by J. Meyer, J. Meyer and 
W. Schramm, and T. S. Dymond and F. Hughes — vide sulphur dioxide. A. Over- 
beck, J. Meyer, and J. J. Welter and J. L. Gay-Lussac found that manganese 
dioxide dissolves in an aq. soln. of sulphur dioxide, forming manganous sulphate 
and dithionate (q.v.). C. W. Davis studied the solvent action of sulphurous acid. 
F. J. Otto observed that ammonium sulphite in ammoniacal soln. reduces the 
dioxide to the monoxide. According to G. Scurati-Manzoni, zinc, aluminium, and 
chromic sulphites react with hydrated manganese dioxide to form manganous 
sulphate and the corresponding hydroxide. According to H. Hess, and 
L. Carius, when manganese dioxide is heated with cone, sulphuric acid 
to 110°, one-fourth of the oxygen is evolved and manganic sulphate is formed : 
2Mn0 2 +3H 2 S0 4 = Mn 2 (SO 4 ) a -f3H 2 0-f 0 ; and if heated more vigorously, another 
fourth of oxygen is given off and manganous sulphate is formed : 
Mn 2 (S0 4 ) 3 =2MnS0 1 H 80 3 H O. According to P. Berthier, F. Jones, F. Gobel, 
E. Donath, and (\ R. Fresenius and II. Will, the dioxide does not dissolve in dil. 
sulphuric acid, except in the presence of organic substances — e.g. oxalic acid or 
sugar — which take up the peroxidic oxygen. K. Thaddeeff found that boiling 
sulphuric add does not acquire a colour such as is obtained with brauritc. 
C. R. A. Wright and A. E. Menkc found that the artificial dioxide produces no 
coloration when in contact with cold sulphuric acid for 24 hrs. ; and II. A. von 
Vogel, and C. F. Schonbcin observed the formation of manganic sulphate when 
the dioxide is in contact with cold sulphuric acid— vide infra for the action of 
mercury on the reaction. For the adsorption of acids by manganese dioxide, and 
the weak basic properties of the dioxide, vide i nfra, the action of hydrogen on 
potassium permanganate. E. Bamberger found that at ordinary temp, mono- 
persulphuric acid decomposes manganese dioxide with the evolution of ozonized 
oxygen ; and M. Traube said that the hydrated dioxide forms manganese sulphate 
and free oxygen when it dissolves in penulphuric acid l under these conditions 
the anhydrous dioxide is not reduced. A. Seyewetz and P. Trawitz observed that 
when the dioxide is boiled with a soln. of ammonium persulphate, violet per- 
manganate is produced- -the coloration Is so sensitive that 1 : 100,000 parts of 
manganese can be detected. According to W. Schmid, and A. I«augier, selenious 
add forms selenic acid as it reduces manganese dioxide, and L. Marino and V. Squin- 
tana found that some manganous selenite, Mn(ScO a ) 2 , is formed. 

A. F. Benton found that at 25°, 110°, and 184° respectively 0-301, 0*081, and. 
0-038 c.c. of nitrogen at n.p. 6 are adsorbed per gram of manganese dioxide. F. JKuhl- 
mann, and 0. Michel and E. Grandmougin found that when manganese dioxide is 
heated in a current of ammonia, the reaction can be symbolized : 6Mn() 2 +2NH a 
=-N 2 H 3Mn 2 0 a +3H 2 0, and if the temp, be higher, sotne nitrous fumes are pro- 
duced. N. Smith added that in the presence of manganese dioxide, aq. ammoniu 
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forms nitrites and nitrates when exposed to air. G. Leoncini and C. Pieri found 
that smimwinm salts are not oxidized by manganese dioxide at ordinary temp. 
According to E. Divers, soln. of ammonium chloride in the presence of certain 
metale^c.^. zinc— are decomposed by manganese dioxide ; hydrogen is given off 
and some metal passes into soln. C. Drolschmann found that in the Lcrlaneh4 
cell, abnormal amounts of manganese were found in the electrolytes in which 
artificial pyrolusite was used, although the dissolution of manganese did not appear 
to be a direct consequence of the depolarizing action of the manganese dioxide. 
The enhanced chemical action of the artificial variety* caused a greater attack on 
the zinc. The development of free ammonia in the electrolyte of a cell when kept 
for 14 days was greater when the zinc electrode was completely immersed than 
when it was partly exposed to the air. Less hydrogen was developed by a cell 
containing artificial manganese dioxide than by one containing the natural 
product when kept on open circuit. F. Fischer and F. Bangert observed that 
at 800° to 1000° methane reaots with the oxide, forming a carbide. A. Purgotti 
found that the dioxide reacts with an acid suln. of hydrazine sulphate in 
accord with 2Mn0 2 -f N 2 H4,H 2 S0 4 +H 2 S0 4 =2MnS0 4 4 4H 3 OH N 2 ; and with a 
neutral soln, in accord with 2Mn0 2 +2(N 2 H4..H 2 S0 4 )i- H 2 0 -2MnS0 4 +4II 2 (> t-N 2 
+N 2 H4.H 2 0. E. J. Cuy and co-workers studied the reaction. 11. Goldberg 
i found that when the dioxide is heated with potassium azide, potassium manga ri ate 
is formed. P. Sabatier and J. B. Sendercns found that at 400" nitric oxide reduces 
manganese dioxide to the hemitrioxide. H. A. Auden and G. J. Fowler observed 
that at ordinary temp, a basic nitrate is slowly produced by nitric oxide ; the action 
is faster at a higher temp. According to G. Kastner, and C. F. Hchonbein, 
nitric oxide in the presence of water acts on the dioxide, forming manganous nitrite, 
and if a large excess of dioxide be present, manganous nitrate. P. Sabatier and 
J. B. Senderens observed that nitrogen peroxide forms a nitrate. With nitrous 
add, manganous nitrate is formed. According to P. Berthier, F. Jones, 
F, Gobel, E. Donath, and C. R. Fresenius and H. Will, the dioxide does not dissolve 
in nitric acid unless an organic substance is present — e.g. oxalic acid or sugar — 
which takes up the peroxidic oxygen — vide infra for the action of mercury on the 
reaction. H. Bomtrager found that manganese dioxide readily dissolves in 
mtroflyhulphoam acid* F. Wohler found that when manganese dioxide is heated 
with aodium nitrate, in the absence of air, the nitrate is completely decomposed, 
but no manganate is formed ; but in air, J . G. Gen tele found that sodium manganate 
is produced. F. Kuhlmann added that impure pyrolusite is more active than the 
pure dioxide. According to J. W. Gatehouse, in the presence of manganese dioxide 
ammonium nitrate decomposes between 165° and 2(X)°, in accord with : 
Mn 0 2 + 4 NH 4 N 0 a==Mn(N 03 ) 2 + 8 H 2 0 + 3 N 2 — alone, the ammonium nitrate decom- 
poses at 215°. L. C. A. Barreswil showed that when the dioxide is heated with 
syrupy phosphoric add, or with an alkali phosphate, violet manganic phosphate 
is produced. A. Michaelis observed no reaction occurs between phosphorus tri- 
chloride and manganese dioxide at 200°. L. C. A. Barreswil found that arsenic add 
forms manganic arsenate when it is heated with manganese dioxide, and at a higher 
temp, oxygen is evolved. C. Reichard found that anenions add is oxidized by 
manganese dioxide in alkaline soln. at 50°. 

The dioxide is reduced to the metal (q.v.) by carbon at a high temp. G. Tam- 
mann and A. Sworykin said that the reaction with sugar charcoal starts at 460°, 
and with graphite at 550° ; and that 2Mn0 2 +C kmor ph 01M =2Mn0+C0 2 +26-6 Cals. 
H. Bahr and F. Fallbohmer observed that the addition of manganese dioxide to 
coal favours the reactivity of the resulting coke as a catalyst in the reaction 
C+C0 2 — 2CO. Confirmatory results were obtained by J. H. Jones and co-workers. 
H. S. Taylor and co-workers discussed the activation of manganese dioxide as a 
catalyst by chromic oxide. I. L. Bell observed that at about 420° manganese 
dioxide is reduced to the monoxide by carbon wwiiwMa ; with pyrolusite, 
C. R. A. Wright and A. P. Luff found that the reaction begins at about 87°, and 
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no carbonate is formed. H, Saito studied this reaction ; and W. A. Whitcscll and 
J. (\ W. Frazer, H. S. Taylor, and A. F. Benton found that at —79°, 0°, and 25° 
respectively 6-92, 1-90, and 1*26 c.c. at n.p. 0 of carbon monoxide are adsorbed per 
gram. H. Tropsch and A. von Philippovich, J. A. Almquist and W. C. Bray, 
W. M. Hoskins and W. ('. Bray, W. 0. Bray and G. J. Doss, H. 1). Drajier, 
B. Neumann and co-workers, H. A. J. Pieters, E, J. Witzemann, and W. E. Kuentzel 
studied the catalytic effect of manganese dioxide on the oxidation and decom- 
position of carbon monoxide, etc., and W. P. Yant and C. (). Hawk, cm the oxidation 
of methane. F. Merck and E. Wedekind, and E. Baur studied the action of 
the catalyst hopcahte - Mn0 2 : CuO -GO : 40 per cent, on the oxidation of carbon 
monoxide. (\ E. banning, and A. F. Benton studied the adsorption of carbon 
monoxide and of carbon dioxide by manganese dioxide and found that at 0°, 
25°, 100°, and 184° respectively 8*66, 0-17, 1-20, and 0-12 e c. of the carbon dioxide 
at n.p. 9 are adsorbed per gram ; and H. W. Foote and J. K Dixon showed 
that water retards the adsorption of carbon dioxide by manganese dioxide. 
P Sabatier and A. Maillie discussed the entalytie effect of manganese dioxide 
in the dehydration of ethyl alcohol ; and H. i). Draper, the pore vol. of the 
dioxide as a catalyst. .1 (\ W. Frazei and C. E. Greider studied the heats of 
reduction of manganese dioxide by carbon monoxide. T Bergman found 
that pyrolusite is attacked by water with carbon dioxide in soln. L. Hack- 
spill and R. Urandadam observed that manganese dioxide is partially reduced by 
sodium cyanide to the metal when heated at 570° to 700 J in vacuo , and A. Kutzel- 
nigg, that the powder oxidized u soln. of potassium ferrocyanide, possibly -in 
part by adsorbed oxygen. 11. W. Foote and J. K. Dixon studied the adsorption 
of benzene vapour by manganese dioxide. J. W. Ddbereiuer found that when 
manganese dioxide is wanned with alcohol and sulphuric acid, aldehyde and other 
products are formed ; ami A Baudrimont found that with ethylsulphuric acid, 
aldehyde is funned .1 (’ W. Frazer and (\ E. Greider studied the heat of oxida- 
tion of carbon monoxide by manganese dioxide. A. Bnghenti observed that 
manganese dioxide acts catalytically in oxidizing methyl, ethyl, and propyl alcoholic 
soln. of the corresponding aleoholates, and also the viipouis of these alcohols. 
G. Matignon and R. Trnnnoy found that manganese dioxide acts like platinum 
in accelerating the oxidation of ether. H. (\ Bolton found that the dioxide is 
decomposed by citric acid in the cold, readily so when heated — 9Mn() 2 | JOH B C 0 O 7 
— 9MuH fl C 0 O 7 f-l3H 2 0 t 6GOo ; oxalic acid acts more quickly. K. Schroder 
observed that some of the reduced oxide may be TC-oxidized by atm. oxygen. 
According to A. Skrabul, the reaction between oxalic acid and manganese dioxide 
is similar to that with potassium permanganate. Tin* reaction between 

permanganate and oxalic acid takes, place in the following stages : 
(incubation period) (1) t KMuO^Mu' 4 C0 2 (mensurable); (2) 

GjjHjjO^t-Mn' " , ->Mn(OH) 2 4 GO* (practically instantaneously) : (induction pniod) 
(3) Mn(OH) z h KMn0 4 -»Mn‘' (less quickly than the former stage); (4) Mn " 
H G z H 2 0 4 ->Mn(OH) z -|-00 2 (practically instantaneously); (3) Mn’"4 P2H2O4 
->lMn(OH) a .G a Hj{() 4 ] (practically instantaneously); (6) 2Mn , "->Mn(OH) z f Mn(l)Il) 4 
(practically instantaneously); (end period I); (7) [Mn(OH) ; j.( ‘ 
(measurable) ; (8) C 2 H 2 0 4 4 Mn"'->Mn(()H) 2 | 0O 2 (practically instantaneously) , 
(end pniod II) ; (9) Mn(OH) 8 f Mn(OH) 4 -*2Mn'" (less quickly than the former 
stage); (It)) 0 a H 2 <) 4 -+ Mn ”-»Mn(OH) z \ ( O* (practically instantaneously). The 
rate of stage (1) increases with increase of amount of acid present. Stage (4) is con- 
ditioned by the rate at which the ions Mn‘” are formed in stage (3) In the presence 
of manganese sulphate the incubation period is not observed, whilst the measurable 
reaction in the induction period proceeds very quickly. If the conditions for the 
formation of complex manganic salts are favourable, that is, if the concentration 
of oxalic acid is great and that of hydrogen ions small, stage (.>) proceeds more 
quickly than any other stftgo m the induction period, and the end period is expressed 
by (7) and (ft).* Otherwise, stage (f») is the most rapid in the induction period 
VOL. XII. * 
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and the end period is expressed by (9) and (10). A. Skrabal and J. Preiss obtained 
analogous results with formic add. D. Talmud and N. M. Lubman found that the 
Notability of manganese dioxide in oleic add or mixtures of oleic acid and 
ammonia is a maximum when p n =7. G. Bnmi and C. Felizzola found that colloidal 
manganese dioxide causes raw caoutchouc to become tacky by catalytic oxidation. 
W. Thomson and F. Lewis studied its action on indiarubber. W. E. Adcney 
noted the reduction of the dioxide to manganous carbonate by bacterial fermen- 
tation. The decomposition of the dioxide by dil. sulphuric or nitric acid in the 
presence of oxalic acid or sugar was studied by IV Berthier, F. Jones, and 

C. R. Fresenius and H. Will. G. Lconcini and C. Fieri found that manganese 
dioxide is incapable of oxidizing organic nitrogen at ordinary temp. ; ammonium 
compounds are not oxidized ; fatty amides are oxidized to nitric acid in boiling 
aq. soln., with or without acid or alkali, but not below 30° ; but amino-acids 
and purine-derivatives are not oxidized. 

L. Kahlenberg and W. J. Trautmann observed that when a mixture of powdered 
silicon and manganese dioxide is heated over the bunsen burner/ a sudden glowing 
occurs, and at a higher temp, reduction occurs. According to G. Rauter, when 
Silicon tetrachloride is heated with the dioxide, chlorine, silica, and manganous 
chloride are formed. F. Knapp found that pyrolusite dissolves in molten glass as 
manganous oxide and oxygen is evolved ; on cooling the oxide crystallizes out ; 
if an excess of soda be added, and the muss extracted with sulphunc. acid, manga- 
noflic oxide remains. Manganese dioxide is used as a bleaching agent for glass — 
vide supra. 

L. Franck found that the dioxide is readily reduced by a himinium at a high 
temp. V. Shuleikin and X, Solovova Btudied the liberation of heat in the thcmiite 
reaction with aluminium. J. Meyer and R. Kanters found that neither manganese 
dioxide nor mercury dissolves in cold, dil. sulphuric or nitric acid, yet together they 
dissolve readily: Mn0 2 -f 2Hg+4HN0 3 =Mn(N03) 2 +2HgN03+2H 2 0 by a kind 
of coupled reaction. With sulphuric acid: 2MnO z -f 3Hg-f 3H 2 S0 4 — 2MnS0 4 
4 HgS0 4 .Hg 2 0+3H 2 0. If a 25 per cent. soln. of ammonium, calcium, or 
magnesium chloride is used in place of acid, the mercury is dissolved, although 
to a much smaller extent, in the form of mercuric chloride. 

F. de Carli found that mixtures of cuprous oxide and manganese dioxide begin 
to react at 350° ; no reaction was observed with cupric oxide. G. N. Lewis found 
that the decomposition of silver oxide is accelerated by manganese dioxide. 

D. Balareff said that barium oxide reacts vigorously with manganese dioxide below 
300°, with the evolution of much heat. Barium oxide containing a trace of water 
reacts with manganese dioxide at 240 r> , but calcium oxide does not do so below 
930°. F. de Carli found a mol of barium, strontium oxide, or calcium oxide mixed 
with 1 , 2, or 3 mols of manganese dioxide begins to react at 150° to 250°. No reaction 
was observed with magnesium, zinc, or cadmium oxide ; stannous oxide begins to 
react at 180° ; but no reaction was observed with lead oxide or chromic oxide. 
In general, R. Bottger showed that manganese dioxide or its hydrate behaveB as 
an oxidizing agent. Thus, II. A . von Vogel, J. W. f). Harvey, and C. Schorlemmcr 
and T. E. Thorpe showed that it oxidizes stannous Chloride to stannic chloride. 
A. Gorgeu found that unlike the hydrated dioxide, the neutral and dry dioxide is 
not hydrated by contact with soln. of alkali hydroxide. O. Dieffenboch found 
that pyrolusite is difficult to hydrate in this way, but if heated with alkali-lye 
under press., hydration occurs. G. Forchhammer, E. Mitscherlich, W. Spring 
and M. Lucion, T. Monticelli and N. Covelli, P. F. Chevillot and W, F. Edwards, 
C. W. Eliot and F. H. Storer, and N. Beketoff found that when manganese dioxide 
is heated with potassium hydroxide in the absence of air, potassium manganate 
and manganese hemitrioxide are formed : 3Mn0 2 =MnO a -£ Mn 2 O a — vide infra . 
L\ Sinks and J. Macqueen, C. Taquet, and J. Townsend observed that when the 
dioxide is heated with magnesium chloride, chlorine, magnesia, and manganous 
chloride are produced ■ Mn0 2 +2MgCl 2 — MnCl 2 +Cl 2 +2MgO. Hydrated man- 
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ganesc dioxide exhibits acidic properties ; A. Gorgeu, and J. M. van Bemmelen 
found that it reddens litmus, it takes up alkalies, and alkaline earths from soln., 
it liberates carbon dioxide from carbonates, and it imparts an acidic reaction to 
neutral soln. of sails of the alkalies, alkaline earths, and silver. Hydrated man- 
ganese dioxide exhibits basic properties, which are rather feeble. It forms salts- - 
permanganitea. For compounds with various bases, vide infra , the permanganites. 
H. N. Morse found that a neutral soln. of potassium permanganate is reduced by 
manganese dioxide ; the soln. remains neutral, and all the alkali goes into the 
precipitate — vide infra , potassium permanganate, The reaction was studied by 
F. W. Skirrow. A. Gorgeu observed that the hydrated dioxide, if of a high degree 
of purity. Hoes not decolorize a soln. of potassium permanganate. 

P. Berthier, 2 A. Gorgeu, and J. Volhard prepared hydrated manganese dioxide, 
approximating Mn0 2 .H 2 0, or manganese oxydihydroxide»MnO(OH)2, by repeatedly 
boiling manganous oxide or hydroxide or one of the oxides between manganese 
monoxide and dioxide with rone, nitric acid. When the wash-water is no longer 
acidic , the hydrated oxide is peptized to form a brown fluid which is not flocculated 
by filtration, by shaking, or by standing for a long time ; but the Addition of an 
acid, ammonia, or electrolyte coagulates the dispersed solid. G. Forchhammer 
heated manganous carbonate in air to 260°, and extracted the remaining manganous 
oxide or carbonate with hot nitric acid or cold, dil. hydrochloric acid. The nearest 
approach to Mn0 2 obtained by W. Reissig was by heating the carbonate for 3 hrs. 
at 300'’. The hydrated dioxide is also produced when a manganous salt is treated 
with an oxidizing agent. Fur example, B. C. Brodie, and 0. Friedheim treated 
manganous hydroxide with an alkaline soln. of hydrogen dioxide. The reaction 
is the basis of a process by P. Jannasch and co-workers for the separation of man 
ganesc and zinc in ammoniacal soln. by the addition of hydrogen dioxide, when the 
manganese is precipitated as MnO(OH) 2 . The process was examined by 
A ,1. Walker and W. Fanner. A. Mailfcrt, and L. Maqucnne precipitated hydrated 
manganese dioxide with ozune ; and M. Gcloso, and G. von Knorre, with ammonium 
persulphate. The 1 subject was discussed by H. Baubigny, A. Carnot, E. Donath 
and It. Teller, M. Dittrich, M. Dittrich and C. Hassel, and F. M. Raoult. According 
to 0. Dieffenbach, native oxides which are attacked with difficulty by alkali-lye 
are readily hydrated if heated under press. 1\ Berthier passed an excess of chlorine 
through water holding in suspension finely-divided manganous carbonate, and 
extracted the unconverted carbonate from the product by cold, dil. nitric acid, 
or, according to A. Gorgeu, by boiling with at least 10 per cent, nitric acid. 
F. J. Otto found that the product of the action of chlorine is the hydiated dioxide, 
but that the subsequent treatment with nitric arid reduces some of the dioxide. 
R. Phillips, V. Eggertz, 0. R. Frcsenius, E. and B. Klimenko, J. Post, A. Goigou, 
R. Bottgcr, J. Patt insun, J. Volhard, C. Mcineke, ami K. M. Dingier used sodium or 
calcium hypochlorite as oxidizing agent ; and C. R. A. Wright and A. W. Menkc, 
N. G. Simpson, and G. C. Winkclblech, bromine. C. F. Rammclsberg obtained 
the hydrated dioxide as a black precipitate by allowing a soln. of manganous 
bromatc to stand for a short time. Mixtures of a chlorate and nitric acid were 
used for the oxidation by F. Bcilstein and L. Jawein, J. B. JIannay, A. Carnot, 
W. Hampc, A. P. Ford, F. A. Gooch and M. Austin, R. Mackintosh, and G. 0. Stone. 
According to W. W. Fisher, when the dark brown liquid obtained by dissolving 
manganese dioxide, hcmitrioxulo, or tritatetroxide in cold, cone, hydrochloric 
acid is diluted with a large proportion of water, it soon deposits a brown pre- 
cipitate of the hydrated dioxide. S. U. Pickering, however, found that the com- 
position of the precipitate from manganese trichloride soln. and from the brown 
soln. prepared by W. W. Fisher ranged from ]6Mn0 2 .r)Mn0 to 36Mn02-5Mn0, or 
from HMn0 2 .5Mn 2 0 y to 31Mn02.f)Mn 2 0 a . C. It. A. Wright and A. E. Mcnke 
also observed that if the original dioxide contains alkali the precipitate also contains 
alkali. t\ F. Schonlicin, and J. M. van Bemmelen found that soln. of manganese 
tetracetate or disulphate quickly decompose, depositing the hydrated dioxide. 
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B. Franke found that a soln. of potassium manganic sulphate in dil. sulphuric acid, 
quickly formed a precipitate of hydrated dioxide, which was quickly filtered, 
washed successively with water, alcdhol, and ether, and dried. 

The hydrated dioxide was prepared by E. Mitscherlich by boiling a solu. of 
potassium manganate or permanganate with an excess of sulphuric, nitric, or oxalic 
acid ; he represented the composition of the precipitate by Mn0 2 .H 2 0 ; and when 
dried over cone, sulphuric acid, C. F. Rammelsbcrg, and T. Morawsky and J. Stingl 
represented the composition by the formula 3Mn0 2 .2H 2 0 ; E. Fr^my represented 
the air-dried precipitate by 10MnO 2 .MnO.22}H 2 O ; and A. Lumifcre and A. Seye- 
wotz, by 2Mn0 2 .H 2 0 ; C. R. A. Wright and A. E. Menkc gave for the 
composition of products dried for some months over cone. Mulphuric acid : 
K 2 0.27Mn0 2 .2Mn().8H 2 0, and K 2 0.32Mn02.2Mn0.22H 2 0, and J. M. van Bcm- 
melen studied the adsorption of alkalies by the colloidal product. Hydrated 
manganese dioxide is also a product of the action of many reducing agents on soln. 
of potassium permanganate, but T. Morawsky and J. Stingl, and C. R. A. Wright 
and A. E. Menke found that the product always contained some alkali — say 
K a O 8Mn() 2 .3H 2 0. N. C. H. Srhjerniug boiled a soln. of potassium permanganate 
with a mixture of sodium tn, sulphide and thiosulphate ; T. Macalpine reduced 
an alkaline soln. of potassium permanganate with acetylene : A. Steopoe, with 


Table 1.- Active Oxygen in the Products of the Reduction of Potassium 

Permanganate (O : MnO) 


.Reducing Agent 


Sulphite 
Thiosulphate 
Potassium iodide 
Potassium arsenite 
Methyl alcohol 
Ethyi alcohol 
Propyl alcohol 
Olyeerol 
Acetone 
Oxalic acid 


1 per cent, KMn0 4 Boln 


Neutral 

Acidic 

0-990 

0-915 

0*795 

1 -000 

0-990 

1 -000 

— 

0-500 

0-885 

0-930 

0-905 

0-985 

0-965 

0-995 

0-675 

0-830 

0-665 

0-795 


0 l per rent 

KMn0 4 soln 

Neutral 

Acidic 

0-910 

0-995 

0-825 

0-930 

0-975 

0-990 

— 

0-720 

0-980 | 

1-000 

1-000 1 

0-985 

J -000 1 

0-985 

0-785 | 

0-845 

i 

0-890 

0-600 | 

__ 


ethylene ; and W. Spring and G. do Bocck treated a soln. of the permanganate with 
sodium thiosulphate. M. Groger examined the action of different reducing agents 
on acidic and neutral soln. of potassium permanganate, and represented the number 
of atonm of active oxygen per mol. of MnO in the product — Table I. According to 
M. Geloso, in the titration of soln. of potassium permanganate with O-liV-sodium 
arsenite, within a certain range of concentration of sulphuric acid, the manganese 
oxide is reduced to Mn 3 0 5 ; in neutral soln., or with insufficient acid, a brown 
turbidity or a yellow coloration is obtained, whilst an excess of acid gives a pink 
Noln., the corresponding states of oxidation of the manganese ranging continuously 
from MuOm through Mn ft 0 Jt and Mn 3 0 r , to Mn 2 () 3 . The end-point is similar with 
certain concentrations of nitric acid, but never ju presence of tartaric or phosphoric 
acids. The degree of oxidation of the manganese at the end-point is affected 
considerably by Ag'-ions, less by AsO^-ions, whilst in presence of Mn"-ions the 
reduction proceeds quantitatively to Mn() 2 . The variation in composition of the 
reduction product with various conditions proves that the formulae Mn 3 0 5 and 
Mn 0 O 11 do not represent definite compound*, the green liquid being a colloidal 
soln. of Mn0 2 with other substances adsorbed. This sol has a wide absorption 
band extending to 4900 A., and it polarizes the light it scatters. A similar colloidal 
soln. is obtainable by adding sulphuric acid to a soln. containing permanganate 
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and arsenite and diluting tho product. The hydrated dioxide is also formed when 
a soln. of potassium permanganate is treated with a manganous salt. G. Forch- 
hammer used a mixture of 2 mols of the permanganate and 3 mols of the manganous 
salt in dil. soln. : 3MnCl 2 4-2KMn0 4 4-2H 2 0=2KCl-f 4HCl+5Mn0 2 . This reaction 
was found by A. Gorgeu to occur when a manganous salt is gradually added to a 
soln. of the permanganate and the liquid neutralized by calcium carbonate ; when 
the permanganate is added to the soln. of manganous salt, precipitation is complete 
when 2 mols of the permanganate have been added to 4 mols of the manganous 
salt : 4Mnd 2 +2KMn0 4 -f 3H 2 0=2KC1 -(-GHCl+SMnOa.MnO, and if more perman- 
ganate be added the reaction progresses : 3(r)Mn() 2 .Mn0)+2KMn0 4 4-2Hn - 2KC1 
+20Mn0 2 +H 2 0 without the evolution of chlorine or of oxygen. When cone, 
soln. arc used, F. Jones represented the reaction : 2Mn01 2 +2KMn0 4 — 2Mn z 0 3 
4 2KC1-) Cl 2 +0 2 . Observations were also made by A. Guyard, J. Volhard, 

J. Meyer and R. Ranters, C. Meineke, (\ Winkler, C. G. Sdrnstrom, R. Schoflcl 
and E. Donath, N. Wolff, W. Hainpc, W. Spring and M. Lucion, R Habich, 
T. Morawsky and J. Stingl, and C. R. A. Wright and A. E. Menkc. These observers 
noted the adsorption of alkali by the precipitate, and A. Gorgeu observed that, 
some of the precipitated hydrated dioxide seems to be reduced by the nitric or 
permanganic acid. 0. T. Christensen recommended gradually adding 180 grans, 
of manganous acetate in two litres of warm water, acidified with acetic acid, to a 
warm soln. of 79 grms. of potassium permanganate in 1500 c.c. of water. The 
precipitate was washed by decantation with warm water. E. Krause hydrated 
pyrolusite by heating it for 8 hrs. with soda-lye at 235° under 8 atm. press. ; and 
Y. Kato and T. Matsuhashi obtained Mn0 2 -H 2 0 by oxidizing the lower oxides 
with oxygen, using sodium hydroxide as catalyst. 1). N. Ghosh obtained the 
hydroxide as a rhythmic precipitate. 

C. Luckow obtained hydrated manganese dioxide by the electrolysis of a dil., 
feebly-acid soln. of a manganous salt — say the acetate or nitrate — free from 
chlorides. With a feeble current the anodic deposit has the composition Mn0 2 .H 2 0. 
C. F. Bochringer, A. (\ Becquerel, M. Berthelot, N. W. Fischer, A. Classen, A. Clas- 
sen and M. A. von Reis, A. Riche, A. Brand, C. Engels, J. Koster, A. Piccini, 

K. Elba, F. W. Skirrow, E. Frei, L. Schucht, F. Riidorff, A. P. Rollet, C. N. Otin 
and E. Grave, the Badische Anilin- und Sodafabrik, M. G. Levi and F. Ageno, and 

J. Oesch, also obtained it by the electrolysis of soln. of manganous chloride, etc. 

G. 11. van Arsdale and C. G. Maier found that the hydrated dioxide can lx* deposited 
from warm acidic soln. containing more than 5 per cent, of manganous sulphate 
as a dense, black, lustrous film when the current density is 275 amp. per sq. m. 
The anodic deposit may be obtained with a 100 per cent, efficiency. The efficiency 
is decreased by acids in cold soln., but with soln. at 65° to 75° the effect iB less. 
Impurities which are reducing agents decrease the current efficiency proportionally 
with the amount present. The reactions which occur are assumed to be 
Mn"+2©=Mn *■ ; followed by hydrolysis, Mn'" +3H 2 0=s=H 2 Mn034-4H‘ ; and in 
acidic soln. this product is deposited as the hydrated dioxide, but in neutral soln. 
there is also a deposit of the hemitrioxide : Mn , '4-H 2 Mn03^Mn(Mn03)4'2H‘. 

F. Hebler found that the composition of the precipitated manganese hydroxides 
varies considerably. 

The peptization of colloidal hydrated tnanganMa dioxide, by dil. alkali-lye, 
or by washing out the excess of adsorbed salts, was observed by A. Gorgeu, 

K. C. Sen and N. R. Dhar, and by J. M. van Bemmelen — vide supra. 

L. Swiontkowsky, and G. Bredig and A. Marck obtained a coffee -coloured colloidal 
soln. by reducing a soln. of potassium permanganate with neutral hydrogen dioxide ; 
and W. Spring and G. de Boeck obtained similar results during the washing of the 
precipitate obtained by the action of a hypochlorite on manganous hydroxide, or 
of sodium thiosulphate on potassium permanganate. During the later stages of 
T® gashing, a deep brown colloidal soln. is formed. E. Deiss obtained a fairly 
stable colloidal soln. by reducing a Boln. of potassium permanganate by arsenions 
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arid. Tf the liquid he evajKirntcd to dryness over sulphuric acid, flic colloidal 
soln. is re-fonned by shaking the dry muss with water. When the soln. is allowed 
to drop into still water, vortex rings are formed resembling those obtained by 
J. J. Thomson and H. F. New all with other liquids. The tirst vortex ring which 
is formed breaks up into several small rings, and the^e in turn break into others. 
All these rings are connected with each other by thin lines of hydrated dioxide, 
giving the whole system the appearance of a rlustoi 01 lestoon of rings. If the 
colloidal soln. be dropped into a salt soln., the hydrated dioxide is precipitated 
in the form of miniature rings, and by using a very dil soln. the system of rings 
will form before coagulation occurs. E. j. Witzemanu prepared the colloidal 
dioxide by the incomplete j eduction of a soln of potassium permanganate bv a 
soln of glut use in the piestmre of a liltlc alkali The colloid can thus be obtuined 
as a viscous liquid, which soon sets to h still jell v . E »l Cuy prepared the colloidal 
soln. by adding a (hop of cone aq ammonia every throe minutes to O-0r>JV-KMn() 4 , 
at 90°, until all the permanganate is reduced. The onlv impmit v is alkali hydroxide, 
which has n marked stabilizing influence. B Sjnlh inn obtained the colloid by 
treating manganese sulphate or acetate wilh potassium sodium tartiate, and then 
with hydrogen dioxide and dil. soda lye. (» Hredig and A. Marck prepared the 
colloid by flic action of hydrogen dioxide on a neutral soln of potassium per- 
manganate. The hydrogin dioxide soln. should not contain more than 3 per 
rent, and the permanganate soln not more than 10 grins per litre. The resulting 
brown soln. is then subjected to dialysis until the clectnc conductivity reaches a 
const unt value. A. Tribal said that a stable colloidal soln. can be readily obtained 
by oxidizing a manganous salt in the presence of a pioteetive colloid c r/ albumin, 
dextrin, gum urabic, sodium albuminates, or starch. E. Deiss observed that 
colloidal ferric and aluminium hydroxides act as protective colloids if the amount 
of manganese in soln. is relatively small. If larger quantities of manganese arc 
present, ferric hydroxide bclmvcs quite differently, in that it favours the precipita 
tion of the dioxide. The hydrosol free from alkali was prepared by S. fi. Joslii 
and T. S. Narayan, and S. Sarvottam and T. S. Narayan. 0. Fisseler added a soln. 
of manganous sulphate to one of sodium lysalbinate or protalbmate, and then treated 
the liquid with sodium hypochlorite. The dialyzed liquid can be evaporated on 
n water-bath at 70°, and finally in vacuo over sulphuric acid. The black, glistening 
plates form a dark brown colloidal soln when digested with water. G. Bredig 
and A Marck found that colloidal soln. of manganese dioxide exhibit large numbers 
of iiltramicrosoopio particles. Coagulation takes place on addition of salts, although 
potassium permanganate is without effect. Acids also bring about coagulation, 
but small quantities of alkali hydroxides have appaiently no influence on the 
stability of the soln. The stability is dependent on the conditions of preparation, 
and increases with the dilution of the hydrosol. In presence of gelatin, floccula- 
tion by neutral salts is not brought about so readily. The colloidal particles move 
toward the anode in an electric field. For its action on hydrogen dioxide, vide supra, 
manganese dioxide. According to A. Nteopoc, colloidal soln. of manganese dioxide 
have been prejmred by passing ethylene through potassium |>emianganate soln., the 
particular advantage of this method being that the removal of electrolytes is 
unnecessary, since the oxidation product ot the ethylene, viz., glycol, is electro- 
cheinically indifferent, and the potassium hydroxide formed is without influence 
on the stability of the. sol. The sol is more stable m stoppered than in unHtoppered 
vessels owing in the latter case to the actum of atm. carbon dioxide. In a series 
of sols containing from 2*2125 to 0*0470 per cent, of munganese dioxide, those of 
intermediate cone, showed the maximum stability, the dil. sols being almost as 
unstable as the cone. ones. After preparation the sols separate into two or three 
transparent, yellow to brown layers, which on stirring do not re-separate. On 
long keeping, the layers disappear of their own accord, and they are not formed at 
all in the presence of protective colloids. The phenomenon is explained by assuming 
that the separation into layers indicates a separation of particles according to their 
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size. and that the final homogenization represents the disappearance of the smaller 
particles to the advantage of the larger. N, R. Dhar discussed the colour of the 
hydrosols. The coagulation was studied by S. Prakaah and N. R. Dhar, and 
J. Mukherjee and co-workers ; and the rhythmic precipitation, by D. N. Ghosh. 
S. Roy and N. R. Dhar observed that insolation favours the coagulation of the 
hydrosol, 

E. Deiss showed that it is probable that the precipitation of manganese dioxide 
is always preceded by the temporary formation of a colloidal soln. of the substance, 
coagulation resulting as a consequence of the presence of electrolytes. The forma- 
tion of the iridescent flakes of manganese dioxide, which can be frequently observed 
in the oxidation or reduction of manganese compounds, in also attributable to the 
transient fonnation of a colloidal soln. N. R. Dhar and co workers, S. G. Ohatterji, 
and i\ B. Ganguly and N. R. Dhar studied the precipitation of colloidal manganese 
dioxide by electrolytes in the presence of a protective gelatin ; and also the adsorp- 
tion of ions bv the colloid. It was found that an ion with the highest precipitation 
value for the < olloid i.s most strongly adsorbed by the colloid, and conversely. 
According to B Ghosh, the adsorption of cations from salt soln. proceeds in the 
decreasing order : Ba, Sr, Mg, K, Na, und Li ; and of the acids HjjPO t , H 2 SO t , 
and HN0 3 . The subject was studied by S. Ghosh and N. R. Dhar, M N. Ghakra- 
varti and co-workers, and W. Engelhardt. W Ilunuuclrhcn und H. Kappen 
found that the decomposition of potassium sulphate m aq soln by hydrated 
manganese dioxide is very rapid, for the amount of sulphuric acid formed in f> mins, 
is the same si^ that formed in 3 hrs. -65 per cent of the potassium in (MHGfiAT-KgSO* 
was adsorbed, but only G per cent, of that from a (MAT-soln. S Liepatofi regarded 
the adsorption of a base from a salt as a chemical process of distribution of base 
between the acid of the adsorbent and that remaining m soln \V Ghlnpm and 
A Balandin studied the adsorption of barium chloride and found the effect to la due 
partly to the reaction MnO(OH) 2 |-BaG] 2 *-BaMnO a -|-2H(J1 and to the adsorption 
of one of the resultants of the read ion by the colloid. The adsorption of salt soln. 

studied by M Mehrolra and K. G. Sen : and of arsenic trioxide, by K. G Sen. 
I\ N Pavloff showed that in the adsorption of silver from a neutral soln. of silver 
nitrate bv freshly prepared hydrated manganese dioxide, the soln. becomes strongly 
acid. The adsorption of silver ions is regarded as a chemical process which can be 
explained by the amphoteric character of manganese dioxide, for in this ease it acts 
as an acid This subject was studied bv 11. B Weiner, F lfaflner, L S Lex \\ and 
N Schilotf According to M. Gcloso, in the precipitation of hydrated manganeae 
dioxide from a soln. of manganous sulphate by ammonium persulphate, in the 
presence of iron, nickel, and copper salts, the metals are adsorbed m accord with 
u M! 1 1*- vonfer 5,39,9. With ferric ammonium sulphate soln , the adsorption of 
iron is a function of the concentration of the ferric soln. For each concentration 
there is an adsorption pressure corresponding with each temp. ; the system is thus 
un iva riant and no compounds are formed. As the amount of adsorption increases 
with rise of temp., the phenomenon is endothermic ; moreover, adsorption is corre- 
lated with the state of aggregation of the precipitate, as its exten! is much decreased 
by prolonged digestion of the precipitate before adding the ferric soln. The relative 
amount of precipitant (ammonium persulphate) which conditions the size of the 
solid particles formed thus has some influence on the adsorption. 0. Kreiiuer 
observed the preferential adsorption of iron from soln. containing aluminium sul- 
phate ; and A. W. Pilkoff, the adsorption of radioactive ionium, and uranium X. 
H. Udluft. found that dolomite adsorbs ferric hydroxide sol but not manganese 
dioxide sol, whereas clay adsorbs both. Manganese dioxide and ferric hydroxide sols 
exert a protective action on one another. Humus, however, precipitates ferric 
hydroxide but not manganese dioxide. The hydrogen carbonate ion precipitates 
ferric hydroxide when unprotected, but not manganese dioxide and humus sols. 
According to B. Sjollema, colloidal manganese dioxide gives characteristic reactions 
with oxydase reagents, irrespective of whether it has been dialyzed or not. It at 
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ftnce imparts a him* colour to an alcoholic soln. of guaiacuni resin, nod to a soln. of 
p-pkenylenediamine hydrochloride. In the presence of light it oxidizes quinol 
rapidly, yielding crystals of quinhydrone. Apilinc sulphate is at once coloured 
violet or blue Tyrogallol is oxidized, yielding a dark-coloured precipitate. It acts 
as a catalyst, decomposing hydrogen dioxide. It does not oxidize hydriodic acid in 
neutral, alkaline, or acidic soln. It does not oxidize tyrosine in acidic or alkaline 
soln., in this respect resembling the ordinary oxydases. By agitating samples of 
quinol soln. with colloidal manganese dioxide, some in presence of peroxydosc from 
horse-radish, that is, Cochlear ta armoiacia , and some without it, it can be shown that 
the oxidation of the quinol and its transformation into quinhydrone by the man- 
ganese dioxide is facilitated by the presence of the peroxydase. In the oxidation of 
quinol, a mixture of colloidal manganese dioxide and a peroxydase behaves like the 
system jieroxyda8e+ oxygenase, so that the manganese plays the part of oxygenase. 
The coagulation of the colloidal soln. was discussed by S. Ghosh and N. R. Dliur, 

N. G. (‘halterji and N. R. Dhar. A. lvanitzkaja and L Orlova ; and the mutual 
precipitation of manganese dioxide, ferric oxide, alumina, and silica by 
W. N. SimakoiT. M. A. lljinskv and co- workers studied the adsorption of manganese 
dioxide from solid suspensions in water by wool, cotton, and silk fibres. 

The general properties of the hydrated dioxide have been discussed in connection 
with the ordinary dioxide. A. Simon and F. Fehcr doubted if a stable stoichiometric 
» _ . T _ t hydrate of manganese dioxide 

\ I I exists. This is in agreement with 

. j.J ]_ f the fact that water begins to be 

evolved at 70°, and there is no evi- 
dence of a definite compound on 
the vap. press, curves. The results 
with two samples are summarized 
in Fig. . r >0. Acetone and alcohol 
remove a large proportion of the 
water of hydration, leaving MnCL- 
(M.*i to OoOlfjjO. The hydrated 
dioxide is a black or brownish-black 
flocculent powder w'hich, in the 
presence of other metal oxides, may 
have its tint modified. J. M. van Bemmclen obtained a red variety by the hydrolysis 
of a soln. of the disulphate. W. Wernicke gave 2*58 fur the sp. gr. of the hydrate ; 
and for the indices of refraction for the E-, D ; and ('-lines, respectively 1-944, 
1*862, and 1-801. A. Soos studied the optical properties. I\ Hausknecht found 
that the magnetic susceptibility is about twice that of anhydrous manganese dioxide. 

O, R. A. Wright and A. E. Menke said that when confined over cone, sulphuric 
acid, the hydrated dioxide slowly loses water for many months ; and at 100° 
water is lost until the composition of the hydrated dioxide is 3Mn0 2 .H 2 0 or 
4Mn()«.H 2 0, but it cannot be freed from water by heating it to 100°, or even to 
210°, at which temp, it begins to give of! oxygen. A. Gorgeu gave 400° for its 
temp, of decomposition. According to (\ Drucker and R. Hiittner, the mono- 
hydrate dried at the following temp, contains the proportions of water indicated : 



Flo. 50. — Vapour Pressure Curves of Hydrated 
Manganese Dioxides. 


100° !C3 l 275° 315° 400' 547° (700°) 

H a (> 0*7 4-0 3*3 2*4 1*8 0*0 0-3 per cent. 

W. V. Bray and H. 1). Draper studied the adsorption isotherms. For the decom- 
position of the dioxide with the evolution of oxygen, vide supra. H. N. Morse said 
that the precipitated. hydrated dioxide is stable only in the presence of potassium 
permanganate or of manganese hem ihept oxide- otherwise it loses oxygen, forming 
it lower oxide W. Hiimmelchen and H. Kappen studied the decomposition of 
soln of neutral halts, whereby an acid is liberated when in the presence of hydrated 
manganese dioxide. G. Almkvist found that a litre of water at 20° dissolves 
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0*43 mgrtn. of the hydroxide, MnO(OH) 2 . E. Eblcr and W. Bender found colloidal 
hydrated manganese dioxide is better than colloidal silica for the adsorption of 
radium salts from soln. The de-sorption is effected by dissolving the product in 
hydrochloric acid, and passing in hydrogen chloride to precipitate the radium. 
For the action on hydrogen dioxide, rule supra, manganese dioxide. Hydrated 
manganese dioxide develops an acidic reaction in contact with neutral salts. The 
acidic reaction may be conditioned by the relative solubilities of the complex 
acidic solid and its corresponding salts- -as advocated by A. F. Joseph in con- 
nection with clays ; or the liberation of an acid may be due to an interchange 
between the cations in soln. and the hydrogen ions of the hydrate, as advocated by 

J. N Mukherjee. According to B. Ghosh, there is a parallelism between the effect 
of neutral salts on the elect ric charge of hydiated manganese oxides and the cone, 
of the liberated II -ions The capacity of the different cations to liberate H'-ions 
is in the order 13a 'Sr>Mg> K ^-Na;> Li, and this order also represents the capacity 
of these ions to neutralize the negative charge of the surface. The bivalent cations 
reverse the sign of the charge of the surface, showing that the primarily adsorbed 
ions are univalent The electrical adsorption of one bivalent cation will therefore 
liberate one hydrogen ion. In addition, hydrogen ions are probably replaced by 
cations penetrating into the mobile sheet of the double layer on account of their 
osmotic press 

Manganese dioxide is amphoteric, in that it unites with acids to form salts, and 
with bases to form the so-called pern langamtcs- -vide infra . There is a group of 
colloidal hvdratcd manganese oxide minerals to which F Klockmann 3 applied the 
term manganomrlancs. They were originally amorphous, but some of them after- 
wards crystallized. The analyses of the various members of the group show great 
variations, so that specific chemical formulae have not much support. F. Cornu 
emphasized the need for separating the colloidal gel forms from the crystalline 
varieties. This distinction, however, as just indicated, may depend only on 
whether or not the conditions had been favourable for crystallization after the 
mineral was formed The great tendency of the hydrated manganese oxides to 
adsorb various oxides was emphasized by F. Cornu and co-workers This explains 
many of the variations in the analytical data, and how the members of virtually the 
same mineral species have received different names. F. Cornu and H. Ijeitmeier 
traced the hydration sequence in the group : Wad->psilomelane->hoptonematite-> 
pyrolusite. 

The derb Brunsfen of J. G. Wallerius was called magnesia indurata by 
A Cronstedt, and schwarz Braunsteuiwz by A. G. Werner, and others. It occurs * 
in bluish-, brownish-, or greyish-bluck masses which may be botryoidal, reniform, 
or stalactitic. W. Haidingcr called the mineral pflilomel&ne -from 0iA os*, smooth 
oi naked, and /ucAa?, black, Analyses were reported by J. F. Bahr, P. Berthier, 
A P. Bolley, V. C. Butureanu, H. Copaux, J, W. Dobereiner, G. Dupouy, 
.1. J. Ebelmen, 8. F. Emmons, L. L. Fermor, F. Field, W. E. Ford and W. M. Bradley, 
A. Frenzcl, J. N von Fuchs, L. Gmelin, A. Gorgeu, M. F. Heddlc, F. Katzer, 
H. F. Keller, C. M. Kcrsten, M. II. Klaproth, F. von Kobell, F. Kossmat and C. van 
John, N. Kumakoff and N. Podkopajeff, W. A. LampadiuR, A. Lacroix, G. Langhans, 
C. von Leonhard, K. List, T. Morawsky and J. Stingl, P. Poni, C. F. Rammelsbcrg, 
C\ Eimatori, L. E. Rivot, M. Savul, E. E. Schmid, A. Schwager aud C. W. von 
Giimbel, H. K. Scott, V. Sevoz and J. Breuilhs, E. Turner, B. Walter, A. Weisbach, 
and E. T. Wherry, etc. The results show the presence of up to 17 per cent, of 
BaO, up to 4 per cent, of K 2 0, up to 7 per cent, of Fe 2 0 3 , up to 12 per cent, of 
water, together with smaller proportions of calcium, strontium, magnesium, 
aluminium, copper, nickel, lead, zinc, thallium, vanadium, and lithium, as well aB 
antimonates, arsenates, phosphates, chlorides, carbonates, sulphates, silicates, 
titanates, and sulphides. E. Turner regarded these psilomelanes as mixtures of 
pyTolusite with wBa0.Mn 2 0 8 , and C. F. Rammelsberg (1841), with R0.2Mn0 2 .2H 2 0. 

K. List gave 2(Mn,R)0.3Mn0 2 .H 2 0 ; E. E. Schmid, 8(Mn,R)0.12Mn0 2 .4H 2 0; 
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(\ F. Rammclaberg (1875), R0.4Mn0 2 .l to 1 JH 2 0 ; and C. F. Rammekbcrg (1895), 
R0.24Mn0 2 .4 to 5H 2 0. H. Laspeyres reprewntcd the pailomelanes as derivatives 
of the acid If 4 MnO R , e.g. H 2 Mn(Mn0 5 ). L. L. Fermor regarded them as mixtures 
of M*R , ' 2 Mn 05 .nR / " 4 (Mn 05 ) 3> where R is mainly manganese. P. Groth regarded the 
psilomclanes os mixtures of manganous permanganite with a part of the bivalent 
manganese replaced by Ba, Ca, Mg, Co, Cu, and alkalies. Hence, these are the 
ho-called Imryta-psilomelanes, lime-psilomelanes, alkali-psilomelanes , iron-psilo- 
melanes , lithia-psilornelancs , copper -psilomclanes, and ccibalt-psilomelanes. F. Cornu 
regarded them as colloidal manganese dioxide with variable quantities of adsorbed 
manganous and other oxides, etc., of other elements. 8. R. B. Cooke and co- 
workers discussed the identification of psilomelanc and manganite, A. E. Reuss, 
and J. R. Blum found pseudomorphs after cnlcite, rhodochrositc, fluorite, barytes, 
and pharmacosideritc. Crystalline varieties of psilomelanc were described by 
J. J. Ebelmen, C. F. Rammolshcrg, E. K. Schmid, A. (lorgcu, H Laspeyres, and 
A. Lacroix, and they include the varieties romanechite, calvonigntc, leptonematite, 
and rancieitc. J. Orcel and S. Pavlovitch discussed the optical properties of 
psilomelane. The sp. gr. ranges from 3-3 to 4-7, and the hardness from 5 to 7. 
F. Beijerinck said that the mineral is a conductor of electricity, and F. Braun, and 
H. Meyer, that it is a unipolar conductor ; but 0, Weigel found that if adsorbed 
water be removed from the pores, the dried mineral shows no unipolar conductivity. 
E. T. Wherry said that it is a poor radiodetector ; W Ogawa also studied tin* 
mineral from this point of view, and he found that there is a thermoelectric current 
of 79000jp, volt with psilomelane and copper, and that the current flows from the 
mineral to the copper at the hot junction. R. Ambronn gave 268xl0" a for the 
coeff. of magnetization ; and the subject was studied by G. Grenet. R. 1). Harvey 
discussed the electrical conductivity of psilomelane ; and H. A. J Wilkcns and 
H. B. C. Nitze, the magnetic separation of the mineral. (\ W. Davis studied the 
solvent action of sulphurous acid. K. Thaddeeff found that boiling sulphuric acid 
colours the mineral violet ; and H. (\ Bolton, that with boiling citric acid, carbon 
dioxide is given off. The mineral also gives other reactions characteristic of 
hydrated manganese d : oxide. 

Varieties of psilomelane which have received special names are the barytiferous alkali 
psilomelane named hy A. Lacroix c bdf/irrn/e — named after J. J. Kbelnicn ; hthion- 
pfiilomelanc, or the lithiophontr of A. Fnnzel, from Salm Chateau, Belgium, described by 
H. Laspeyree ; the nkemmutiU aftei oKtfipa, a question — from Iva, S. Carolina, described 
by W. K, Ford and W. M. Bradley; ralromgrttt, from Kaltebom, near Eiserfeld, with a 
composition between H 4 MnO fl and H 4 Mn()„, and sp. gr. 4*361, described by H. Lospeyres ; 
ranricite — not ronrimte — from Ranch* in Anegc, Franco, so named by A. Lacroix. It is 
a lime-psilomelane with a sp. gr. between 3-0 and 3-2. It was the ibaux de manganese 
urgent in of J. B. L. Romo do l’lsle, and the iiumganks( ojeyde mgntim of R. J. Hauy. 
A. Lacroix named the psilomelane from Romancche, romanertute. Its sp. gr. is 4*135, and 
its composition approximates H 9 (Mn,Bu)Mn ,,<)*. The lfpiim*rnatttr or or 

A. Breithiiupt, and M. Adam, regarded ns vauctics of braunite, may be pailomelanes. The 
Mdongrtle is a variety found by L. L. Fonnoi at Boldongn, (Viitrsl Provinces, India. 
Its sp. gr. is 3*22. The hthiuphoritc vjf (J. Winkler, V. von KoIn*11, A. Froiispl, and A. Weis* 
Imeli is h psilomelane with lillun and nliiininu. The sp. gr. in 3*1 to 3 (I. A. Breithaupt 
tailed the litluophnnlc from Kengersdorf, kukorhloi. It has a composition approximating 
AlMn a 0 7 .4H 2 (). The coppcr-psiloinolane lan jxirltlr -aus dew nhed by W. A. Lain pad iun, 
and A. Frenkel, and represented by ('. F. Raimnelslierg by 2(MnO.ru0).2MnO 3 .3H B 0, or 
m('u0.fiMnO B .iu|., and by H. Las]»evrcs by H 4 RMn(Mn 4 Oj. Its sp gr. is 3 0 to 3*2. 
r n»e pdokonitr of <\ F. Richter, and C M. Kcrstou, having a sp. gr. 2 5 to 2*7, and Ivpi- 
dophmtr of A. Wcisbacli, having a sp gr. 2-HI) to 3-04, are related to lampadite. A cobalt- 
psilomclnuo was named asbolite- from dofUoArj, soot— by A. Broithaupt. (J. F. Kaniznels- 
berg represented it by the formula (CoO)(C 1 uO).2MnO l .4H B O l ami H. Laspeyres by 
H M KMn(MnOp). It was analyzed by M. II. Klaproth, J. W. J Jo here i tier, C\ F. Raimnols- 
borg, N. Kumakoff and N. Podkopajeff, H. Copaux, and A. Lacroix. Its sp. gr. is 2*1 to 
2*2. Asbolito appears to be the cobalt um nigrum of U. Agricola, the cobaU terrra fultginea 
of .J. (5. Wallerius, the ochra cobalt nigra of A. Cronatodt, and the aithalite of M. Adam. 
The iron- psilomelane obtained by P. Poni from Rrostciu, Koumania, was called broatenUr . 
Ainilv >t*s were reported by V. V. Butureanu, M. Savul, U. Walter, and V. Kossmat and 
r. von .John ; tliej vary from IiO.2 to 5MnO f .l to 3H t Q. The sp. gr. is 3 104 to 3*61. 
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W. V. Smitheringalo discussed the X-radiogram, and Hie action of various 
etching liquids ; and (J. A. Thiel, and 8. K. B. Cooke and co-workers observed 
the action of various reagents un psilomelane, and wad* sulphuric and hydro- 
chloric acids, hydrogen dioxide, and solo, of ferrous and stannous chlorides. 

The mineral culled wad is a soft, black, earthy or compact mineral which may 
also occur in amorphous, reniform masses, and also as an incrustation and as stains. 
A branching form is called dendrite. It consists of various mauganesc oxides with 
cobalt, copper, iron, baryta, alumina, silica, and up to over 20 per cent, of water. 
A variety of wad is called bog manganese . Wad is the magnesia friahilis lerriformis 
of A. Cronstedt 4 ; the earthy ochre of manganese of R. Kirwan ; the manganschaum 
of 1). L 0. Karsten ; and the grorwlite of 1\ Bcrthier. The Derbyshire wad is 
soinet lines pseudomorphous with barytes, and that of Leadhills, with calcile . The 
“wad ' 5 of the Cumheiluiul miners is graphite. .7. J. N. Huot's oustite is the 
French spelling of wad. Analyses were reported by M. H. Klaproth, E. Turner, 
L. C Beck, C F. Rammelsberg, M. SchclHer, L. J. Igelstrom, A. S. Woodward, 
A. Liversidge, M. Weibull, C. Rimatori, B. Bcrtoho, H. Ludwig, J. Rcdtenbacher, 
J H. L. Vogt, E Dittler, A. Gorgeu, V. (\ Butureanu, 0. F. Williams, E. H. S. Bailey, 
L. L. Fennor, and 8. Popoff. A. Lacroix said that wad cannot be regarded as a 
definite chemical compound ; F. Rammelsberg also added : Alle sonstigen 
Vntnsuchungen von Wad lehren dass es Gcmengc sind. That from Upton Pine, 
Devonshire, can be represented by Mn0.9Mn02.GH 2 0. The sp. gr. of wad is 
2*3 to 3-7. K. Thaddieff smd that some samples are strongly coloured by sulphuric 
and, others arc feebly coloured, and yet others not at all coloured. 

There ure some varieties which have* received special names : The wackenrodite of 
M Adam wa« analyzed by it. W. F. Wackenrudor ; it came from Srhaphach, Baden, and 
(' llimatnn desrritod a similar mineral from Bona and Montresta, Sardinia. The ctaaroltft, 
ironi r i unis, analyzed by 11. Buttgenbach and C. Gillet, approximates HjPbMn 3 0 B . Its 
sp. gr. is 5 29. K. Tteishaeber described a mineral from Wildbad, Gas tom, Austria ; it was 
called rc%88ai her\U , and contained 27-27 per cent . ol water. According to II. Moche, a radio- 
active substance producing an emanation obtained from the gases and water is found in tlio 
rniHRHf hento of the deposits* from the thermal springs of Gastein. This mineral, which 
has a radioactivity approximately equal to that of uranyl nitrate, contains manganese 
dioxide, ferric oxide, calcium carbonate, barium, and strontium, but neither sulphuric acid 
nor uranium ; on separation, tho radioactive substance is obtained along with the barium 
and is presumably radium. F. von Kobell described rabdumile obtained from tho Urals ; 
its ( oinpOKilion approximates ((’u.Mn.CnjO.fFe.MnJjOi.ZJljO, and its Bp. gr. is 2-80. 
U do Geer, und T Fegroeus described tho mamjantec ochre from Aas, Upsnla. It approxi- 
mates Mn 3 0 4 .4HjO. K, Nonadkowitsch obtained zwkdibraunite from tlie zine mines of 
Olkusz. Its composition approximates Zn0.2Mn02.2HjU. A. Brunleehner described 
ZLtikmangancrz from Bleiberg, Garin thia. 

A group of oxides intermediate between the monoxide and dioxide has been 
reported. The members of the group are usually regarded as manganous man - 
ganites of the type MnO.nMnOo. In order to keep the nomenclature more or less 
consistent, they arc here called permanganites. V. H. Veley 5 said I hat if the 
hydrated higher oxides are heated in dry nitrogen at 60° to 2(X)°, they are simply 
dehydrated, and the product readily absorbs oxygen. He thus prepared 
Mn^.aHgO ; G, or8)H 2 0 ; Mn^O^.ftHcjO ; Mn^O^or 3)H 2 0 ; 

and lYI.n24O47.2H2O. A. Gorgeu prepared some by the action of a manganous 
salt on the so-called alkali or calcium mangamtos ; A. Guyard, by the action 
of manganous salts on potassium inanganate or permanganate — the products 
ranged between 3Mn().2Mn0 2 and Mn0.5Mn0 2 ; and 8. l T . Pickering, by diluting 
with water a soln. of hydrated manganese dioxide in hydrochloric acid — the pro- 
ducts Tanged between 5Mn0.16Mn0o and 5Mn0.36Mn0 s , and appeared to be 
intermediate stages in the oxidation of manganous oxide to hvdrated manganese 
dioxide 

B. Franko reported SMnO.SMnO , to be formed by treating potassium manganic 
sulphate, CKjSOi^Mn^SO*),, with water acidulateil with sulphuric acid, and washing the 
product successively with water, alcohol, and ether. The small, dark brown plates form 
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manganous sulphate and hydrated manganese dioxide when they are allowed to stand in 
the mother- liquor. W. Reiasig reported Mn0.2Mn0 % to be formed when manganous 
carbonate is heated in air to 300°. A. Carnot represented the product of the action of 
hydrogen dioxido on a manganous salt by MnO.F*MnO % ; A. Gorgeu obtained rather lose 
peroxidic oxygen ; while R. Haas said that hydrogen dioxide with manganous hydroxide 
gives products ranging from Mn a O a to Mn s O a . A. Gorgeu obtained the 1 : 5 oxide by the 
Action of chlorine on water with manganous carbonate in suspension ; J. Tost obtained a 
product with more dioxide, and A. Gorgeu observed that in the extreme case, with a 
prolonged action, hydrated manganese dioxide is formed. V. H. Veley obtained MnO. 
5MnO a .3jH a O, by the action of chlorine on manganous acetate soln. at 52°, whon the 
washed product was dried at 30°-40° in air ; when dried at 60^-100°, Mn0.5Mn0 a .2H l 0 
was formed; when dried at 160°- 170°, MnO.l lMnO,.l^H a O ; and at 200 ,J -250°, MnO. 
UMnO|.H a O. If heated in oxygen, that gas is absorbed at 100°, while at 180°-190 n 
Mn0.23MnO a .2H a O is formed, and at a rod-heat Mn a 0 3 is produced. C. Lepiorro obtained 
Mn0.5MnO a as a brown, crystalline powder of sp. gr. 3*41. by inciting manganous sulphate 
for some hours with potassium nitrate. W. Spring and M. Lucian, A. Carnot, and 

G. 0. Stone obtained MnO.10MrO t , by treating a manganous salt with nitric acid — with 
or without potassium chlorate ; and 0. T. Christensen obtained MnO .22MnO t .2%H % 0 by 
boiling a soln. of ammonium manganate with nitric acid. 

A. Guyard suggested that the reaction between a manganous salt and potassium 
permanganate can be represented SMnO.AH K 2 0.Mn 2 0 7 — K 2 O.A+2A+3MnO 
+Mn 2 0 7 , where A stands for the acid anhydride. He supposed that the 3Mn0.Mn 2 0 7 
then changed to manganese dioxide : 3Mn0.Mn 2 0 7 — 5Mn0 2 , and suggested that 
the following manganous manganales, 3Mn0.Mn0 2 , 4Mn0.Mn0 3 , and 5Mn0.Mn0 3 
exist, as well as the manganous permanganates, 3Mn0.Mn 2 0 7 , 4Mn0.Mn 2 0 7 , and 
5Mn0.Mn 2 0 7 . 
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§ 12. The Permanganitos 


The chromites are salts of the acid anhydride 0r 2 0 3 , and the ferrites of the acid 
anhydride Fo 2 0 3 , so that here the salts of the acid anhydride Mn 2 0 3 are called 
mangamtes ; lienee, the salts of the acid anhydride Mn(J 2 are called perm&ng&nites, 
those of the acid anhydride MnO a , manganates, und those of the acid anhydride 
Mn 2 07 , permanganates. A. Gorgeu 1 regarded hydrated manganese dioxide as 
aade mangcmeujL , manganous acid, H 2 Mn0 3 , so that manganese dioxide becomes 
manganous anhydride, Mn0 2 , and the salts lt0.wMn0 2 , permantranites The 
acidic properties of hydrated manganese dioxide are very feeble, and as a result 
show a great tendency to form poly merides- polypermanganites. A S Cocosinschy 
represented the formation of the polypermanganites hy : 
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C R. A. Wright and A. E. Menke doubted the existence of potassium per* 
nuuigarutes as chemical individuals, since the product obtained by reducing per- 
manganate with glycerol —vide infra - -does not have the composition K. 2 0.8Mn() 2 . 
3H 2 0 assigned to it by T. Morawsky and J. Stingl, for, neglecting the water of 
hydration, it varied considerably in composition- e.g . K 2 0.3Mn0.9Mn0 2 ; 2K 2 0. 
13Mn0.22Mn0 2 ; and 3K 2 0.2Mn0.18Mn0 2 . It was also found that the product 
of the reduction of permanganate by sulphur dioxide in the cold approximated 
K a 0.2MnO J2Aln0 2 . L. Rwiontkowsky, and C. Weltzien also observed that the 
products of t he reduction of permanganate by hydrogen dioxide are very variable in 
composition. A. Gorgeu, and <1. Post found that the oxidation of manganous 
hydroxide by air in the presence of a soln. of potassium hydroxide approximates 
K 2 0.25MnO.27MnO 2 .nH 2 O, which is not far from Mn 2 0 8 .H 2 0. J. M. van 
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reported by different investigators by assuming that they are mixtures of tile 
products of the hydrolysis of one or more f>ermaiiganiteH, while the pennanganitcs 
prepared by wet processes are adsorption products of hydrated manganese dioxide 
with bases. A similar view was taken by E. Deiss. 

On the other hand, W. Biltz showed that hydrated 
manganese dioxide, Mn0 2 .H 2 0, has acidic qualities, 
and he called it manganige Saure— out perman- 
ganous acid, H 2 Mn0 3 . This hydrate was obtained 
by treating hydrated manganese dioxide with am- 
monia, cooled by a freezing mixture of solid 
carbon dioxide, and pumping off the ammonia. 

The residue corresponds with Mn0 2 .H 2 0. If the 
pressure, p mm., be measured during the extraction 
of ammonia, and the corresponding mol. ratio 
Nil;, : M 11 O 0 determined, the results, when plotted, 
furnish the curve, Fig. fil. There are breaks corre- 
sponding with HgO.Nflg.MnOa and H 2 0.2NH 3 . 

MnOi*. The former, H 2 0.NH 3 .Mn0 2 , is taken to be the acidic salt, ammonium 
hydropermanganite, (NU^HMnOg; and the other, H 2 0,2NH 3 .Mn0 2 , the normal 
salt, ammonium permanganite, (NH 4 ) 2 Mn() a . 

Cf. Rousseau melted a mixture of 3 grins, of sodium hydroxide and 1*5 grins, 
of manganous chloride, and then added 3 grms. of sodium nitrate, and raised the 
temp, to dull redness The mixture was then kept for 4 lirs. in a covered crucible 
at the volatilization temp, of sodium hydroxide. At an orange-red heat sodium 
pentapermanganite, Na s O.5Mn0 2l is formed, and at a white-heat small, black, 
glistening needles of sodium dodecapermanganite, Na 2 0.12Mn0 2 , appear. The 
crystals are washed with 1 h ling water. The pentapermanganite is also formed in 
black, octahedral plates by adding 10 grms. of sodium chloride to the mixture used 
in the previous preparation, heating it until the sodium chloride is volatilized, and 
washing the cold product with water. If sodium permanganate be heated to 300 J , 
and the cold mass extracted with water, there remain blaek microscopic crystals 
of sodium octopermanganite, Na 2 0.8Mn0 2 .r>ll 2 0. The crystals lose 4 mols. of 
water at 150 w -180°, and all the water is lost at 250° ; no other change occurs at 440°. 
This compound is also funned by melting a mixture of sodium manganate and 
chloride at 500° and washing the product with boiling water ; at 800° the tetra- 
hydrated dodecapermangamtv , Na 2 0-12Mu0 2 - / l H 2 0, is formed; at 1000°, sodium 
hexadecapermanganite, Na 2 0.l6Mn0 2 .8H 2 0 ; at 1 200 -1300°, the octoperman- 
ganite is again formed ; and at a white-heat, the hydrated dodecapermanganite. 
P. Schottlander prepared a complex sodium glycerylpcrmangawte , Na 2 [Mn(C 3 H 5 0 3 ) 2 J I 
by treating manganese dioxide with glycerol and soda-lye. For A. S. Cocosinschy ’s 
observations on the action of heat on the sodium salt, vide infra . 

According to C. F. RammelsWrg, potassium dipermanganite, K 2 0.2Mn0 2> is 
prepared by strongly heating potassium permanganate ; when this is extracted 
with water, it is resolved into potassium pentapermanganite, K 2 0.5Mn0 2 , thus : 
riK 2 Mn 2 0 B ^ 2K 2 Mn 5 0 jr l-3K 2 0. A. S. Cocosinschy found that the proportion of 
potassium in the washed product decreases with the temp, ot calcination of the 
potassium permanganate, and similarly with the sodium salt : 

000° 700° 800° 000° 1000° U00 u 

K content . 29*21 28 09 26-28 23-70 22*82 18-57 per eont. 

Na content. 31 01 30-70 29-12 28-05 26-71 24-29 per cent. 

A. Gorgeu found that when carbon dioxide is passed into a sola of potassium 
manganate, a soln. of permanganate and a yellow precipitate, K 2 0.5Mn() 2 .wlI 2 0, 
we formed. The formula just indicated represents the composition of the washed 
product. There is probably some hydrolysis, because if washed with water con- 
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taining 0-3 per cent. potassium hydroxide, the product is potassium tetr&per- 
manganite, K 2 0.4Mn0 2 .nH 2 0 ; and if with water containing 1 per cent, potassium 
hydroxide, there remains potassium tripermang&nite, K 2 0.3Mn0 2 .nll 2 0. If a 
soln. of potassium permanganate be decomposed by a soln. of potassium hydroxide 
or carbonate, a precipitate approximating K 2 0.DMn0 2 .nH 2 0 is formed, and when 
the liquid is boiled, this product passes into soln. as potassium manganate. J. Post 
made some observations on this subject. If the precipitate be washed with hot 
water, 0. R. A. Wright and A. E. Menke found that its composition corresponds with 
4K 2 0.21Mn0 2 .19H 2 0 ; while, according to T. Morawsky and J. Stingl, if the pre- 
cipitate be washed with hot water and dried at 100°, it forms potassium octoper- 
manganite, K 2 0.8Mn0 2 .3H 2 0. According to P. Holstein, the permanganitc 
K 2 0.8Mn0 2 .3H 2 0, or KH 3 Mn 4 Oio, is formed by the action of iodine on a soln. of 
potassium permanganate ; M. Glaser obtained a similar product by using thio- 
sulphate in place of iodine, but M. Honig and E. Zatzek said that the precipitate 
produced by thiosulphate in alkaline soln. has the composition K3O.6MnO2.3H2O, 
or KH 3 Mn 3 0 8 . T. Morawsky and J. Stingl obtained K 2 0.8Mn0 2 .3H 2 0 by reducing 
a neutral soln. of potassium permanganate by alcohol, glycerol, potassium thio- 
cyanate, or potassium oxalate. G. Rousseau melted a mixture of 3 grms. of 
potassium carbonate and 5 grms. of potassium chloride, and added, in small 
quantities at a time, 3 grms. of potassium manganate. If heated for 8 hrs. at a 
high temp., and the cold mass extracted with water, there remains tri hydra ted 
potassium octopermanganite, in black plates which lose their water at 150 u to 160°. 
If the operation be conducted at a lower temp., black plates of potassium hexa- 
decapermangamte, K 2 0.16Mn0 2 .6H 2 0, are formed. They lose their water at J30 n - 
200°, and dissolve freely in cone, hydrochloric acid. If a mixture of 10 grms. of 
potassium chloride and 3 grms. of potassium manganate be heated until the alkali 
chloride is volatilized, and the cold product washed with boiling water, black plates 
of potassium dotriccmtapermanganite, K2O.32Mn() 2 .10H 2 O, are formed. 

J. Yolhard obtained an impure copper permanganite by the action of a coppei 
salt on a warm soln. of potassium permanganate ; and in the reaction 2KMn() 4 
+3MnS04+7H 2 0^2KHS04+H 2 S0 4 +5H 2 Mn0 3 , studied by A. Guyard, and 
J. Volhard, if other metal salts be present, the corresponding permanganite may be 
formed — e.g. with zinc sulphate : 4KMn0 4 -f 5ZnS0 4 +6MnS0 4 +14H 2 0~4KHS0 4 
+7H 2 S0 4 +5(H0.Mn0.0Zn0.Mn0.0H). The brownish- black copper hemiennea- 
per manganite prepared by P. B. Sarkar and N. R. Dhar by adding potassium 
permanganate to a mixed soln. of copper and manganous sulphates and boiling has 
the composition 2Cu0.9Mn0 2 .14H 2 0. A. F. Jolles also prepared copper per- 
manganite in a similar way. According to M. Salinger, when a mixture of 
manganous and copper sulphates is treated with ammonium persulphate, a copper 
permanganite is precipitated ; and if the mixed soln. is treated with hydrogen 
dioxide, the precipitate has the composition of a copper manganous permanganite, 
4CuO.Mn0.7Mn0 2 .8H 2 0. The lejndophmte of A. Weisbach may be (MnO,CuO). 
fjMn0 2 .9H 2 0 ^ vide supra . A. Gorgeu obtained copper tetrapermanganite, 
(!ut).4Mn0 2 , by the repeated action of a dil. soln. of a cupric salt on moist hydrated 
manganese dioxide ; it decomposes into the hypomanganite at a red-heat. II. Bau- 
bigny and i\ Rivals obtained the impure hydrate , Cu0.4Mn0 2 .lI 2 (), by evaporating 
a soln. of potassium bromide, copper sulphate, and potassium permanganate to dry- 
ness. The action is incomplete. A. Gorgeu found that if a cold, sat. soln. of silver 
permanganate is treated with hydrogen dioxide, a brown precipitate of ailver per- 
manganite, Ag20.Mn0 2 , is formed ; while if potassium octopermanganite is treated 
with silver nitrate, ailver ootopermanganite, Ag 2 0.8Mn0 2 .3H 2 0, is formed ; while 
M. Salinger obtained ailver decapermailg&nit£ Ag 2 0.10Mn0 2 .3H 2 (), by treating 
a mixture of manganous and silver nitrates with ammonium persulphate. By 
proceeding as in the case of the copper salt, but using soln. of silver nitrate and 
manganous sulphate, P. B. Sarkar and N. R. Dhar obtained deep black ailver 
heptapermanganite, Ag 2 0.7Mn() 2 .9H 2 0 ; and by using a soln. of gold chloride, 
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Inflow 0-1 per cent, cone., they obtained a reddish-brown gold permanganite which 
contained only a small proportion of gold. The silver permanganites were also 
studied by M. N- Chakravarti and N. R. Dhar, and S. C, Chatterji and N. R. Dhar. 

H. St. f\ Devilln observed the formation of a calcium permanganite in the re- 
duction of manganese (7.V.) in a lime crucible. By adding a large excess of bleaching 
powder to a soln. of manganous chloride, so that the liquid remains alkaline, 
J. Fattinson, and A. Gorge u obtained a black calcium permanganite, approximating 
Ca0.Mn0 2 ; J. Volhard also obtained permanganites of the alkaline earths by adding 
their salts to a hot soln. of potassium permanganate. In W. Weldon's process 
for chlorine (g.u.) tho by-product of manganous chloride is treated at 55° with an 
excess of calcium hydroxide and a blast of air, when a black, impure calcium 
permanganite is precipitated: MnG 2 +2Ca(0H)2+0=Ca0.Mn02+CftCl 2 4 2H 2 0. 
Other products are also formed, c.g . Ca0.2Mn0 2 and Mn0.Mn0 2 . The subject 
was discussed by A. Lamy, G. Lemoine, E. Mylius, J. R. Wagner and W. Schenk, 
W. Odling, G. Lunge, G. Lunge and B. Zahorsky, J. Wiemik, E. Kopp, C. Jczlcr, 
F. Kuhlmann, J. Tost, etc. According to E. Dufau, calcium tritapermang&nite, 
■Sra0.MnO 2 , is obtained by heating manganese or manganese oxide in a lime 
crucible in an electric arc furnace for a few minutes. The crystalline mass is not 
altered when heated in oxygen ; it is decomposed by cold water, and an aq. soln. 
of sugar dissolves both calcium and manganese oxides, to form a dark reddish- 
brown soln., which is decolorized by acids, and from which alcohol separates a 
rose-coloured precipitate. At a red-heat the compound is attacked with in- 
candescence by chlorine and bromine to form calcium chloride or bromide respec- 
tively , iodine acts less energetically ; hydrogen chloride attacks it below redness ; 
hydrochloric acid dissolves it wnh the evolution of chlorine ; molten potassium 
chlorate is without action ; cold nitric acid has very little action, but the hot acid 
dissolves it with the evolution of gas ; and molten potassium nitrate is without 
action. G. Rousseau prepared brownish-red crystals of calcium hemipermanganite, 
2(\iO MnOo, by heating for nn hour a mixture of calcium oxide and chloride and 
manganous chloride ; and black prismatic crystals of calcium permanganite, 
('«() MnOo, by healing for a c ouple of hours a mixture of 15 grins, of calcium 
chloride and 3 or 4 grins, of calcium carbonate, adding 2 grms. of manganous 
chloride, and extracting the cold mass with water. Jt is soluble in fuming hydro- 
chloric acid and insoluble in water. Tf the mixture lie heated for half an hour, 
calcium dipermanganite, Ca0.2Mn() 2 , is formed; and if heated for G hrs., black 
needles of calcium tripermanganite, Ca0.3Mn0 2 , are formed. G. Rousseau repre- 
sented these compounds by the graphic formula: : 
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According to J. Rislcr, calcium pentapermanganite, ('a0.5Mn0 2 , is formed when a 
mixture of potassium permanganate and calcium chloride is heated to redness and 
the potassium chloride extracted by boiling water from the cold product. The 
black crystalline mass is freely soluble in hydrochloric acid, and less soluble in 
nitric acid. P. B. Sarkar and N. R Dhar added potassium permanganate to a 
mixed soln. of manganous and calcium chlorides and boiled the liquid. Reddish- 
brown calcium heptapennanganite, Ca0.7Mn0 2 ll to 14H 2 0, was precipitated. 
G. Rousseau prepared strontium permanganite, SrO.MnOo, by heating for a few 
hours a molten mixture of 15 grins, of strontium chloride, 2 guns of stnmtia, and a 
gram of manganous chloride; if the temp, is between 1000 and 1 1 CM)°, strontium 
dipermanganite, Nr0.2Mn0 2 , is produced ill black needle, s in about M 10 hrs. 

Risler obtained a black, crystalline powder of strontium pentapermanganite, 
Sr0.5Mn() 2 , by the process used for the corresponding calcium salt. P. B. Sarkar 
nml N. R. Dhar obtained reddish- brown strontium heptapennanganite, Sr().7MnOj. 
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11H 2 0, by the process used for the calcium salt. P. Schottlander prepared strotUium 
diglycvrylperrnanganite, Sr[Mn(CaH 5 03 ) 2 ], by a process analogous to that used for 
the sodium salt. G. Rousseau prepared barium permanganite, BaO.Mn0 2 , in 
black plates or needles, by heating a mixture of 10 grms. of manganous chloride 
and 2 grms. of barium permanganate for about 4 lirs. at 1500°-1600°, or by similarly 
heating a mixture of 3 grms. of baryta and a gram of manganous chloride with an 
excess of barium bromide. The soluble salts are washed from the product with 
boiling water, and finally with acidulated water. The sp. gr. is 5-85 ; and the 
compound is freely soluble in hydrochloric acid with the evolution of chlorine ; it 
is sparingly soluble in nitric acid. T. Morawsky and J. Stingl prepared the hydrate , 
BaO.MnO 2 .H 2 O, by the action of hydrogen dioxide on barium permanganate. 

D. Balareff gave 240° for the reaction temp, of barium oxide and manganese dioxide. 
G. Rousseau obtained barium dipermaiigaiiite, Ba0.2Mn0 2 , in black plates, by 
heating a mixture of 3 grms. of baryta, a gram of manganous chloride, and an excess 
of barium bromide to 1000° ; and also by heating barium permanganate for 15 hrs. 
at 320° in the absence of air. J. Risler obtained a dark olive-green, crystalline 
powder of barium pent&permang&nite, Ba0.5Mn0 2 , as in the caBe of the corre- 
sponding calcium salt. G. Rousseau reported barium heptapermanganite, 
Ba0.7Mn0 2 , to be formed by heating barium permanganate, in the absence of air, 
for many hours at 320°. The powdered product is mixed with acidulated water, 
and finally washed with boiling water. P. B. Sarkar and N. R. Dhar obtained 
black BaO.TMnO 2 . 7 H 2 O, as in the case of the calcium salt. T. Morawsky and 
J. Stingl obtained barium octopermanganite, Ba0.8Mn0 2 3H 2 0, by treating the 
corresponding potassium salt with barium chloride. 

According to P. de Wilde and A. Reychler, if a mixture of magnesium sulphate 
and manganous chloride be heated in air at a red-heat, magnesium manganous 
dipennanganite, 3Mg0.Mn0.2Mn0 2 , is formed. A. Gorgeu obtained magnesium 
tetrapermanganite, Mg0.4Mn0 2 , by repeatedly digesting freshly-precipitated, 
hydrated manganese dioxide in a neutral soln. of a magnesium salt E. l)ufau 
obtained magnesium permanganite as a reddish-brown powder by heating a 
mixture of magnesium oxide and manganese dioxide for a few minutes in an electric 
arc furnace. The hard, black, crystalline mass furnishes a reddish-brown powder, 
which is not very Btablc. Tt is slowly decomposed by cold water, and a soln. of 
sugar dissolves both manganese and magnesium ; it is freely soluble in acids, 
evolving chlorine with hydrochloric acid, and a gas is given off with nitric acid. 
If a soln. of manganous chloride be treated with an excess of magnesium hydroxide, 
and a blast of air be passed through the mixture, magnesium permanganite is 
formed, as in the case of W. Weldon's process for calcium permanganite 

E. Biickse represented the reaction MnCl 2 )-MgCl 2 +2H 2 0 + O- Mg0.Mn0 2 +4HCl. 
W. Weldon also heated in air a mixture of manganese and magnesium chlorides and 
obtained chlorine and a permanganite : 2MgCl 2 4 MnCI 2 +20 2 - -3Cl 2 +2(Mg0.Mn0 2 ). 
J. Volhard also obtained a magnesium permanganite by treating a warm soln. of 
potassium permanganate with a magnesium Balt. P. B. Sarkar and N. R. Dhar 
obtained black magnesium hemiheptapermanganite, 2Mg0.7Mn0 2 .13H 2 0, by 
proceeding as in the case of the copper salt. A. F. Jolles obtained barium perman- 
ganite in a similar way. J. Risler prepared sine pentapermanganite, Zn0.5Mn0 2 , 
by the method used for the calcium salt. J. Volhard obtained a zinc pCtnumganite 
by the action of a zinc salt on a warm soln. of potassium permanganate. M. Salinger 
prepared zinc tritapermanganite, 3Zn0.Mn0 2 .7£H 2 0, by treating a mixed soln. 
of m&nganouB and zinc sulphates with ammonium persulphate ; if a soln. of alkali 
manganate and zinc sulphate be employed, the precipitate contains a higher pro- 
portion of zinc. A. Gorgeu obtained zinc tripermanganite, Zn0.3Mn0 2 , and cad- 
mium pentapermanganite, Cd().5Mn0 2 , by digesting freshly-precipitated hydrated 
manganese dioxide in a neutral aq. soln. of a zinc or cadmium salt. P. B. Sarkar and 
N K. Dhar obtained brownish -yellow cadmium trideC&permailgailite, Cd0.13Mn0 2 . 
2111/), by proceeding as in the case of the copper salt. A. F. Jolles prepared 
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cadmium permanganite in a similar way. A. Gorgeu reported mercury ootoper- 
manganite, HgO 8Mn02.3H 2 0, to be formed by the action of a mercuric salt on a 
soln. of the corresponding potassium salt. 1\ B. Sarkar and N. R. Dhar obtained 
deep black mercuric henapermanganite, Hg().llMn0 2 .r>H 2 0, by proceeding an 
in the case of the copper salt. 

M. Salinger did not prepare aluminium permanganite by adding ammonium 
persulphate to a soln. of ammonium aluminium sulphate and ammonium man- 
ganese sulphate ; a negative result was also obtained by the use of ammonium 
chromium sulphate, but J. A. Krenner, and J. Loczka described a munganos pinch 
(Mn,Mg)(Al,Mn) 2 04, obtained in the slags of a blast furnace at Menyhaza Hungary. 
P. B. Sarkar and N. R. Dhar obtained reddish- brown aluminium pci inangunite 
by boiling a soln. of manganous sulphate and potash-alum mixed uith potassium 
permanganate. They also obtained a brownish-grey th&llic per mang anite, 
6TljjO3.5MnO5j.7H2O, from soln. of thallous and manganous sulphates boiled with 
potassium permanganate. 

P. B. Sarkar and N. R. Dhar prepared grey stannous permanganite, 2SnO. 
5Mn0 2 .2H 2 0, from a mixed soln. of stannous chloride and manganous sulphate, 
boiled with potassium permanganate. A. F Jolles obtained insoluble lead per- 
manganite, PbO.Mn() 2 , by boiling lead permanganate with a reducing liquid. It 
is not decomposed by neutral or alkaline soln., but if heated in air or steam, it forms 
lead manganate. J. Oroel and S. Pavlovitch discussed the optical properties of 
these minerals. P. B. Sarkar and N. R. Dhar obtained black le&d tetraper- 
manganite, Pb0.4Mn0 2 .8H 2 0, when a mixed soln. of lead nitrate and manganous 
sulphate is treated with potassium permanganate A. F. Jolles obtained load 
permanganite in a similar way. J. Rmler obtained lead pentapermanganite, 
PbO.DMnOjj, by the method used for the calcium salt. W. Lindgren and W. F. Hille- 
brand found a fibrous mineral of a brownish-black colour at Coronadogang, Arizona, 
and they called it ooronadite. The analysis corresponds with lead tripermanganite, 
KMn 3 () 7 , or R" 4 H 2 Mii, 2 0 2 q. It may be regarded as a derivative of orthomanganous 
acid, 3H 4 Mn0 4 - H 2 Mn 3 0 7 +5Ii 2 0. E. E. Fairbanks found that it consists of 
hollandite and another lead mineral. L. L. Fcrmor found that his observations 
agreed with the formula R"Mn0 5 , where R denotes Pb and Mn. The sp. gr. is 
5-246, and the hardness 4. H. Buttgenbach and C\ Gillet described u related steel- 
grey mineral from Sidi-Amor-ben-Salem, Tunis ; they called it C&arolito- after 
G. (Ysaro. In the idealized state it corresponds with PM), 44*46 per cent. ; Mn() 2 , 
51-95 ; H 2 0, 3-59. Its sp. gr. is 5-29. Nitric acid extracts only about 3-35 per cent, 
of the manganese, and its formula approximates PbO.3MnO2.H2H, making it a 
salt of the acid H 4 Mn 3 O g , analogous to the romanechite of A. Lacroix — named from 
its occurrence at Romaneche--and represented by H 2 (Mn,Ba)Mn 3 Otr supra, 
psilomelanc. F. Zambonini and V. Caglioti found that romanechite corresponds 
with H 2 (Mn,Ba)Mn 4 O 10 . There is also the Indian mineral hollandite, described by 
L. L. Fcrmor, It occurs in tetragonal bipyrannds with a : c~--l : 0-2039, and of a 
silver-grey or black colour. Its sp. gr. is 4*70 to 4*95, and its hardness 6. The 
analyses approximate wR" 2 Mn05.nR" / 4 (Mn0 5 ) 3 , where R" is mainly H 2 , K 2i Mn, 
or Ba ; and R'", Fe, Mn. L. L. Fcrmor represented the relations between these 
minerals of what he called the hollandite group : 

j Pb very low I high, Fe low Romanechite 

Hollanriito group 1 Ba low or high 1 H 8 0 low, Fe high Hollandite 

I l J b high ; Ba very low ..... (’oronadite 

E. E. Fairbanks found that, like coronudite, romanechite consists of hollandite 
and a load mineral. 

P. B. Sarkar and N. R. Dhar obtained deep black bismuth manganite, 
Bi 2 0 3 .7Mn02.10H 2 0, from a nitric acid soln. of bismuth nitrate, and manganous 
sulph ate treated with potassium permanganate ; and brownish-red vanadium 
Pttmanganite, V^O^fiMnOo.lOHuO, by using ammonium metavanadate in place of 
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the bismuth salt. M. Grbger prepared hydrated chromium permanganite, 
Cr2O3.3MnO2.wHoO, or (^(MnOg^.wI^O, by allowing mixed soln. of manganous 
chloride and podium chromate to stand a short time. The dark brown precipitate 
is formed in accord with 3MnCr0 4 -- Cr0 3 -[ Or 2 (MnO s ) 3 . It forms chromic acid 
when treated with sulphuric acid. For the work of H. Struve, E. Pochard, 
C. Frierlheini and 0. Allemann, C. Friedheim and M. Sunielson, A. Rosenheim, 
and A. Rosenheim and H. Itzig on the complex molybdenum permanganites, 
ride manganese molybdates, 10. 00, 11 ; and for A. Just's, and A. Roger and 
E. F. Smith's observations on tungsten permanganites, ride manganese tungstates, 
10. 61, 12. J\ B. Sarkar and N. R. I)har obtained reddish-brown uranyl man- 
ganite by the general process indicated above. 

For the manganese permanganites, vide supra , manganese dioxide. B. D. Pen- 
field and H. W. Foote obtained a black mineral, crystallizing in cubes with octahedral 
cleavage, from Simpson, Utah ; it was called bixbyite after M. Bixby. The 
analysis was thought to correspond with ferrous permanganic FeO MnOo, and the 
constitution to be Fc(MnO a ). W. Zachariasen, and L. Pauling and M. I). Shnppell 
found that the X-radiograms agreed with a space-lattice isomorphnus with man- 
ganese hemitrioxide, (Fe,Mn) 2 0 3 - vide ferric oxide. The up. gr is 4!Hr>, and the 
hardness, 6 to 6-5. The brostemte, from Brosteni, Rouniania, w r as regarded by P- Poni 
as an iron manganese permanganite, (Fe,Mn)0.2Mn0 2 2H 2 0, but V C Bulurcanu, 
and H. (\>rt i observed that the mineral is not uniform, or homogeneous. M Salinger 
obtained ferric permanganite, 3FeoO3.lOMnO2.3H2O, by adding ummoimim 
persulphate to a soln of ammonium ferric sulphate and ammonium manganese 
sulphate. A. Gorgcu obtained ferric dodecam&ng&nite, Fe 2 0 3 .I2Mn() 2 , by digest- 
ing freshly-precipitated hydrated manganese dioxide with a hot, nq. soln. of a 
ferric salt. The mineral sit&parite from Sitapar, Central Provinces, India, was 
described by L. L. Fermor as a dark bronze-green, crystalline mass, with a com- 
position approximating Ca0.9Mn 2 0 3 .4J c 2 0 3 .Mn0o, or calcium manganic ferric 
permanganite. Its sp. gr. is 4*93 to 5-09, and its hardness is 7. M. Salinger pre- 
pared cobalt permanganite, CoO.Mn() 2 .2HnO, as a brown precipitate from a soln. 
of cobalt sulphate and potassium permanganate ; und A. Gorgcu obtained cobalt 
hexapermanganite, 0o(3.6MnO 2 , by igniting the product obtained by digesting 
freshly precipitated hydrated manganese dioxide in aq. soln. of 11 neutral cobalt 
salt ; and nickel pentapermanganite, Ni0.5Mn0 2 , was obtained in a similar wav. 
P. B Sarkar and N. R. Dhar treated nickel sulphate bv the gcncitd process, and 
obtained brownish-black nickel hexapermanganite, Ni() OMnO^-l 1JLO , and they 
also prepared a reddish-brown platinum permanganite, which, like the gold salt, 
contained only a small proportion of basic oxide. 
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§ 13. Manganese Trioxide and the Manganates 

In 1659 , ,J. H. Glauber 1 molted magnesia 0\r j pyrolusite) with fixed alkali, and 
obtained a mass which when dissolved in water produced a most delicate purple 
coloured liquid which slowly changed its colour to blue, red, and green. The 
anonymous Schlusscl zu dew Cabinet der prim mot Schatzkammer ties Natur , attributed 
to J. Waiz, s f nd that when Piedmont magnesia (pyrolusite) is fused with saltpetre 
and the mass treated with water, a green soln. is obtained, which becomes blue, 
violet, anti finally rose-red. Here the colours are said to appear in the reverse 
order to that leported bv J. ]?. Glauber. ,J. 11. Pott made a similar observation 
to that reported by ,J Waiz, who was right, for W. Seheele observed that when 
manganese dioxide is fused with potassium nitrate, an intense green mass is pro- 
dueed, which he regarded as a salt of a manganifermis arid. It was also observed 
that the mass forms a green soln. with water, which when much diluted, or when 
allowed to stand for some time, acquires a red colour. Accordingly, C W. Seheele 
named this salt mineralise firs Chamdlcan . A. F. de Fourcroy made a superficial 
attempt to find the composition of mineral chunialeon, and (\ F. Bueholz regarded 
the red koIii. as being formed by t.he oxidation of the green soln. by atmospheric 
oxygen. M. E. Chevreul showed that t he alkali nitrate ran be replaced by non- 
oxidizing alkali hydroxide or carbonate, as in J. R. Glauber's experiment, but 
J*. F. Chovillot and W. F. Edwards found that the oxygen necessary for the pro- 
duction of the green salt is absorbed from the air. (■. Forehhammer, H. Aschoff, 
A. Heehavnp, N. Beketnff, and PL M it schorl ich then showed that the green salt, 
soluble in water, is the potassium salt of a dibasic acid, manganic acid, H0M11O4, 
where the manganese is sexavalent, and that the salt is a nwnyanafr, KoMn 0 4 . 
11 . Aschoff, and E. Milscherlich also showed that the violet salt is not an acid salt 
of manganic acid, blit represents a more highly oxidized monobasic ar id, p. r- 
uattuputtc and, HM11O4, where the manganese is scptavalenl, and the salt is a 
permanganate, K MnOj. 

According to B. Fninke, 2 when the green soln. obtained by dissolving potassium 
permanganate in sulphuric acid is exposed to direct sunlight in the presence of moist 
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air, the manganese heptoxide — vide infra — which is formed separates and then 
decomposes into manganese dioxide, manganese trioxide, MnO s , and a blue gas 
giving certain reactions of ozone, but differing from that substance in being decom- 
posed at 150°, and in being soluble in cone, sulphuric acid. He obtained the blue 
gas by the action of moist air on the sulphuric acid soln. of potassium permanganate, 
and regarded it as manganese tetroxide, Mn0 4 , which he supposed was formed in 
accord with (MnO s ) 2 SO 4 +H 2 0=MnO 4 -f Mn0 3 +H 2 S0 4 . It is said that the blue 
gas is best made by passing a current of carbon dioxide, sat. with moisture, on to 
the surface of the olive-green liquid, and leading the escaping gas through two 
U-tubes f one of which is empty and the other filled with calcium chloride. The 
manganese trioxide collects in the first tube, while the second retains the tetroxide. 
The tetroxide is said to be more volatile than the trioxide, to be more blue in colour, 
to be less readily attacked by water, and to be decomposed by the action of sul- 
phuric acid and ether. T. E. Thorpe and F. J. Hambly were unable to obtain the 
slightest ^indication of the blue, gaseous tetroxide under these conditions. 

According to B. Franke, manganese trioxide is formed as a dark red mass when 
the green soln. of manganese oxysulphate is distilled in the presence of water. It is 
best prepared by dropping 20 c.c. of the green soln. obtained by dissolving 5 to 8 
grms. of potassium manganate in 100 c.c. of cone.* sulphuric acid into a small bulb 
containing 10 grms. of dehydrated sodium carbonate : (Mn0 a ) 2 S04-f Na 2 C0 3 
=Na2S0 4 -|- C0 2 -f 0+2Mn0 3 . The red fumes are passed into a U-tube surrounded 
by a freezing mixture, in which they condense to a dark red, amorphous mass. 
T. E. Thorpe and F. J. Hambly recommended filling the U-tube with fragments of 
broken glass, to prevent the pink fumes being carried along with the escaping 
carbon dioxide. The freezing mixture of ice and salt is necessary to retard the 
decomposition of the condensed product, since at ordinary temp, it gradually loses 
oxygen and is converted into manganese dioxide. The curious behaviour of the pink 
fume led them to conclude that it was really an extremely finely-divided solid. 
It floats in the air like a cloud of sal-ammoniac or sulphur trioxide, and like these 
substances may, if suspended in a sufficiently large volume of air or carbon dioxide, 
be passed through water practically unabsorbed. The tn oxide is red in thin 
layers, and dull dark red, almost black, in thick layers. B. Franke said that the 
trioxide has a peculiar odour, and volatilizes at about 50° as a violet vapour, with 
partial decomposition into crystalline manganese dioxide and oxygen ; this decom- 
position iB complete when the substance is heated. It is sparingly soluble in water ; 
a litre of water containing 50 mgrms. of the substance has an intense red colour. 
When the vapour is passed into aq. soda or potash, alkaline manganates are pro- 
duced. The reaction employed for detecting small quantities of manganese by means 
of potassium chlorate depends on the formation of the trioxide. According to 
T. E. Thorpe and F. J. Hambly, when manganese trioxide is absorbed by dil. 
sulphuric acid, a clear pink or reddish -pink soln. is obtained, in which the manganese 
and oxygen are in the ratio of 1 to 3. There is no evidence to show that this Boln. 
contains free manganic acid. If the substance were decomposed as in the aq. soln., 
the ratio of O to Mn would be as 1 to 3, provided that all the manganese were 
retained in soln. When manganese trioxide is dissolved in cone, sulphuric acid, 
it forms a soln. of the same colour as that obtained on dissolving potassium per- 
manganate in oil of vitriol. This may be regarded as additional evidence for the 
existence of (MnOa^SC^. The substance is soluble in caustic potash, and gives a 
green soln. similar to that of potassium manganate. Manganese trioxido gives the 
reactions for ozone : it affects mercury and liberates iodine from potassium iodide. 
It blackens silver, but the stain can be shown to be due to manganese dioxide. 
R. Franke said that* when manganese trioxide is passed into water, the manganic 
acid, H 2 Mn0 4 , which is formed is very unstable and decomposes into manganese 
dioxide, oxygen, and a dark red soln. of permanganic acid. T. E. Thorpe and 
F. J. Hambly represented the reaction : 3Mn0|) + H 2 0' 2HMn0 4 + Mn() 2 . Analyses 
by B. Franke, nnd by T. E. Thorpe and F. J. Hambly agree with the formula Mn() 2 . 
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F. R. Lankshear found that the dark red, amorphous solid supposed to ho manganese 
trioxide has a m.p. — 6°, and its analysis corresponds with a ratio of permanganate 
to manganese dioxide of 4*8 : 1. It is inferred that the alleged manganese trioxide 
gas is nothing more than an impure permanganic acid. According to S. R. Scholes, 
the violet tint of manganese glass is due to compounds of manganic oxides, because 
the pink soln. obtained by extracting the glass with hydrofluoric and 30 per cent, 
sulphuric acids gives a light brown precipitate when diluted with water. 

E. Mitscherlich 3 prepared potaasmm manganate, K 2 Mn0 4 , by heating a mixture 
of any oxide of manganese with potassium hydroxide, carbonate and nitrate, or a 
mixture of potassium hydroxide and chlorate. In the one case, with the hydroxide 
or carbonate, the oxygen is derived from atm. air, and in the other case, from the 
nitrate or chlorate. The green soln. obtained by dissolving the cold cake in water 
is filtered and evaporated in vacuo over sulphuric acid. Green crystals of 
potassium manganate are formed. A similar process was used by P. F. Chcvillot 
and W. F. Edwards, H. McCormack, A. Rechamp, N. ReketofE, R. W. Stimson, and 
(\ Zwcnger. According to P. F. Chcvillot and W. F. Edwards, a mixture of 44 parts 
of manganese dioxide with four times its weight of potassium hydroxide absorbs 
9-4 to 104 parts of oxygen when it is heated in oxygen gas. A. Bechamp found 
that the absorption of oxygen begins at a dull red-heat, and then proceeds rapidly 
until completed According to E. Mitscherlich, if manganese dioxide is heated 
with the alkali hydroxide or carbonate in a closed vessel, the oxygen required for 
the formation of the manganate is derived from the manganese dioxide : 3Mn0 2 
=Mn 2 0 3 +Mn0 3 . N. Bckotoff observed that the splitting of manganese dioxide 
into oxide and acid, in the presence of potassium hydroxide, begins at 130", and the 
absorption of oxygen proceeds at a higher temp The lower manganese oxides 
begin to take up oxygen at a dull red-heat to form llie manganate. P. F. Chcvillot 
and W. F. Edwards said that if a mixture of alkali hydroxide and manganese 
dioxide is heated in nitrogen, no manganate is produced, but C. W. Eliot and 
F. H. Storer showed that the potassium manganate is formed at about 180° in 
nitrogen, and at a red-heat it oxidizes some nitrogen to nitrogen oxide. According 
to P. F. Chevillot and W. F. Edwards, and P. Thtaard, potassium permanganate at 
240" is reduced to manganate. A. F. Jolles obtained potassium manganate by heat- 
ing oq. amounts of potassium permanganate and potassium hydroxide at a dull red- 
heat ; G. Kassner and H. Keller said that the manganate is not formed if eq. quan- 
tities are used : it is necessary to have 1-5 to 2 0 times more potassium hydroxide. 
The permanganate should be dissolved in the alkali-lye and the soln. stirred while 
the water is evaporated, and then the mixture heated to 200° or 300°. According to 
R. Luboldt, P. Thenard, and H. Aschoff, if an alkaline soln. of permanganate be 
treated with a feeble reducing agent, or if it is boiled with potash-lye of sp gr. 1-33, or 
heated to 130°, a dark green soln. of the manganate is formed and the soln. becomes 
green. Oxygen is given off when the permanganate is heated with the alkali-lye. 

According to P. Askcnasy and S. Klonowsky, the potassium manganate of the 
highest degree of oxidation which can be prepared by the oxidation of an excess 
of the lower oxides of manganese in the presence of potassium hydroxide, in an 
atm. containing oxygen, contains a small excess of the alkali. The results obtained 
by starting with manganese dioxide or with manganese hemitrioxide are almost 
the same. In both cases the quantity of manganate formed increases as the temp, 
rises up to the point at which the press, of the oxygen is equal to the dissociation 
press, of the manganate ; at higher temp, the manganate is, of course, decomposed. 
In air the best temp, is about 600° ; in oxygen it is near 700°. Using an excess of 
manganese oxide, some 60 to 65 per cent, of the potassium hydroxide employed is 
converted into manganate under the best conditions. Prolonging the time of 
heating beyond one hour does not materially increase the yield. The absorption 
of oxygen takes place at. 240°, but more slowly than at higher temp. According to 
H. I. Schlesinger and co-workers, when finely-powdered manganese dioxide is 
heated with potassium hydroxide in a current, of air, complete oxidation is frequently 
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attained only by re-moistening and re-heating the mixture. The yield of potassium 
manganate varies with the proportion of potassium hydroxide present ; at about 
300° practically all the manganese dioxide is converted into manganate when two 
aids, of potassium hydroxide are used for each mol. of manganese dioxide. 
Mangani-manganates are not formed under these conditions, but larger amounts 
of potassium hydroxide cause the manganate to decompose into manga ni- 
manganate. The yield of manganate is lowered when sodium hydroxide is used 
in place of potassium hydroxide. 0. Sackur fused in a current of air manganese 
dioxide with an excess of alkali carbonate sufficient to hold the manganese com- 
pound in soln., and so permit of full oxidation. The absorption of oxygen by the 
fused mass ceases as soon as the at. proportion of available oxygen to manganese is 
l a 6. This value is independent of the cone, of the manganese in the fused mass, 
and of the press, of the oxygen above the fusion. Consequently, there is no state 
of equilibrium between the different stages of the oxidation of manganese in the 
fusion and the oxygen in the gaseous phase, but a definite compound is formed 
with Mn : 0-=l : 2-6, or Mn 5 0 13 — that is, 2Mn0 2 .3Mn0 3 . The fused cake is dark 
green, and with a little water, or alkaline soln., it forms a dark green soln. of man- 
ganate and a dark brown precipitate of manganese dioxide ; while with much 
water, or dil. acids, it forms a violet soln. of permanganate and manganese dioxide. 
A similar result was obtained when the potassium carbonate was replaced by 
potassium hydroxide, but with sodium carbonate the atomic proportion of available 
oxygen to manganese was IT) instead of 1-6. A mixture of potassium and sodium 
carbonates in equal proportions gave the same proportions as with sodium car- 
bonate alone. The fusions containing sodium salts were grass-green in colour, as 
opposed to the dark green of the potassium compound. Calcium oxide gave 
similar results to sodium carbonate. When oxygen is absorbed by the fusion, 
carbon dioxide is simultaneously evolved, as shown by the equation : 5Mn0 2 -f ]0 2 
4 wKoCOg— Mn 5 0 13 ,nK 2 0-f w('0 2 . Unless oxygen is passed for a considerable 
time after the evolution of carbon dioxide has ceased, the compound formed in the 
fusion is fift^O.MnjOjo, when M is cither K or Na. AVhen oxidation is complete, 
the ratio of the lowering of the m p. of alkali carbonate to the concentration of the 
manganese in gram-atoms per 1000 grms. of fusion is constant, and equal to 43 
with potassium carbonate and 3f> with sodium carbonate. Hence, the solute in 
each case contains one gram-atom of manganese per mol, so that their formula? are 
K 2 Mn0 3 . 6 and Na 2 Mn0 3 . 6 , respectively. There is no very definite relation between 
the oxygen absorbed and the carbon dioxide evolved, but the results agree with 
the assumption that 8K 2 O.Mn 5 O n is formed, in accord with5Mn20 3 +lOKo('Oj -) 110 
- 10CO 2 + 2(5K 2 0.Mn 5 0 13 ), and 2(5K 2 O.Mn fi O J 3) f 6K 2 C0 3 = fiOO* 2(HK 2 (). 
Mn 5 0 13 ). At 900° to 950° manganic oxide and potassium carbonate interact in 
an atm. of nitrogen in accord with lDMn^+JiI^OCV- 5K 2 0.Mn 5 0 ]3 +l JMn 3 0 4 
+5C0o. The compound 8K 2 O.Mn 5 () ]3 may bo regarded as an additive compound 
of quadri- and sexivalent manganese, namely, potassium manganitomanganate, 
2(K 2 0.Mn0 2 ).3(2K 2 0.Mn0 3 ). With sodium carbonate in place of potassium 
carbonate, sodium manganitomanganate, 4Na 2 O.Mn 2 0 5 , or (2Na 2 0.Mn02)(2Na 2 0. 
Mn0 3 ), is formed, with the permanganitc 2Na 2 0.Mn0 2 as an intermediate product. 
F. Bahr and 0. Sackur measured the dissociation press, of fused mixtures of man- 
ganese dioxide and potassium hydroxide, and obtained the isothermal dissocial ion 
curve, Fig. 40, at 661°, for potassium permanganate. The results show that the 
final product of dissociation is potassium permanganitc, K 2 Mn0 3 , which lias no 
dissociation press , even at 1000 CJ . In potassium manganate the atomic proportion 
of available oxygen to manganese is 1 : 1-0, corresponding with the composition 
3K 2 Mn0 4 .2K«Mn() 3 . ' The formation of products further saturated than this is 
attributed to supersaturution. Tins degree of oxygen corresponds with the com- 
pound Mn ft 0 ]3 .8K 2 0. V. Auger confirmed the existence of 5K 2 O.Mn 5 Oj 3 and 
^Nayp.MrioOft, and lie isolated the sodium salt by heating in a silver crucible 10 gnus, 
of potassium pcmianganale with J00 grms. of sodium hydroxide and 20 c.c, of 
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water. The crystalline mass was washed with a cone. soln. of sodium hydroxide, 
when the compound was obtained os a micro-crystalline, bluish-green powder, 
which underwent immediate decomposition on treatment with water. For 

O. Dieffcnbach’s electrolytic process, vide infra, potassium permanganate. 

E. Mitscherlich's analysis agreed with the formula K 2 Mn0 4 ; and R. T. Colgate 
regarded the substance as having the constitution : 

KK 

KO.O.Mn.O.O.O.O.Mn.O.OK 

KO.O.Mn.O.O.O.O.Mn.O.OK 

KK 

H. Lcssheiin and co-workers discussed the. constitution of the manganate*. 
E. Milschcrlich said that potassium manganate furnishes green crystals ; C. Zwenger, 
that the crystals have a brownish-red tinge, and are not green ; while H. Aschoff 
added that the smallest crystals are so nearly black as to uppear to be opaque. 
E. Mitschcrlich found the axial ratios of the rhombic crystals to be a :b : c 
0-58118 ; i : 0-7570 ; and added that the crystals arc isomorphous with those of 
potassium sulphate, Helen ate, and chromate. The, subject was discussed by 
J. W. Iietgers ; and the effect of manganate* on the crystallization of sodium 
chlorate, by if. E. Buckley. F. Bnhr and 0. Sackur found that when potassium 
inunganate id heated, it dissociates into potassium permanganite and oxygen, a 
reaction which has the following dissociation pressures, p mm. of mercury: 

r.l>7“ 510“ 543* 572° (110° G2tt B 653“ 667" 

V - -11 15-1 27-3 52-G 138-5 221 381-5 632 

P. Askenaay and 8. Klonowskv obtained rather higher results, namely, 40 mm. 
at 518 fl , and 763 mm. at 661 c , Fig. 52. If the oxygen is pumped oij, the dissocia- 
tion press, remains constant until about two-thirds of the oxygen given by the 
equation K 2 Mn0 4 =K 2 Mn0 3 +.}0 2 has been expelled. Afterwards the press, of 
the oxygen falls. This is taken to show that solid soln. are formed as indicated 
above. E. Franke gave for the conductivity, A, of soln. of an eq. of manganic 
acid in v litres of water at 25° : 

v . 64 128 250 512 1024 

A . 345-2 340-0 340-1 343-0 342-8 

The acid was here obviously unstable and decomposing. According to 0. Sackur 
and W. Taegoner, and 0. Sackur, the normal potential for the electrochemical 
change j>emiftnganatc to manganate : Mn0 4 ' — Mn0 4 " 

+ F is E H =--0-61 volt, when deduced from the e.ni.f. of 
the cell Pt:KMnO 4 ,K 2 MnO 4> KOH:0-8JV-KOII,lIgO: 

Hg, at, room temp. This value is independent of the 
acidity or alkalinity of the soln. ; but it changes with 
the cone, of manganate and permanganate in accord 
with E H ~ 0-61 + 0-058 {log [Mn(Y] - - 0-058 log |Mn<V'J} 
volt. The normal potential of the electrochemical 
change Mn0 4 " -|- 4 2H 2 0- Mn0 2 -+ 40H'+2F is nearly 
A’n 0-50 volt for normal soln. of alkali hydroxide. 

This value is calculated from measurements of the 
e.ni.f. of a roll of the type (Ft) : K 2 Mn0 4 ,Kl)H : 

0-8A 7 -KOH,HgO : Hg, Since with a high concentration 
of alkali-lye, the separation of manganese dioxide may 
be attended with the evolution of oxygen, a film of man- 
ganese dioxide is deposited on the platinum. The variation in the potential with 
changes in the concentrations of potassium manganate and alkali hydroxide is re- 
presented by .ff H ~0-50+0-029{log lMn0 4 "]--0-116 log [0H # ]| volt. The oxidation 
potential also increases very much with a decrease in the alkalinity of the soln. For 
a neutral molar soln. of Mn0 4 ", JJu— 1-31 volts, and for a normal soln., jEh—2-12 
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ciation Curve of Potassium 
Manganato. 



INORGANIC AND THEORETICAL CHEMISTRY 


volte. The solo, are not stable, and the potential for change into Mn0 2 exceeds that 
for the change into permanganate, so that one-third of the manganate changes to 
manganese dioxide : Mn0 4 "+4H’=-Mn0 2 + 2H 2 0+2JF, for which £h= 2-12 volte, 
and two-thirds to permanganate : 2Mn0 4 "+2/ 1 - 2Mn0 4 ', for which 2J H =ri 0-61 volt. 
The free energy of this transformation with normal concentrations is 2/ , (2*l 2—0-61) 
volt, or 3-02JF joules, or 69-6 Cals. The free energy changes with variations in the 
concentration of the acid, permanganate, and manganate in accord with Q— 69,600 
+5320 log [H’]+0*3990 log [Mn0 4 "]- 2660 log [Mn0 4 '] cals. The tendency of the 
manganate to change into permanganate thus increases markedly with an increase 
in the acidity of the soln. The change can occur even in feebly alkaline soln. 
O. Sackur and \V. Tacgener also calculated that fo** iV-KOH soln. the dissociation 
press, for the ehange 2K 2 Mn0 4 + 2H»0^2Mii0 2 -r4K0H+0 2 is nearly 10® atm. 
C. E. Ruby gave for the molar electrode potentials at 25 n , with solid manganese 
dioxide: Mn0 2 +40H'+2®-Mn0 4 ' +2H 2 0, -0*664 volt; Mn0 2 +40H'+3<B 
=Mn<V+2H 2 0, -0-647 volt; and Mn0 2 + 2H 2 0+3®^Mn0 4 ' 4 4H\ -1-757 
volts. C. E. Ruby also found the equilibrium constant A r --[Mn0 4 '] 2 [0H'] 4 /| Mn0 4 "] 3 
for the reaction 3K 2 Mn0 4 t 2H 2 0-~Mn0 2so | id +2KMn0 4 +4K011 to be 53 at 45°. 
The corresponding decrease of free energy is 10,500 joules, and the e.iu.f. of a cell 
in which it occurs is 0*054 volt. H. I. Schlesinger and H. 13. Stems found the 
equilibrium constant lor the reaction between manganate and permanganate ions 
K — [Mn0 4 '] 2 LOH'] 4 /[Mn0 4 ''] s to be K =- 16 at 25°. 

The manganates are usually supposed to contain sexivalent manganese, like the 
isomorphous sulphates and selenates. G. F. Schonbein regarded them as complex 
salts of manganese dioxide and a dioxide of an electropositive metal- -e g. Na 2 0 2 , 
K 2 0 2 , Ba0 2 , etc. P. F. Chevillot and W. F. Edwards observed that potassium 
manganate forms a green soln. with water, but the colour rapidly changes through 
blue, violet, and purple to carmine-red, in proportion as the excess of potassium 
hydroxide is removed from the salt by water— especially if the water is hot, or if a 
large proportion is present. E. Mitscherlich said that the salt is decomposed by 
water, yielding a red soln. of the permanganate and a deposit of hydrated man- 
ganese dioxide : 3K 2 Mn0 4 +2H 2 0--“2KMn0 4 -+ 4K0H+Mn0 2 . C. Frornherz added 
that a soln. of the salt in air-free water kept in air-tight bottles, completely filled, 
turns red. This show’s that the affinity of water for the alkali is sufficient to 
decompose the salt. G, Forchhammer, and C. Froniherz noted the precipitation of 
hydrated manganese dioxide when the green soln. of manganate* passes into a red 
soln. of the permanganate. The reaction was studied by H. Aschoff, and E. Mulder 
added that on account of the formation of potassium hydroxide, the conversion of 
manganate to permanganate is not complete. E. Mitscherlich observed that 
potassium manganate dissolves without decomposition in an aq. soln. of potmi Uim 
hydroxide, forming a green soln., from which the salt can be separated by evapora- 
tion in vacuo. The salt so obtained is contaminated with alkali hydroxide. If the 
soln. in alkali-lye be exposed to air, the hydroxide is converted into carbonate, and 
the green manganate then changes to red permanganate and hydrated manganese 
dioxide. J. W. Ketgcrs represented the reaction with a soln. of alkali hydroxide: 
15K 2 Mn0 4 -| 9H 2 0 — 10KMnO 4 + K 2 () 5Mu() 2 r 18KOH— vide nupra for the observa- 
tions of P. Askenasy and 8. Klonowsky, and O. Sackur. Owing to the instability of 
soln. of potassium manganate in water, the solubility of the salt in water cannot be 
satisfactorily determined ; but being stable in alkaline soln., solubility measure- 
ments for different concentrations of potassium hydroxide were made by 0. Sackur 
and W. Taegener. The following is a selection from their results, expressed in 
8 mols of K 2 MnG 4 per litre of the alkaline soln. : 
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This shows that the solubility of the salt in dil. alkali-lye is very great ; it increases 
only a little with a rise of temp., and it decreases markedly with increasing con- 
centration of the lye. According to 0. M. Tcnhic du Mot ay, the salt is decomposed 
when heated in water vapour; 2K 2 Mn() 4 1 2H 2 0-4K0H f MnijOa-l-30, and the 
reaction has l>een utilized for the preparation of oxygon by H. Vogel, H. Weppen, 
M. Dutremblay and M. Lugan, R. D. Bowman, J. H. Parkinson, A. F. S. Bcllonc, 
(r. Webb and G. H. Raynor, F. Fanta, and C M. Tcssie du Motay and 0. R. M. de 
Marechal. The original manganate is regenerated by heating the mixture in air. 
E. Mitscherlich, and P. F. Ohevillot and W. F. Edwards noticed that the presence of 
adds- -carbonic acid from the air, sulphuric acid, nitrie acid, or other non-reducing 
acid — accelerates the passage of the manganatc to permanganate in soln., and 
G. Forch hammer observed that the change is always accompanied hy the deposition 
of hydrated manganese dioxide. H. Aschoff represented the reaction : 3K 2 Mn0 4 
+ 2C0 2 - 2KMn() 4 -f Mn0 2 4 2K 2 ( , 0 3 . This is not in agreement with T. L. Phipwm's 
assumption that the transformation is simply an effect of the withdrawal of alkali 
from the permanganate. E. Mitscherlich briefly mentioned a potassium dihydro- 
tetramanganate, 3K 2 Mn() 4 ll.>Mn() 4 . which he considered to he isomorphous with 
the salt 3K 2 S0 4 .H 2 S0 4 . 

G. vStadeler found that chlorine t ransfonns alkali munganate into permanganate : 
2K a Mn() 4 I'C’ln 2KG1 -\ 2KMn() 4 . Chlorine is evolved when a munganate is 
treated with cone, hydrochloric acid, and, according to J. V\\ Retgers, some man- 
ganese trichloride (<y.t\) is formed. J. If. Senderens observed that wiien the alkali 
manganatc soln. is boiled with sulphur a thiosulphate is formed, and the reaction 
can he represented : 2K^Mn0 4 -f- 58 | 2H 2 0 - Mn 2 0 3 .ll 2 0 [ 2K 2 S 2 0 3 | I1 2 S. 

(\ F. Bchonbein found that a soln. of a mauganate is reduced and decolorized hy 
hydrogen sulphide, forming maugunous sulphide and sulphur ; and similarly with 
sulphur dioxide. 11. Aschoff found that cone, sulphuric acid forms anhydrous 
manganese hept oxide and dioxide. E. Mitscherlich added that when a soln. of 
potassium manganatc is boiled with sulphuric acid— vide supra- hydrated man- 
ganese dioxide is precipitated and oxygen is evolved ; L. Kaldcnberg and 
W. J. Traulmann observed no reaction when a mixture of powdered silicon and the 
manganatc is heated over a hunsen burner, but a reaction occurs ar a higher temp. 
The manganates detonate on rcd-liot carbon. 1\ F. Ohevillot and W T . F. Edwards 
noted that the presence of ammonium carbonate in soln. favours the transforma- 
tion of manganatc to permanganate ; and J. W. Retgers, h. Santi, and G, Doycr 
van Cleef represented the reaction with ammonium salts in the presence of ammonia 
by .the equation : 3K 2 Mn0 4 4-4rNH 4 Cl— 2KMri0 4 4Mn() 2 H 4KT4+4NH 3 \ 2H 2 0. 
E. Mitscherlich observed that the manganatc soln. behaves with boiling nitric acid 
as it does with sulphuric acid : K 2 Mn0 4 +2HN0 3 — 2KN0 3 +Mn0«+H 2 0-|-(). 
As indicated above, carbon dioxide in soln. favours the transformation of manganatc 
to permanganate. W. Muller found that when the salt is heated to redness in the 
vapour of carbon disulphide, the reaction can be represented: K 2 Mnt) 4 -|-2C , &» 
— K 2 8 a -|-MnS-(-2C02. J. lfolluta studied the action of manganates on formic acid, 
and on formaldehyde. A. F. Julies found that a soln. of the manganatc furnishes 
insoluble compounds with some of the metal oxides, < j g- cobalt oxide. According 
to A. Gawalowsky, the addition of a soln. of ferric chloride to a soln. of a mungaiiate 
furnishes oxygen and a soln. of the so-called liquor fcrn ojychlarati ; while witli 
copper sulphate, oxygen is develoj>ed and a whitish-grey precipitate, which is 
oxidized by nitric acid to copper sulphate, is formed. J, W. Retgers found that 
thallous salts are oxidized to thallic salts by potassium manganatc. J. W r . Retgers 
prepared mixod crystals of potassium manganate with rubidium mauganate, 
Kb 2 Mn0 4 , or with csesium maug anate, Cs 2 Mn0 4 , showing that both salts are 
isomorphous with potassium manganate. If a neutral soln. of potassium manganate 
be treated with ammonium sulphate, the green soln. immediately reddens, as 
indicated above. An alkaline soln. of manganatc decomposes the ammonium salt. 
Hence, ammonium mauganate, (NII^MnO*, could not be prepared. 
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P. F. Clievillot ami W. F. Edwards prepared sodium manganate, Nu 2 Mn0 4 , by 
boating to redness a mixture of manganese dioxide and sodium hydroxide in air ; 
J. G. Gentele obtained the manganate by an analogous process at a dull red-heat ; 
and (\ M. Tcssie du Motay and C. R. M. de Mareclml worked the process at 400 u . 
E. Rothe heated to redness manganese dioxide with three times its weight of sodium 
carbonate in a current of air and obtained a 74*6 per cent, yield of sodium man 
ganatc. F. Wohler said that no sodium manganate is formed when a mixture of 
manganese dioxide and sodium nitrate is heated out of contact with air ; nor did 
0. M. Bradbury succeed in preparing sodium manganate by this process. V. Auger 
said that the salt is easily obtained by heating sodium permanganate in a silver or 
platinum dish with twice the calculated quantity of sodium hydroxide ; oxygen 
logins to form at 115°, and the reaction is complete 1 at 125°. On cooling, sodium 
mangunate separates in bluck crystals with a violet reflex. J. W. Retgers said 
that sodium manganate is probably not isomorphous with sodium sulphate and 
selenate. W. (t. Mixtcr gave for the heat ol formation (Mn,30,Na 2 0) l(ilM) (‘ids. ; 
and (Mn0 2 ,0,Ndo0)- 49*4 ( 'ids. E. Mitseherlich said that the salt is too soluble 
to allow it to be purified by crystallization from aq. soln., but J. G. Gentele said 
that if it be boiled with water, it forms a green soln. which can be filtered through 
powdered glass, and slowly cooled to 0 U , when a pale green mass of radiating crystals 
of the « h'cabjdratv , Na 2 MnO 4 .l0H 2 O, is formed. It is dried on a porous tile. When 
dissolved in water, the green salt is partially decomposed. R. Funk could not 
prepare this green hydrate, but he always obtained crystals of sodium carbonate 
coloured dark green by the mother-liquor. V. Auger, however, found that when 
au aq. soln. of the salt is cooled by a freezing mixture, the decahvdrate appears in 
black needles of m.p. 17°, and the crystals appear to be isomorphous with those of 
sodium chromate. A soln. containing an excess of sodium hydroxide deposits 
black prisms of the hexahydrate , Na 2 Mn() 4 .GIl 2 0 ; and a soln. m 5 jut cent, sodium 
hydroxide soln. deposits black prisms of the tetrakydrate , Nu^MnO^Hjd), when it 
is concentrated by evaporation. The salt behaves towards steam as in the case of 
potassium manganate, and can be used for the preparation of oxygen in a similar 
way {q.v.). J. W. Retgers found thut. if powdered manganese dioxide be melted at 
a white-heat with a mixture of lithium carbonate and nitrate, the manganese 
dioxide does not dissolve as it does in the case of the sodium salts, and consequently 
he could not prepare lithium manganate, Li 2 Mn0 4 — vide infra . A. Gawaluwsky 
found that copper sulphate decomposes a soln. of potassium manganate- vide supra 
— and a copper mflflgymafa, CuMn0 4 , has not been prepared. A. F. Julies obtained 
the basic salt copper dihpdroxymanganate, (Cu0H) 2 Mn0 4 , by the action of an 
excess of ammonia and potassium manganate on a soln. of a copper salt : 
2 C , u(NH 3 OH) 2 + K 2 Mn0 4 — 4NH 3 -f 2K0H-)-(Cu0H) 2 Mn0 4 . J. W. Retgers said 
that silver mangana te, Ag 2 Mn0 4 , appears nicht existenzfahig zu scin. Silver oxide 
seems to be too feeble a base to unite with manganic acid. A neutral soln. of silver 
nitrate colours red a green neutral soln. of sodium manganate, and silver jier- 
manganate is deposited. A similar reaction occurs when an aiiunoniacal soln. of 
silver nitrate and a green ammoniacal soln. of potassium manganate are mixed. 

According to P. F. Clievillot and W. F. Edwards, if equal parts by weight of baryta 
and manganese dioxide be heated to bright redness in air, oxygen is absorbed, and 
a dark given insoluble mass of barium manganate, BaMn0 4 , is formed. H . A Inch 
Used barium carbonate in place of baryta, and employed a higher temp. ; he thus 
obtained a dark green crystalline mass, G. Forchhammer, and 0. Fromkerz heated 
the manganese dioxide with barium nitrate, and washed the product with water ; 
they thus obtained an insoluble emerald-green powder. J. A. Hedvall and N. vun 
Zweigbcrgk observed that barium dioxide begins to react at 200° with manganous 
oxide: 2Ba0 2 -| Mn0=HaMn0 4 4 BaO ; at about 140° with manganosic oxide: 
5Ba0 2 bMn 3 0 4 — 3BaMn0 4 d-2Ba0 ; at 250° with manganic oxide : 3Ba0 2 +Mn 2 0a 
~2BaMn0 1 -f BaO ; and between 350° and 550° with mauganese dioxide : 
Ba0 2 +Mn0 2 — BaMn0 4 . A. Safarik added manganese dioxide to a soln. of barium 
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hydroxide in molten potassium chlorate, and washed the product with boiling 
water. E. Fleischer heated a mixture of barium permangauate and barium oxide ; 
E, Donath, a mixture of manganese dioxide or carbonate with baiium dioxide , and 
(\ Huggenberg, a mixture of manganese dioxide, barium hydroxide, and sodium 
nitrate. According to W. Lindner, when a soln. of potassium permanganate and 
barium chloride is boiled, barium manganate is precipitated, and a similar process 
was used by E. Fleischer, A F. Jolles, and It. Kottger. ('. Fromherz obtained 
the inanganate by treating lnnnganie acid with an excess ol baryta water ; and 
E. Mitsclierlich, and H. Aschoff obtained it by allowing a mixed soln. of barium 
permanganate and hydroxide to stand for some time A Gorgeu obtained barium 
manganale by reducing a soln of tin* permanganate with livdiogen dioxide 
(1 Knssner and H. Keller found that barium inanganate forms a peiniangamte when 
treated with hydrogen dioxide, but the niangaimte is re-formed when the permuu- 
gamte is calcined in air. According to H 1 Kcblesingcr and H. H. Hiems, barium 
inanganate may be prepared by the « nut urns addition of a sat. soln. of potassium 
permanganate to a boiling sat. soln. of barium hydroxide, carbon dioxide being 
excluded. The bluish black banum inanganate is washed by decantation, 
separated, dried at 1 10 , and then in a vacuum desieeatoi over phosphorus pentoxide. 
It is decomposed by phosphoric and: 3BaMn() 4 f lH; J l , i) 4 2Bu|TM , 0 4 ) 2 
| Ba(Mn()|) 2 -) l\ln<K -j 2H 2 0. The solubility product determined from the eqm- 
libiium coup. in BaMn0 4 r K»( , 0 3 K 2 Mn0 4 is 2-GxlO" 10 , assuming that 
under equilibrium conditions potassium carbonate and inanganate are equally 
ionized. E. Wedekind gave 10*1 xl() for the magnetic susceptibility of barium 
manganato. A. Saturik found the green powder oi aeieular to tabular erv Mills of 
barium niangaimte to Jiave the sp. gr. 4*85 at 23 K Wedekind and <\ .Hoist 
examined the magnetic susceptibility. Barium inanganate l" insoluble in water, 
ami decomposed by acids. G. Kassner used barium inanganate for bleaching 
purposes, and re-calcined the resulting barium permaugunite to re-form the 
inanganate. 

A. Hobi'iihliolil houtud to redness nn intimate inivtuiv of manual it so dioxide, barium 
nitrate, and barium hydroxide iu the proportions 1 ■ 4 . 0 to h, washed the produet with 
boiling water, then with told w'ater, and obtained un eineiald gn en powder ruusiMiug of 
SBaO^lVlnO;,. It is stable when drv, but docom post'd w ln*n inoisl and exposed lo an. 
According to Hose, tho product has been used as a pigment t »**<{ #. yom, mamjumM - 
yrua, and Hoatnatiehl a yum. L. Schad, ('. Vogt, and A. Bunlroik used china cln> or 
barytes as a component of the mixture used for prepHiing the pigment, in order to inake 
the moss less fusible during eulci nation. According to G. Knssnei ami 11. Kellci, and 
A. F Jollefl, when tho pigment is prepared in tho wet way, its composition is BaMn() 1 with 
less thun a mol. of water, while V. Auger and M. Billy represent i d it b\ the formula 
Ba a (Mn0 1 ) l .HgO. ~ 

P. F. (Jheviliot and W F. Edwards prepared a strontium manganate by caleining 
a mixtuie of manganese dioxide and strontia. The pule green powder is insoluble 
in water. C 1 . Fromherz obtained an analogous product by calcining n mixture oi 
manganese dioxide with twice its weight of strontium nitrate nt/t uijnt V. Augei 
ami M. Billy suid that the calcium mang&n&te, GaMn0 4 , obtained by 1\ F. < ’hevillot 
anti W. F. Edwards, G. Forchhaininer, C. Fromherz, and E. 1 Manner by calcining 
an intimate mixture of manganese dioxide ami slaked lime or chalk is impure. It 
is insoluble in water, and gives off oxygen when heated rn/r ntjni. A. F. Julies 
obtained a basic cadmium manganate, GdMn0 4 .]LU, by the action oi an excess 
of ammonia and potassium manganate on a soln. of a mdimiim salt. According 
to A. Cawalowsky, mercurous manganate is probably formed as n blai k pieeipitate 
when an alkali permanganate in an alkaline soln. is treated wit h mercury ; W. Kirch- 
mann said that mercurous and mercuric oxides are fonued; and J), Burar 
represented the reaction : 2KMn() 4 + 3Ilg )- H 2 0 3llg0 1 2Mn0 8 + 2K()]I 
J. W. Iletgers could not piepare thallous manganate on account of the oxidation 
of thallous to thallio salt* by polattoiulii manganate. A. F. Julies obtained lead 
manganate, PhMu0 4 21L0, as a chocolate- brown powder by the action ot cold soln. 
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of cq. proportions of lead acetate and potassium permanganate. J. B. Hannay 
could not prepare it by tbc action of nitric acid and potassium chlorate on mixed 
soln. of manganous and lead salts. A. F. .lolles found that lead manganate loses 
its water at 150°, and that it is a strong oxidizing agent. 

For the manganous manganatea of A. Guyard, vide supra, V. Auger and 
M. Billy prepared a series of manganmatujanates or mangftnitnmnnganafcftfl of the 
type 3 ROJVlnO 2 .MnO 3 .H 2 O, or RjMngOg.HgO, by fusing at 180° to 250° mixtures 
of a hydroxide of an alkaline earth, sodium and potassium nitrates, and potassium 
jiermanganatc. The salts are said to be constituted ; HO.R.O.MnO.O.It.O. 
M 11 O 2 -O.R.OH. J. Ilolluta found that manganitomanganate is probably an 
intermediate product in the reduction of the manganatea by formic acid. The 
absorption spectra of manganatea and manganitomanganatea are different. The 
basic barium manganate of A. Rosenstiehl is thought by V. Auger and M. Billy to 
be barium manganitomanganate, Ba3Mn 2 0 8 .H 2 0, and it can be made by the 
general method as a green insoluble powder which can be heated to redness without 
losing its combined water. The corresponding strontium man g anito mmigana to, 
Sr<iMD 2 0 8 .Il 2 (), is probably the same as the products reported by’P. F. CheviJIot 
and W. F. Edwards, and C. Fromlierz -vide supra. Similarly also with the calcium 
manganate cited above, which V. Auger and M. Billy regarded as identical with 
calcium manganitomanganate, Ca 3 Mu20 K .H 2 0. Bv working in an analogous 
manner, insoluble li thium mang anitomanganate, Li 3 Mn 2 0 8 .H 2 0, was obtained. 
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§ 14. Permanganic Add 

P. F. Chevillot and W. F. Edwards 1 observed that on adding a little water to a 
soln. of potassium permanganate in cone, sulphuric acid, a violet vapour is given 
off which soon condenses and decomposes ; 0. Unverdorbrn also observed that 
if the permanganate be warmed with a little cone, sulphuric; acid, the red vapour 
which is evolved attacks the lungs, and readily decomposes in the absence of water 
into manganese dioxide and oxygen ; it forms a red soln. with water. L. lhinefcld 
found that it can be distilled from n cone, sulphuric acid soln. of the permanganate 
at 1.30°, and the vapour condenses to carmine-red needles, which are. deconi|>osed 
by water into manganic oxide and sulphuric acid. L. Gmolin said that, if the per- 
manganate is ejuite free from chlorine, no red vapour is produced under these 
conditions. F. Wohler observed that, when cone, sulphuric acid is poured over 
the crystals of potassium permanganate, the salt is decomposed with explosive 
violence and the evolution of much heat, and even tlnine. A cloud of finely-divided 
manganese oxide is also produced, and there is a copious evolution of oxygen. 
F. Wohler hence concluded that permanganic acid is a gas which, at the moment 
of its liberation, is decomposed by the heat of the reaction into oxygen and man- 
ganeHe dioxide. T. E. Thorpe and F. J. Hambly, and B. Franke added that the. 
permanganate here employed probably contained some chlorate or perchlorate, 
because the purified and dry salt dissolves quietly in cone, sulphuric acid without 
any great rise of temp. According to II. Aschoff, if cone, sulphuric acid be used, 
a dear, sage-green soln. is produced, and if the monohydrated acid be employed, 
the soln. is dark brown and it contains a number of oily drops which gradually 



INORGANIC AND THEORETICAL CHEMISTRY 


sink to form a very unstable, dark reddish-brown liquid which does not solidify 
at —20°. H. Aschoff analyzed this reddish browit liqyid, and he obtained data 
in accord with the assumption that it is a compound, manganese heptoxide* or 
permanganic anhydride, Mn 2 0 7 . If. Aschoff prepared this compound by adding 
to well cooled sulphuric acid of ap. gr. 1*815, in small quantities at a time, potassium 
permanganate, free from chlorine. The dark olive-green liquid forms oily drops 
of manganese heptoxide, which settle to the bottom as a dark redd ibli -brown liquid. 
Up to about 20 grms. of the permanganate can be employed without danger. 
J. M. Loven, and A. Terreil used a similar process. P. Thlnard prepared what lie 
regarded as anhydrous permanganic acid, and A. Terreil also regarded as per- 
manganic acid the greenish-black, oily drops of liquid which he obtained by the 
action of moisture or a small proportion of water on a soln. of permanganate in 
sulphuric acid. The product was probably the anhydride Observations on the 
action of sulphuric acid on permanganate were also made by M. Spiess, H. Knlhe, 
Tt. Bottger, J. Personne and M. THcrmite, and E. Delnurier. 

B. Franke, from indirect evidence, inferred that the dark green soln. obtained 
by the action of sulphuric acid on potassium permanganate contains manganic 
rf)xysulphate, (Mn() 3 ) 2 S0 4 , formed in accord with 2lvMn0 4 | IL»S0 4 -K 2 S0 4 
{ 2HMn0 4 , and 2HMn0 4 4 H 2 S0 4 - (Mn0g) 2 S0 4 \ 21I 2 0. The argument was liased 
mainly on the existence of the analogous oxyfluoride, MuOjF, and the oxychloride, 
MnOgCl , and the difference in the colours of the soln. obtained h> the use of 
concentrated and monohydrated sulphuric acula vide supra corresponds with 
the assumed difference in the chemical nature of the soln T. K Thorpe and 
F. J. Humbly continue : On adding a small quuntity of water to the well-cooled 
green soln., manganese heptoxide is produced m accord with B. Fmnke's equation ■ 
(Mn0 3 ) 2 S0 4 -fIIo0— II 2 80 4 -( JVln 2 0 7 . This accounts for the production of tin* 
heptoxide by the use of monohydrated sulphuric acid and it* non-formation 
when the cone, acid is employed. According to T. E. Thorpe and F. J. llambly, 
if potassium permanganate be added in small quantities at a time to pyrusulphuric 
acid, or to sulphuric acid to which sulphur trioxidc has been added, us eac h 
successive portion of the salt reaches the acid, flames are emitted, together with a 
cloud of sulphur trioxide, darkened in colour by particles of manganese dioxide. 
The soln, obtained is of a lavender-blue colour, and on standing deposits a pink- 
coloured salt ; this on treatment with cold water forms a deep brown soln. which 
ultimately deposits brown oxide of manganese, if the dark green soln. of potassium 
permanganate in sulphuric acid be cautiously heated in a current of air, the violet 
gaseous substance which is given off, and w’hich condenses to a dark red, viscid 
inass, was considered by A. Terreil to be permanganic acid, HMn0 4 , but H. Aschoff 
showed that it is also produced by the gradual decomposition of the heptoxide, 
which contains no hydrogen. As indicated above, B. Franke, and T. E, Thoipe 
and F. J. Hambly considered it to be manganese trioxidc, Mn() 3 , while F. R. Lank- 
shear regarded it as impure permanganic acid. 

H. Aschoff described manganese heptoxide as a dark reddish-brown, oily liquid . 
A. Terreil Naid that its colour is greenish- black ; while J. M. Loven said that its 
colour is yellowish-green, and its sp. gr. 2*4. I). Balareff discussed the mol. vol. 
He also gave for the heat of soln. (Mn 2 0 7 ,Aq) - (2IIMn0 4 ,Ag)+12 Cals. A. Simon 
and F. Feher gave for the dissociation press., p mm., of the heptoxide : 

o° 2 r 6 ° io° 14 2 r 

71 . . , .0*5 1-2 3*2 7-0 147-0 393 nnu. 

The heats of the reactions are (2Mn,3j0 2 ) - 170 Oak. ; and Mn 2 0 7 — >2Mn0 2 H 1 
| 82 Cals. A. Terreil thought that it formed a violet vapour with an unpleasant 
metallic odour. According to 11. Aschoff, the liquid does not solidify at — 2U 1 , and it 
is apparently noy-volatilc, because it may be heated under reduced press, to G0°-G5 ‘ 
without the slightest evolution of vapour, but al higher temp, it is decomposed with 
a Midden and violent explosion into oxygen aud manganic oxide. The rapidity of 
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the cxplusiou )h attributed to the action of flu* separated manganic oxide, since 
P. Thenard has shown that a minute quantity of manganic oxide instantly resolves 
the hejitoxide, even in tlic cold, into oxygen and manganese dioxide. P. Thenard 
said that the heptoxidc detonates at .’JO 1 1o 40', with the formation of oxygen and 
manganese dioxide. A. Terreil also noted that it decomposes when rapidly heated, 
Htul when slowly heated its temp, cannot be ruised above 00° or 70°. ,1. M. Loven 
also noted the formation of manganese dioxide when the heptoxidc explodes. 
H. Aschoff found the heptoxidc to be extremely unstable, and it slowly evolves 
ozonized oxygen ; as the bubbles of gUB burst at the surface of the liquid, they 
form a violet, cloud. P. Thenard, and A. Terreil noted that the heptoxide smells 
of ozone. J. M. Loven added that in dry air the heptoxide can be kept many days, 
but m moist air it forma a violet vapour — vide supra. H. Aschoff observed that 
a drop of the heptoxidc in hydrogen decomposes explosively ; and that iu air it 
is very hygroscopic, and is gradually decomposed by 1 ho absorbed moisture: 
when it is dropped into water it dissolves, forming a purple liquid, with the evolu- 
tion of so much heat that it suffers partial decomposition, and the aq. soln., even 
when dilute, is gradually decomposed by heat into manganes** dioxide and oxygen. 
The heptoxide decomposes by contact wilh sulphur, and likewise in hydrogen 
sulphide. It dissolves in cone, sulphuric acid without decomposition, forming an 
olive-green or sage green soln.- ride supra. A. Terreil said that tin 1 soln. in a 
mol of sulphuric acid diluted with three mob of water is violet ; while there is a 
vigorous reaction, accompanied by light, when the hejitoxide is put m contact with 
a few drops of a soln. of potassium sulphite, il. Aschoff found that phosphorus 
in contact with the heptoxide produces a violent explosion There is also a detona- 
I ion when the heptoxide is brought in contact with carbon, carbon disulphide, 
and with many organic substances- < r/. paper, ethylene, alcohol, and ether. 
J V. Durand observed that the green soln. of manganese liQpt oxide in cone sulphuric 
acid oxidizes diamond, grap life, and acetylene- black quantitatively in the cold, 
at diffejent rate*, to fnnn cut bon dioxide. i\ A. Winkler made some observations 
on the reaction with ether. A. Terreil observed an explosion occurs when the 
heptoxidc is brought in contact with fats. J. M. Loven observed that it forms a 
cherry-red soln. with acetic acid. According to IL Ubttger, a mixture of 2 parts 
ot dry potassium permanganate and 3 parts of cone sulphuric acid gives off ozonized 
oxygen on standing fora week, and it is a powerful oxidizing agent ; for instance, 
a couple of drops of the mixture in contact with a couple of drops of the following 
oils produce an explosion or else inllammatioii : nutmeg, rue, citron, cloves, mar- 
joram, cubob, and spikes, and wilh oil of thyme, and turpentine ; while methyl and 
ethyl alcohols, carbon disulphide, ether, ethylene chloride, benzene, coal-gas, paper, 
and cotton inflame, without explosion; and gun-cotton and gunpowder are not 
inflamed. P. Thenard, and 11. Aschoff observed that silver oxide, inerciiiic oxide, 
and manganese dioxide decompose manganese heptoxide in the cold. 

Soln. of manganese salts are readily oxidized to pink or violet permanganates, 
or permanganic acid, HMn0 4 . Thus, (r. Forchhammer oxidized manganous 
sulphate by digesting it with load dioxide anti sulphuric acid. W. Crum, and 
J. Volhard recommended nitric in place of sulphuric acid. The reaction was 
studied by T. M. Oliatard, S. Peters, P. Pit-hard, A. Ledcrc, L. L, do Kmiinck, 
T. IS. Thorpe and F. J. Hambly, A. Ledebur, F. ('. H. Muller, V. Deshaycs, 
F. Osmond, 0, W. (Jibbs, R. Parkinson, P. A. Meerburg, J. B. J. I). Boussingault, 
iiud V. F. Schonbein. U. Forchhammer treated a green soln. of potassium man- 
ganate with lead nitrate, and the precipitate* of manganese Jiemitrioxide and lead 
dioxide -after washing but not drying- w r as decomposed by prolonged digestion 
vdtli i dil. sulphuric acid (L : 10), not in sufficient quantity to saturate the lead oxide. 
L. Fromherz objected that most, of the permanganic acid would be decomposed 
after Ihe sulphuric acid had been saturated with lend oxide. Oxidizing agents 
other than lead dioxide can be employed. Thus, L. Schneider, L. l)ufty, Red 
droj) and H. Kamago, F. Ibbotson and H. Brearley, H. Kumuge, A. A. Blair, 
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R. S. Weston, F. J. Metzger and L. E. Marrs, F. J. Metzger and R. F. McCracken, 
P. H. M. P. Brinton, W. F. Hillebrand and W. Blum, C. D. Braun, D. J. Pemorest, 
J. R, Cain, G. Bertrand, H. Rubricus, R. A. Gortner and 0. 0. Rost, and 
H. F. U. Little recommended oxidation with sodium bismuthalc or hismuthic acid ; 
and H. K. Walters, H. Marshall, M. R. Schmidt, H. Baubigny, H. Rubricus, 
A. Travers, J. Heslinga, J. Oesch, H. Kunzc, P. Holland. J. J. BoyJc, and 
M. Stanichitch recommended ammonium persulphate. A. Travers studied the 
oxidation of manganous salts to permanganate by ammonium persulphate in 
the presence of silver nitrate: 7AgN0 3 -t-3(NH 4 )2S 2 0 8 +6H2()v^ , )Ag202.AgN03 
-f 3(NH 4 ) 2 804+ 3H280 4 +f)HN0 3 . The silver peroxy nitrate acts as a catalyst. 
Thus if 10 per cent, of acid is previously added to the silver nitrate, the silver 
compound is produced in a black, colloidal form ; the manganous salt upsets the 
equilibrium, which is restored gradually, the liquid appearing wine-red in colour 
owing to the superposition of the violet of the permanganic acid on the black silver 
compound. A further addition of manganous salt again reverses the reaction, 
and the true violet of the permanganic acid is seen, followed by the above changes. 
0. Kuhling used silver peroxide and nitric acid as oxidizing agent. According to 
0. F. Schonbein, soln. of manganese salts in contact with air and phosphorus 
Income columbine-red owing to the formation of jiemianganio acid by oxidation 
by the ozone which is formed : so also is permanganic acid formed if a manganese 
salt and phosphorus be shaken with ozonized air, chlorine- water, or bromine-water. 
H. Trommsdorff discussed the influence of manganic phosphate on the colour. 

According to A. A. Maximoff, sodium and potassium permanganates decompose 
in alkaline soln. somewhat as typified by the equations : 2KMn0 4 -f 2K0H 
=--2K 2 Mn0 4 +H 2 0+I0 2 ; and K 2 Mn0 4 h H 2 0 - Mn0 2 +2K0H + 10 2 . When a 

permanganate is formed by the fusion of an alkali hydroxide with manganese 
dioxide, the presence of ail alkali dioxide assists the reaction. It is supposed that 
even when no dioxide is added, some is formed during the reaction. In these 
circumstances, whereaH caesium, potassium, rubidium, and sodium should form 
the manganatc and permanganate on fusion of their hydroxides w'ith manganese 
dioxide, lithium, which does not form a dioxide, should not undergo the reaction. 
This has been found to lie the case. Lithium permanganate could be formed only 
by the addition of lithium sulphate to barium permanganate. Under the con- 
ditions in which potassium permanganate gave the manganatc in potassium 
hydroxide soln., lithium permanganate in lithium hydroxide soln. does not change, 
except exceedingly slowly, a change which is attributed to the presence of sodium 
in the glass of the containing vessel. Hydrogen dioxide so accelerates the reaction 
that no manganate and only manganese dioxide is formed. The reaction has been 
carried out quantitatively by titrating standard soln. of the permanganates with 
hydrogen dioxide until (i) a green colour is formed and (ii) a grey precipitate 
appears. This has been accomplished for lithium os well as for potassium. The 
results obtained are in accord with the equations : (i) 2M'Mn() 4 ~| H 2 0 2 -f-2M'0H 
- -2M' 2 Mn0 4 f 3H 2 () f 0 2 ; (ii) 2M' 2 Mn() 4 4 2H 2 0 2 -2M' 2 0+2H 2 0 f-2Mn0 2 +20 2 . 

Sodium permanganate in the* presence of sodium dioxide undergoes the change : 
2Na 2 Mn() 4 -f 2Na 2 0 2 44H20— 2Mn(L f 8Nn0H+20 2 , As shown by 0. Dieffen- 
bach, the reaction is reversed in the presence of potassium fcrricyanide. The 
reaction was brought about by adding dry sodium hydroxide to a little water, 
heating the mixture to boiling, and adding dry manganese dioxide. On adding 
sodium dioxide to the mixture, a gas is evolved and sodium manganate is formed. 
The reactions involving the oxidation and reduction of manganese salts are as 
follow : MnOo f 4K0H+0*-- Mn0.,(0K) 2 +K0-0K+2H 2 0 , 2KMn0 4 +K 2 0 2 

--- 2Mn0 2 (()K)., 4 0 2 ; Mn0 2 (0M') 2 + HU GH = 0 2 -f Mn(OH) 2 (OM # ) 2 -- H 2 Mn0 3 
-f-M oO 1'0 2 . 

According to II. Aschoff, if manganese heptoxide be dropped into water it 
gradually dissolves to form a violet soln. The heat developed may decompose 
part of the jiermnngnnic acid- vide supra. J. M. Jjovcn added that decomposition 
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occurs only if the soln. be too concentrated, but soln. with 20 per cent. HMn04 
ran be bo prepared. E. Mitscherlich obtained what he regarded as permanganic 
arid by adding an eq. quantity of dil. sulphuric acid to a soln. of barium per- 
manganate. M. M. i\ Muir allowed the soln. to Rtand a few days, filtered it through 
glass-wool, and concentrated it in vacuo over sulphuric acid. K. Mitscherlirh 
said the soln. decomposes at .TO" 1 40°. H. Aschoff used a similar process. Aceord- 
ing to R. Rusroni, when 30 per cent, sulphuric acid, containing a small proportion 
- say 0-05 percent. — of manganous sulphate, is electrolyzed in a U-shupcd vessel 
using a potential difference of 5 to ti volts, the formation of traces of permanganic 
acid at the anode is observable after a few minutes. If, however, the soln. contains 
also a few drops of sat. silver sulphate soln., the formation of permanganic arid 
at the anode is immediate and rapid. Similar results are obtained if the sulphuric 
acid is replaced by cone, sodium hydrosulphatc soln. The oxidation is probably 
effected through the intermediate formation of a persulphate (q. v.). 

AT. At. 1'. "M i nr obtained better mailts by tliiH process than by treating an eq. amount 
of Miln. of Hiker jvpnnangnnate und hydrochloric acid, liltenng off the silver ehlnridc, and 
evaporuting in vacuo, L. Huneteld reeonmiended deeompoRing tlie biiriuin pcrinangaimto 
with phosphoric* ticid, hut the product is then impure. H. K. Wilson and en-workcra 
obtained barium fx^rmariganate nr inanganate by the action of barinin peroxide on 
Tiiungiuu'Ke dioxide and fused alkali hydroxide Frornlierz recommended panRing carbon 
dioxide into w tiler with barium mangurmte in Hiift]>efiMori, and kept agitated, until the green 
powder becomes brown. The decanted violet vdn., containing j>ermangiinic acid and 
I uii in in Acid permanganate and and carbonate, is boiled for 1 j> mins, to exj;iel the carbon 
dioxide and precipitate baiium rarhonutc*. The small quantity of banum salt still m hoIh. 
is re 1 1 10 1. ed b> adding a few' drops of dil. sulphuric ai id. The soln. is decanted, boiled down 
to < liree-fourt Jis of its Mil., and decanted from the precipitated hydrated manganese dioxide. 
If the soln. is evaporated m vacuo, over sulphuric acid, brown manganese oxide is obtained : 
but if evaporated at a gentle heat, the soln. on i ooling dopoMitu eanninc-red needles w 1 1 li 
Mil per cent, of water. K. M it seller li eh objects that the boiling would decompose 
permanganic ucid, and the product was possibly barium hydropermanganate, bee a List* 
crystals of permanganic and cannot be so obtained. 

L. von Putnokv and B. von Bobcat studied the anodic oxidution of soln. of 
manganous salts in hydrofluoric acid, in the anodic oxidation there is first' formed 
a brown oxidation product, which is manganese trifluoride ; and this then gives 
place to permanganic acid. No manganese tetrafluoride could lie dot eel cd in the 
soln. F. W. Skirrow, and K. Muller and P. Koppo obtained only the brown 
soln, not permanganic acid; and M. <i. Levi and F. Agerm, permanganic acid. 
F. Forster, indeed, said that “ m the presence of hydrofluoric acid, manganous 
sulphate passes only into a manganic salt, because there is a strong inclination 
of the fluoride to form a coni] ilex with tervalent manganese, and this prevents the 
oxidation gumg further." 1,. von Putnokv and B. von Bobcat observed that the 
permanganic ucid can exist in the soln. only when the whole of the manganous 
salt lias been converted into manganic salt, since, according to E. Muller und 
P. Koppo, any pe.miaugunic acid formed is decomposed: HMn0 4 f 4MnF.» -| 7HF 
5MnF;H tJ4 a O. According to L. von Putnoky and B. von Bobest, permanganic 
acid is the primary product of the reaction, and so long as any manganous fluoride 
is present in the soln., it is converted into manganese trifluoride. The trifluoride 
in therefore a secondary product of all the reactions. When the manganous fluoride 
is all destroyed, the permanganic acid remains, and it increases in amount only at 
the cost of the manganese trifluoride. 

H. N. Morse ami ,1. (■. Olson electrolyzed a cone. soln. of potassium perman- 
ganate contained in a porous pot arranged so that the hydrogen formed at the cathode 
cannot reduce the soln., and that the alkali hydroxide also formed at the cathode 
can be removed. M. M. P. Muir said that the acid can be obtained in violet-blue, 
crystalline needles contaminated with manganese oxides. In order to obtain a 
fair proportion of the crystals, it is necessary to allow small quantities of a 
moderately cone. soln. of the acid to evaporate in the air ; if large quantities of the 
soln. are used, The evaporation proceeds so slowly that most of the acid has decom- 
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posed when the evaporation is finished. The evaporation should proceed under 
a beaker, not in a desiccator. 

According to H. N. Morse and J. (\ Olsen, when an aq. soln. of permanganic 
acid is evaporated to dryness over sulphuric acid in vacuo, a shining black solid, 
MnO.2UMn0 2 , is obtained. When an aq. soln. of the acid is kept in an opeji 
vessel, it gradually deposits brown, pa^ty solid matter, 6 to 10Mn().20MnO 2 . The 
aq. soln. of permanganic acid appears dark carmine-red by reflected light, and by 
transmitted light dark violet, or with greater dilution, reddish-blue or carmine-red. 
The spectrum was examined by F. Iloppo-Soyler, G. (\ Stokes, R. T. Simmler, 
J. Muller, etc.— vide supra 0. F. Hchonbein suggested that permanganic acid 
is really a compound of manganese dioxide and hydrogen dioxide or ozone, because 
with reducing agents it behaves like hydrogen dioxide or ozone itself. J. M. Loven, 
and H. N. Morse and J. C*. Olsen obtained concordant results for the electrical 
Conductivity of aq. soln., A mhos, at 20 containing a mol of the acid in v litres : 

v . 2 4 8 10 32 84 128 250 512 1024 

A . 330 354 371 377 385 392 398 403 403 400 1 

The results indicate that the acid is strong and monobasic. K. Franke observed 
that the strength of the acid is about equal to that of nitric acid, but it is unstable 
and easily decomposed, so that his observations show a rapid fall in the con- 
ductivity of the soln. with dilution. J. M. Loven calculated 0*80 for the avidity 
of the acid. 0. M. Bradbury reviewed the evidence in support of the thesis that 
permanganic acid is monobasic. 0. Fromherz found that the acid has just a sweet 
taste, which afterwards appears rough and bitter ; while G Forrli hammer said 
that the taste is pungent and disagreeable. (\ Fromherz found that the acid 
stains the skin brown, but does not redden litmus ; while (J. Forchhammer, ami 
E. Mitscherlich added that the acid destroys the colouring matter of litmus and 
turmeric, at the same time turning them brown owing to the deposition of hydrated 
manganese dioxide. 

0. Saekur, and 0. Sackur and W. Taegener calculated the normal potential 
for the reduction of permanganates to manganese dioxide in alkaline soln : 
Mn()/ + 2H 2 0— MnOo f 40H'-f 3F from the measurements of .1. K II. high* of 
the e m.f. of the cell (Pt) : Mn0 2 ,KMn0 4 H 2 S() 4 : KPJ Ha t BO j n : 0*1 A KP1 . Hg 2 ri., 1 Hg, 
at room temp. They found for normal alkaline soln., [OIP] 1, E\\ 0-51 volt, 

and for soln. of different concentration A'u 0-54 i 0*019 log [ Mu() 4 '] (Mi77 log 
[OH'] volt,. For acid soln., MnO/ \ 4H- Mn0 2 -f 21f 2 <) , 'M*\ E n H>3 volt, lor 
normal acidity, [H']--l, and for other concentrations E ]{ M>3 | <M>19 log 

[MnO/] ( 0-077 Jog [H J volt. From these valuta, and the Jesuits for the potential 
of the reduction from permanganate to manganese monoxide vide xupta it follows 
that for the change Mn() 4 '-| 8H Mn ^F, for normal soln., En 1*52 

volt, and for other concentration!* /?n~=l*52 \ 0-01 2 log [MnO/l 0-012 log 
IMrrh 0*093 log [II | volt. O Sackur also calculated the free energy of the 
passage from permanganate to manganese dioxide. Since tor 4(JVIn(V f 4IP 
-Mn0 2 f 2H 2 0-j 3/ t ), E a -1*63 volt, when the potential for the liberation of 
oxygen is greater than is the case with water, for which 3(21i 2 0-f \F - () 2 -| 4H ), 
A’n- 1-23 volt, then for 4Mn0 4 # \ 4H - 4Mn() 2 ( 2Il 2 0-f 30 2j En- 0*40 volt, ami 
the free energy of the reaction is Q - 12/ , (0-4 4 0*019 log [Mil 0 4 '] \ 0-019 log 
[ H’ | - 0*0145 log po a ) joules. The latent pressure of the oxygen, so to speak, is unity 
when the reacting constituents have unit concentration, andlogpo a - 27-fl-f 1-3 log 
|Mn() 4 ']-f 1*3 log [IP], or p 0g I0 27 C . Similarly, the free energy of the passage 
from permanqannU to a manganous salt is calculated from 4(Mn() 4 ' ] 8H “Mn" 
-f 41L0 | 5F) when /f H 1-52 volt, and 5(2H 2 <H 4F - 0., 1 411 ) lias E u 123 
volt, so that 4Mn(> 4 ' | I2H IMu | tJHnO -| &0 2 , and E H 0-29 volt. Pon- 
sequently, 20^(0-29-1 0-012 log lMn() 4 'j \ 0-012 log [Mn"H 04)35 log [H J ] 0-01 15 

thij) joules, and the latent pressure, of the oxygen is log p Ug 20 [ 0-8 log 
[Mn0 4 J - 0*8 log[Mir'J t 2-4 log [fPJ, no that for unit concentrations 10 s * 4 
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atm. In both cases the tendency for the permanganate to give off oxygen increases 
with increasing acidify of the soln. The oxidizing potentials E\\ normal acid 
soln,, when | H’J 1, given by 0. Sackur, are : Mn0 4 '-»Mn0 4 / ' J 0*6] volt ; 0 2 ->H 2 0, 

1 -23 volt* ; MnOg-^-Mn", 1*35 volts ; A1n0 4 ->Mn" , 1 *f)2 volts ; Mn() 4 '->Mn0 2 , 1*63 
volts ; and Mn0 4 "->Mn0 2 , 2*12 volts. Similarly, for nojrnml alkaline soln., when 
[OH'J—l, they are : 0 2 -»0H\ 0*41 volt ; Mn() 4 "->Mn0 2 , 0*50 volt ; Mn0 4 '->Mn0 2 , 

0- 02 volt ; and Mn0 4 '-»Mn0 4 ", 0-61 volt. The results show that in acidic and 

alkaline soln. manganese dioxide, niaugunatc, and permanganate have a stronger 
latent oxygen pressure than oxygen itself at I atm. press. From the c.m.f. of 
the cell ri 2 | Hn0 4 | HC10 4 ,KMn() 4 1 MnO* at 25", 1>. J. Brown and It. ¥. Teift calcu- 
lated the oxidation potential of Mu() 4 '-| 411‘ t 3'-P— Mn() 2 4 2H 2 0 to be 1-hHO volts. 
Tins value decreases with increasing acid cone. 0. E. If uby obtained Mn0 2 q-40H' 
+2(V— Mn() 4 "+2H 2 0, -0*664 volt; Mii 0 2 +40H' | 3(fj -Mn0 4 / +21I 2 0, -OG47 
volt ; and Mn0 2 -f 2H 2 0 4 3 -rMn0 4 '+4H’, — 1*757 volts. 

According to C. Fronihcrz, the aq. soln. of permanganic acid is decomposed 
when exposed to light and hydrated manganese dioxide is precipitated ; the soln. 
is also decomposed by heat. Thus the decomposition i* partial at 45° and com- 
plete h 1 100 \ The evidence is not all concordant. (\ Fromhcrz reported the 
decomposition to be faster the smaller the concentration of the soln., and a cone, 
soln. may bo boiled for many hours without sensible decomposition. E. Mitschcr- 
licli observed that the soln. slowly decomposes at about 20°, and rapidly at 30° 
to 40 , giving off oxygen and precipitating hvdruted manganese dioxide. The 
decomposition is completed bv boiling. J. M. Lovon said that soln. with 0-5 to 

1- 0 per cent 11Mn(> 4 arc very stable and can be boiled without loss of oxygen; 
and the soln can be concentrated bv boiling or by freezing. II. AsihofT observed 
that when the soln. is evaporated to dryness on a w*ater-lmfh, oxygon and hydrated 
manganese dioxide are produced -vhI( sujna for M. M. 1*. Minis observations. 
P V. Silibnbein observed that t lie presence of finely divided platinum accelerates 
the decomposition of the sobi. to hydrated dioxide, water, and oxygen. G. Furch- 
huinnYer delected what he called an electrical odour — possibly ozone -when the 
soln. is evaporated or exposed to sunlight ; and G. (\ Frye added that when a 
22 per cent. soln. is distilled with sulphuric acid some ozone is given off. 

According to ('. Fromherz, and F. .Junes, hydrogen rapidly reduces a solu. of 
permanganic acid, forming water and hydrated manganese dioxide 1 ' vide infra , 
potassium permanganate, and F. Duran observed that it adsorbs hydrogen, 
and oxygen. II. Aschoff, and 13. (\ Brorlie observed that hydrogen dioxide 
reduces permanganic acid completely at ordiunry temp, and in the presence 
of an excess of acid : 2 UMti 0 4 ( f»II 2 0 2 “2MnO H>H 2 0 | 50 2 ; and, added 
P. TWnard, the decomposition occurs at a low teinp, without the evolution of 
oxygen, and M. Berthelot suggested that at -12° the trioxide, 1I 2 0 3 , is formed 
and it decomposes at a higher temp. A. Gorgcu added that permanganic acid is 
reduced by hydrogen dioxide to a manganous salt not only in the presence of acids, 
but also in the presence of other substances which can dissolve manganous oxide 
-'C.tf. a soln. of ammonium chloride. If free acid be not present, and hydrogen 
dioxide be slowly added to the dil. soln., the reaction can be symbolized : 
Mn 2 0 7 +3H 2 0 2 =2Mn0 ? 4-3H 2 0 4 30 2 , and if more hydrogen dioxide be added, 
the manganese dioxide is itself reduced — vide infra , potassium permanganate. 

C. FromhcTz observed that permanganic acid is not decomposed by chlorine j 
and .T. Brown found that the reaction with hydrochloric acid can be symbolized : 
IlMn0 4 +7H01--MnCl2+4H 2 (H 5C1, but the amount of permanganic acid con- 
sumed is greater than corresponds with this equation unless the liberated chlorine 
be removed. The reaction was also studied w T ith respect to titrations with per- 
manganate in the presence of hydrochloric acid, by .T. Lowentlial and E. Lenssen, 
(5. R. Fresenius, J. Wagner, etc. The effect of manganous salts was examined 
by J. L. C. Zimmermann, of hydrofluoric acid, potassium fluoride, potassium 
sulphate, or sodium sulphate, by II. Rose, and barium chloride, by J. Wagner. 
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The catalytic effects of ferrous, chromium, cadmium, and manganous salts, platinum 
tetrachloride, and auric chloride were discussed by W. Ostwald, and J. Wagner. 
C. W. Hcmpel, and W. Lindner found that potassium bromide does not. decompose 
Iiermangunie arid in neutral soln , but in sulphuric acid soln. the hydrobromic 
acid is decomposed, slowly in the cold, rapidly when heated, and bromine is Not 
free. (V From here found that iodine is oxidized by permanganic acid to iodic 
acid ; a little hydriodic acid is decomposed, forming iodine and hydrated manganous 
oxide, but if much iodide be present, some soluble manganous iodide is formed. 
C* F. Hrhouheiii also noticed that potassium iodide forms some iodate, with the 
separation of iodine and of a brown hydrated manganese oxide. R. Espenrhied 
represented the reaction with a hydrochloric acid soln. of potassium iodide by the 
equation : IIMnC^-} 5KI4 71111- JHnCL h^KCl-e 4H 2 t) +51. C. F. Rammelsberg 
observed that permanganic acid has no action on bromic acid. 

(\ Fromherz said that sulphur is oxidized in a few days to sulphuric acid ; a 
little hydrogen sulphide colours the soln. brown, and a brown hydrated oxide is 
soon deposited, while an excess of hydrogen sulphide forms milk of sulphur, water, 
and sulphuric acid. C. F. Schonbein added that the metal sulphides are oxidized 
to sulphates. (A Fromherz found that sulphur monochlohde separates sulphur 
and forms manganous sulphate ; and sulphurous acid is oxidized to sulphuric arid. 
F. Duran observed that sulphur dioxide ii adsorbed by the salt. L. I\ de St. (idles 
added that some dithionic acid is formed when sulphurous acid acts oil 
permanganic acid, while thiosulphuric acid forms sulphuric and dithionic acids. 
V. Fromherz observed that sulphuric acid does not decompose permanganic acid. 
F. Jones, and B. Brauner observed the evolution of oxygen from soln. of potas- 
sium permanganate and sulphuric acid during oxidation effected by their 
means. F. A. Gooch and E W. Danner found that the decomposition of the per- 
manganate by sulphuric acid increases with the amount of acid present, the time 
of action, and increase of temp. A 20 per cent. soln. of sulphuric acid produces 
no appreciable (‘fleet at ordinary temp, and under exposures of a few hours only. 
In five days, however, a very considerable action takes place at 1 lie ordinary teiftp., 
and heating the mixture of acid and permanganate to 80° for an hour and a half is 
closely comparable in its effect with that brought about by the five days’ action at 
the ordinary temp The change is brought about by a tendency towards reduction 
on the part of the acid. When the acid is not present in proportions greater than 
f>0 per cent, of the mixture, in the early stages of the action the oxygen lost by the 
permanganate is liberated, but later on the decomposition of the permanganate 
results in the precipitation of manganese in the form of a higher oxide, or in the 
retention of the manganese in soln in tin 1 form of a higher sulphate. 

F. Duran found that nitrogen is adsorbed by the salt . According to (\ F. Sohon- 
bein, an excess of ammonia j H oxidized to ammonium nitrite when shaken with 
platinum sponge and permanganic acid ; the reaction proceeds slowly in the cold 
and rapidly when heated. The soln. of permanganic acid is slowly decolorized 
by nitric oxide, and bv hyponitrous add, while C. Fromherz, and L. P. de St. Gilles 
found that nitrous add immediately forms manganous nitrate. F. Duran observed 
that nitrous and mtrir oxides are absorbed by the salt. 0 Fromherz observed 
no reaction with nitric add. ('. Fromherz found that phosphorus is gradually 
oxidized to phosphoric acid by permanganic acid ; and similarly also with phos- 
phine. L. P. de St. Gilles said that hypophosphoious add is not completely 
oxidized to phosphoric acid. T. Salzer found that hypoidioiphoric add is oxidized 
to phosphoric arid (\ Fromherz observed no reaction with phosphoric add. 
H. B. Parsons found that arsine in oxidized by permanganic acid to arsenious 
and arsenic acids’; C. Fromherz, and L. P. de 8t. Gilles, that arsenic trioxide is 
oxidized to the ]tentoxide, while arsenic pentoxide has no action. Permanganic 
acid is slowly decomposed by antimony, forming antimony oxide ; and antimony 
trioxide is converted into the higher oxide. H. Rose observed that antimony 
trichloride reduces permanganic acid ; and C. Fiomherz found that bismuth is 
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slowly oxidised by the permanganate. B. W. Gerland found that vanadyl Balts 
are oxidized to vanadates. 

(\ Fromherz observed that boric add has no action on permanganic acid, 
while recently ignited carbon rapidly decomposes the acid without developing a 
gas. According to J. F. Durand, amorphous carbon as acetylene black, graphite, 
and the diamond is quantitatively oxidized to carbon dioxide when treated in a 
finely divided condition with the green soln. of permanganic anhydride in cone, 
sulphuric acid. The reaction proceeds at ordinary temp, with different degrees of 
vigour in the three cases. F. Duran found that carbon monoxide is adsorbed by 
the salt and likewise also carbon dioxide. C. Fromherz observed that carbon 
dioxide has no chemical action. F. Duran observed that methane, as well as 
ethane, and propane, is adsorbed by the gas ; carbon disulphide forms carbon 
dioxide and sulphuric acid ; potassium ferrocyanide forms ferncyanide ; ethy- 
lene, alcohol, and ether form carbon dioxide and water ; 0. Dnverdorben said 
that acetic acid haH no action, but L. Gmelin found that it acts very slowly, and 
that oxalic add is oxidized to carbon dioxide and water. C\ W. llempel repre- 
sented the reaction in the presence of sulphuric arid at 35° to 40° by : 
2llMn0 4 -l 5H 2 G 2 0 4 ) 2H 2 S0 4 ---2MnS0 4 \ 10C0 2 +8H 2 0. The influence of time, 
and the concent! ut ions of the sulphuric acid, manganous sulphate, oxalic acid, and 
potassium permanganate were studied by A. V. Harcourt, A. V. Harcourt and 
\V. Esson, A. Skrubal, R. Ehrenfeld, It. Luther, and N. Schiloif- r\dc supra , 
manganese dioxide. C. Fromherz observed that tartaric add reduces per- 
manganic acid, forming a manganous salt ; similarly with formic add, a reaction 
studied by N. Schiloff, and J. Holluta A. Skrabal and J. Preiss found that the 
oxidation of formic acid occurs in stages as in the case of oxalic acid. There is 
an induction period. T) Vorlander and co-workers observed that in neutral or 
alkaline soln. most amines are oxidized bv permanganates, but in acidic soln. the 
oxidation is accelerated. Acyl derivatives are comparatively stable in alkaline 
soln , but are more easily oxidized than the amines in acidic soln. Some organic 
substances- -c.#. sugar, gum, wood, fibre, and paper— form carbon dioxide; other 
substances decompose the acid without evolving gas, but precipitating a brown 
manganese oxide e.r/. stcanc and oleic acids, morphine, urea, the colouring matter 
of blood, gelatin, albumin, fibrin, indigo sulphate, and infusions of galls, saffron, 
logwood, madder, columbine, rhubarb, quassia, aloes, and Peruvian bark. 

t\ Fromherz observed that tin has no action on permanganic acid, but zinc 
and iron decompose the acid in a few days, while copper, silver, mercury, and lead 
decompose the acid in about four weeks. The metal is at the same time oxidized. 
C‘. F. Schonbcin found that the action is rapid with finely-divided silver, and 
platinum. The action of permanganate on cerous salts is represented by the 
equation: 3Ce 2 0 3 -|-2KMn0 4 -f H 2 0=f>( V0 2 f 2KOH+2MnO z . The reaction is 
complete in the presence of mercuric or zinc oxides. The reaction has been utilized 
in the volumetric determination of cerium, and in separating cerium from lanthanum 
and didyiniiim by F. M. Stapff. 0. W. Gibbs, (*. A. Winkler, F. Ntolba, W. Muth- 
maim and co-workers, (\ James, G. P. Drossbacli, 1\ K. Browning, R. J. Meyer 
and A. Schweitzer, (\ R. Bohm, E. J. Roberts, L. Stutzel, M. Esposito, C. von 
Scheele, and t\ Fromherz observed that the acid is decomposed by cuprous, mercuric, 
stannous, manganous, chromic, lead, and ferrous oxides or hydroxides and usually 
a higher oxide is formed. H. N. Morse represented the reaction with lead dioxide 
and an acidified soln. of permanganic acid by the equation : 2HMn0 4 +3Pb02 
- H 2 0+2Mn0 2 +3Pb0+30 2 - H. N. Morse and co-workers, from their study of 
the reduction of permanganic acid by manganese dioxide, inferred : (i) Per- 
manganic acid and potassium permanganate are reduced by precipitated manganese 
dioxide with the liberation of three-fiftlis of the active oxygen of the permanganic 
acid; (ii) the oxide produced by the complete reduction of a neutral soln. of 
potassium permanganate contains all the potassium of the original salt, and the 
supernatant liquid is therefore neutral ; and (iii) whether the precipitated man- 
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gancsc oxide is formed by the slow decomposition of a neutral hoIii. of potassium 
permanganate or by the addition of manganese sulphate to an acidified soln. of 
permanganate, the ratio of oxygen to manganese in it remains normal that is, 
2 : 1 -only so long hs unreduced permanganate or permanganic 1 , acid is present, 
otherwise the oxide loses oxygen, even at the ordinary temp. In the presence of 
permanganate, the lost oxygen is restored. Many oxidizable salts decolorize per- 
manganic acid, forming manganous salts. F. Margueritte, for instance, observed 
this to occur with ferrous salts ; and II. Rose, with mercurous nitrate, stannous 
chloride, cuprous chloride, and nranous salts. I. Mncagno observed that molybdic 
salts are oxidized to molybdates. 
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§ 15. The Permanganates 

The general preparation of the permanganates is discussed in the preceding 
•section m connection with permanganic acid. E. Mitschcrlich J prepared am- 
monium permanganate, Ni^MnO^, by treating silver permanganate with an eq. 
quantity of a soln. of ammonium chloride, filtering the liquid, and evaporating it 
tor crystallization. 11. AschofT employed a similar process, and R. Boltger treated 
cq- proportions of barium ]>erinanganale and ammonium sulphate 111 a similar 
manner. O. T. Christensen modified a process also employed by li. Bolt.ger in 
which 160 grins, of potassium permanganate were dissolved in 3 litres of water at 
70° 80 u , and a large excess (440 grins.) of ammonium chloride added ; the soln. was 
evaporated to about 1000 c.c., decanted from the precipitated manganese* oxide, 
and allowed to stand for 24 hrs. The crystals contained a little potassium salt even 
after two recrystallizations from water at 70°. E. Moles and M. Orespi treated 
soln, of 16 grnis. of potassium permanganate in 3(X) c.c. of wilier at 70 with 44 grim, 
of ammonium chloride in 300 c.c, of water, concentrated the soln to 200 c.c., 
and cooled it to 0°. G. Rapin used an elec truly tic process. 

The rhombic bipyramidal crystals were found by E. Mitscherhch to be iso* 
morphous with the potassium salt, and to have the axial ratios a : b : c 
—0-8141 : 1 ; 131201 ; W. Muthmann gave 0-8164 : 1 : 1-3168. The (1 lOJ-cleavage 
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is distinct. F. Rinnc studied the crystals. T. V. Barker calculated the topic 
axial ratio to bo ^ : 0 :tu— 3*9768 : 4*8711 : 6*4113. E. Moles and M. Crespi gave 
2*29 for the sp. gr. ; W. Muthmann gave 2*2076 for the sp. gr. and 62*126 for the 
mol. vol. I. T. Saslawsky gave 2*29 for the sp. gr. and calculated the contraction 
which occurs in the formation of the salt from its elements. When the salt is 
allowed to stand in a sealed tube exposed to diffuse daylight, it slowly decomposes, 
forming nitrogen oxides, ammonium nitrate, and a manganese oxide with a com- 
position Mn0.22Mn0 2 .wH 2 0. W. Muthmann found that the dry salt is explosive ; 
it sometimes detonates when rubbed in a mortar, developing a cloud of manganese 
dioxide and a smell of ozone. E. Moles and M. Crespi found that the salt explodes 
at 60°, O. T. Christensen also observed that when the salt is heated to 58 5 or 60° 
it explodes in a few hours, forming nitrogen oxides and a manganosic oxide ; if first 
heated slowly to between 42° and 46°, and lateT to 50°, the decomposition occupies 
some days. H. Aschoff found that 100 parts of water dissolve 7-936 parts of the salt 
at 15°. E Mitscherlich found that in the absence of an excess of ammonia, the 
aq. soln. can be evaporated without decomposition ; but the salt easily decomposes 
when heated. W. Muthmann observed that the aq. soln. decomposes when boiled, 
giving off nitrogen, and forming hydrated manganese dioxide. 0. T. Christensen 
observed that when the aq. soln. is boiled, it furnishes the same products as when 
the dry salt is heated, and in addition some nitrogen ; and when the soln. is heated 
with ammonia, the decomposition products are nitrogen, ammonium nitrite, a 
little ammonium nitrate, and a hydrated oxide, Mn0.22Mn0 2 .28H 2 0, with 
some adsorbed ammonia. For the unit tetragonal cell of tetramethylammonium 
permanganate, (CH 3 ) 4 NMn0 4 , K. Herrmann and W. llge gave a-- 8*439 A., 
c=6*019 A. 

E. Mitscherlich prepared lithium permanganate, L,iMn() 4 .3H 2 (), from the soln 
obtained by mixing soln. of silver permanganate and lithium chloride. 
A. A. Maximoff obtained the lithium salt by the action of lithium sulphate on barium 
permanganate — mde supra, permanganic acid ; and E. Moles and M Crespi, by 
mixing a soln. of 30-8 grins, of lithium perchlorate in 300 c.c. of water, and 30-5 
grins, of potassium permanganate in 300 c.c. of water. The filtrate from the pre- 
cipitated potassium perchlorate finally deposits lithium permanganate. The sp. 
gr. of the salt is 2*06, and it begins to decompose when heated to 190°, wilh the 
evolution of oxygen. They found A"=5*10 for the velocity of decomposition - 
vide tnfra , potassium permanganate. I. I. Saslawsky discussed the contraction 
which occurs in the formation of the salt from its elements. Its sp. gr. is 2*6. 
E. Mitscherlu h said that the crystals are stable in air. H. Aschoff found that 
100 parts of water at J6 r dissolve 71-43 parts of the salt. E. Fiankc found the 
electrical conductivity. A, of the aq soln. with an eq. of the salt in a litres at 
25° to be : 

r . 32 G4 128 25G 512 1024 

X . . 81 79 84-03 88-22 90-49 92 81 95 19 

When heated with an excess of lithium hydroxide, H. Aschoff found that the salt 
forms a mangauate. A. A. Maximoff studied its deoxidation in alkaline soln. 

i\ F. Chevillot and W.F. Edwards observed that sodium permanganate, NaMn0 4 . 
3JfoO, is formed when sodium mangauate is dissolved in water ; and H, Aschoff, 
that the salt is produced when silver permanganate is decomposed by a soln. of 
sodium chloride, the clear soln. evaporated over sulphuric acid, and the crystals 
dried on porous tiles. E. Moles and M. Crespi used a similar process. C. M. Tossic 
du Motay prepared a soln. of the salt by treating a soln. of sodium mangauate 
with magnesium sulphate, in accord with the equation : 3Na 2 Mn0 4 +2MgS0 4 
+ 2H 2 0 = 2Mg(OH) 2 + Mn0 2 + 2Na2S0 4 + 2NaMn0 4 . E. Kostermann and co- 
workers studied solid soln. with potassium perchlorate. E. Moles and M. Crespi 
said that the crystals of the monohydrate are hygroscopic. According to 
E. Sobering, the commercial salt is really the potassium salt associated with 
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Home of the sodium salt. The preparation of the salt was also described by 
J. Bendix, and E. Desclabissac. For electrolytic processes, vide infra, potassium 
permanganate. F. M. Raoult represented the composition oft he salt by NaMn0 4 . 
3H 2 0. I. I. Saslawsky discussed the contraction which occurs in the formation 
of the salt from its elements. Its ap. gr. is 2-47. P. F. Chevillot and W. F. Edwards 
observed that the crystals of the trihydrntc are very deliquescent ; E. Moles and 
M. Crespi found that the sp. gr. is 2-46, und that the salt decomposes with the 
evolution of oxygen at 170°. They found A'— (Mil to 0-212 for Ihe velocity of 
decomposition — vide infra , potassium permanganate. E. Franke found the cq. 
electrical conductivity, A, of an u<j. soln. with an oq. of the salt m v litres of 
water at 25 J to be : 

v . (»4 128 2r»(i .'ll 2 1024 

A . 1011-3 100 4 110 0 112 0 112 7 

H. Aschoff observed that when sodium permanganate is boiled with a soln. of sodium 
hydroxide, some oxygen is evolved and a soln. of sodium manganate remains. 
A. A. Maximoff studied its deoxidation in alkaline soln. G. Gore, and E. C. Franklin 
and (\ A. Kraus said that the salt is freely soluble in liquid ammonia. 

P. F Chevillot and W. F Edwards prepared potassium permanganate, KMn() 4 , 
by igniting a mixture of 1 part of manganese dioxide with l part of potassium 
hydroxide or 1*5 parts of potassium nitrate, dissolving the cold product in water, 
and evaporating the decanted red soln. for crystallization. Any manganate 
formed in the roasting process is converted into permanganate by hydrolysis : 
SKjjMnOi-I^HgO — MnOo-j lKOU-f 2KMn0 4 . In place of potassium nitrate, 
mixtures of potassium hydroxide and chloral c were recommended by G. Forch- 
humraer, W. Gregory, F. Wohler, It. Buttger, N. Griiger, and J. C. Sticht. In 
A. Bechamp’s proeess 10 parts of manganese dioxide are mixed with 12 parts of 
potassium hydroxide, and water to make a pasty mass, and dried. The mixture 
is heated to dull redness in oxygen. The cold mass is extracted with water, and a 
current of carbon dioxide is passed into the soln. to convert any manganate into 
permanganate : 3K 2 Mn0 4 l-2C(V-- 2K 2 C0 3 d Mi\ 0 2 f2KMn0 4 . The soln. is then 
evaporated for crystallization. The process was also used by G. Forchhaiiimcr, 
.1. Brock and F. Hurtcr, and G. Stadelcr. T. J. Pearsall observed that potassium 
permanganate is formed when a manganese salt is treated with chlorine und potasli- 
lye ; and G. Stiidclcr converted manganate into permanganate by treating the 
soln. with chlorine: 2K 2 Mn0 4 j Cl 2 ~2K( , ld-2KMn0 4 . L. E. Rivot and co- 
workers found that when manganese dioxide is suspended in alkali-lye at 40' to 50 J 
and treated with chlorine, permanganate is formed. The process was examined 
by It. Bottger, W. Reinige, J. MacMullen, It. Phillip, E. Turner, It. .1. Kane, 
J. B. van Mons, R. B. Stringfield, F. KrauRc, and W. Foster. 

R. Wagner, and J. Heslinga used bromine in place of chlorine 1o convert the 
manganate into permanganate ; *F. Bayer used ozone : 2K 2 Mn0 4 [ 0 ; , | II 2 U 
2KMn0 4 4 2K0H-l-0 2 . When a spin, of a munganous salt is treated with 
sodium hypochlorite, hydrated manganese dioxide is precipitated (r/.v.), and on 
prolonged boiling, a small proportion of sodium manganate or permanganate is 
formed. M. Duyk showed that if the reaction occurs in the presence of copper 
salts, the copper is precipitated and permanganate is the main product. B. E. Dixon 
and J. L. White found that a small amount of sodium permanganate* is formed 
even when special precautions are taken to purify both the manganese salt and the 
sodium hypochlorite, so the manganese dioxide itself appears to be capable of 
catalyzing the reaction. When present in quantities roughly equivalent to that of 
the manganese salt, the salts of several metals, notably copper, cobalt, nickel, and 
molybdenum (as molybdate), possess the pro|>erty of greatly increasing the amount 
of permanganate formed in this reaction. In the presence of a copper salt the 
maximum amount of permanganate is formed at the end of 3 mins/ boiling, and 
when one-third of the total oxygen has evolved. The alkalinity or UH'-ion cone, of 
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the soln. is a critical factor in the case of copper, but is comparatively unimportant 
in the case of cobalt, though large cone, of alkali hinder permanganate formation. 
Moderate amounts of manganese salts can bo completely oxidized to permanganate 
in the presence of copper, independently of the amount of manganese present. 
When cobalt is used, however, the proportion of permanganate formed decreases 
in a regular manner with increasing amounts of manganese The form and the 
mode of action of the precipitates of cobalt and copper differ in several respects. 
That of cobalt is flocculent, finely divided, and difficult to filter, and promotes 
copious evolution of oxygen from the hypochlorite throughout the reaction. The 
copper precipitate, at first flocculent, soon passes into a dense black residue, easily 
separated, and becomes considerably less active as regards hypochlorite decom- 
position after the formation of tlie permanganate has taken place. The cobalt, 
when used in the form of the double sodium carbonate, cannot bo completely 
separated from the soln. by boiling, as is the case with moderate quantities of copper. 

B. E. Dixon and J. L. White explain the main reaction as follows : the first effect 
of the hypochlorite is to form cupper peroxide and hydrated manganese dioxide. 
The oxidation of manganese dioxide to permanganate, which can proceed in the 
presence of manganese alone, is greatly accelerated by the copper pel oxide, which 
gives up its active oxygen, possibly through the intermediate formation of an 
unstable compound of copjier and manganese, and is reconverted to the cupric form. 
At this stage much of the hypochlorite has been decomposed, and the hydroxyl-ion 
concentration, due to the alkali which is necessarily present in the hypochlorite 
soln., becomes an important factor. The excess of hydroxyl ions has an inhibiuve 
effect on the formation of fresh copper peroxide, and Ihe mam reaction is arrested. 
If, however, the carbonate- bicarbon ate mixture is used, (i) its buffer action 
renders the influence of the alkali negligible, and (li) owing to the delayed pre- 
cipitation of the copper, much of the earlier part of the reaction take* place in tlie 
liquid phase, and the oxidation of the manganese proceeds to completion. 

C. M. Tessio du Motay treated the cuke of manganate from the furnace vide supia, 

the extraction of manganese — w ith a cone. soln. of magnesium sulphate : 3K 2 Mn0 4 
■-(- 2 MgS 04 - 2KMii 0 4 -fMu0 2 -| 2K 2 S0 4 ■} 2MgO. (\ Huggenberg recommended boil- 
ing barium manganate with a soln. of potassium carbonate while carbon dioxide 
is passing through the soln. The potassium permanganate passes into soln., and 
the precipitate of hydrated manganese dioxide and barium carbonate is treated 
with steam and the product used for making more barium manganate. The 
manufacture of permanganate on an industrial scale was discussed by E. Sehiitz, 
J. C. Sticht, M. I Belotzerkowsky, E. Desclahissac, R. B. Stringfield, E (Jeay, and 
J. Bendix. O. Dieflenbach observed that alkali mauganates can be made by the 
action of permanganates on manganese dioxide or other manganese oxides suspended 
in a hot, cone, alkaline soln. which is kept agitated. The permanganate is pro- 
duced in the soln. itself as wanted by the electrolytic or chemical oxidation of the 
ready-formed manganate. Other oxidizing agents cun be used to start the process. 
The process can be symbolized : 2KMn0 4 | Mti0 2 \ 4K0H- 3K 2 Mn0 4 | 2H a O, and 
()K 2 Mn0 4 f 3H 2 0-}-30- f>KMn0 4 [ fiKOH , or, if the two equations are summed : 
Mn0 2 j K Oil- 1 HO -KMn0 4 The first ot these three equations is 

reversible, but equilibrium bul slowly attained. O. Sackur and W. Taegencr 
calculated from observations on the potential that the equilibrium constant for 
[K 2 Mn0 4 pA r = LKMn0 4 ] 2 [0H'J 4 is K 1T»<10 4 ; aud the equilibrium con- 
centrations in equilibrium witli u mol of KMn0 4 per litre- iWc supra, 
mauganates -are : 

OH 7 (A) . . . 0-lA-k a MnO 4 O 01 AVK jMiiO, <MJ01JV-K a MnO 4 

h> . o-ooni o-oooo n 00000004 

0-1 .... 0-04 00013 0*00004 

001 . . . .4 013 0004 

0 00000001 (neutral) . 4xl0 ,w 13 lu» t A lo 7 

The permanganate cun be obtained bj an electrolytic process vide supra , 
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permanganic acid. Thus, H. N, Warren electrolyzed alkali-lye, using ferroman- 
ganese as anode and a graphite plate as cathode. R. Lorenz obtained a soln. of 
potassium permanganate by passing a current of l-r> volts potential between an 
anode of commercial manganese or ferromanganese and a cathode of porous copper 
oxide dipping in a soln. of potash-lye. Ferric oxide collects as anode slime. Soln. 
of potassium manganate can be converted into permanganate by electrolytic 
oxidation, with or without a diaphragm. A. N. Campbell studied the electrolytic 
oxidation of manganous salts to permanganates. He found that with a soln. of 
0-7767 grm. of manganese as sulphate and 191 grms. of sulphuric acid per litre, the 
optimum conditions are at 0° and a current density of 1-7 amp. per sq. dm., and 
that chlorides and nitrates should be absent. Evidence of the formation of the 
disulphate was also obtained, Electrolytic processes were described by K. Elba, 

F. W. Bkirrow, O. T. Christensen, Salzbergwerk neu Stassfurt, G. Rapin, 

G. J. A. Griner, R. E. Wilson and co-workers, 0. O. Henke and O. W. Brown, 
J- Roudnick, i\ Askenasy and S. Klonowsky, F. Weckbach, F Krause, A. Manassc, 
K. Brand and J. E. Ramsbottom, G. Grube and H. Metzger, M. do K. Thomp- 
son, A. N. Campbell, L. de Putnokv, L. tie Putnoky and B. de Bobest, 
A. J. Hale, II. C Jenkins and II. Woollier, R. Lorenz, W. J Muller, G. R. White, 
and F. Dcisslcr rule supra, manganese, and manganates. P. Askenasy and 
S. Klonowsky found that with iron electrodes, without diaphragm, a soln. of 
80 90 grins, of potassium manganate per litre at 60 , a cathodic current 
density of about 0*8 amp per sq. cm., and an anodic cuirent density 6-8 
times smaller, that cathodic reduction is not important, and that potassium 
permanganate soon crystallize^ out Aboul 60 per cent, of the manganate is 
oxidized when the theoretical quantity of electricity for complete oxidation lias 
passed through the soln , the loss of efficiency is due largely to the escape of free 
oxygen. About 75 per cent of t he manganate can be converted, and further 
oxidation is balanced by cathodic reduct inn. Platinum electrodes and a diaphragm 
give rather better yields, but the voltage must be doubled or tripled. More dilute 
or colder soln. decrease the yield. According to K Brand and J. E Ramsbottom, 
the yield of permangauate is increased by stirring the anodic liquor, and it decreases 
with an increase of the anodic current density. The yield is nnn h greater with a 
nickel anode than with an iron anode, indicating that the oxygen primarily formed 
on the nickel oxidizes faster than when formed on iron. 

Analyses of potassium permanganate w'ere made by E. Mitsclierlich, II. Aschoff, 
A. Gorgcu, and M. V. Machuca. The results agree with the empirical formula 
KMn0 4 . The hypothesis of T. L. Phipson, and A. Terreil that the salt is either 
K 2 MnQ 7 or KHMn() 4 was contradicted by M. V. Machuca, C. M. Bradbury, and 
E. J. Maumen£. F. M. Raoult showed that the formula KlIMnO* cannot be right, 
because the salt contains no combined water. The subject was discussed by 
J. Personne, J. Personne and M. 1’Hermite, E. Erlenmeyer and ft. Lowinstein, 
G. M. Bradbury, ft. Bredig, E. Franke, and J. M. Crofts. H. E. Armstrong 
and It, T. Colgate regarded the acid as a per-acul of the type MnO» O.OH ; and 
R. T. Colgate represented it by the formula : 

KO.O.Mn.O.O : O.O.Mn.O.OK 

KO.O.Mn.O.O: O.O.Mn.O.OK 

P- Niggli, and A. M. Taylor discussed the electronic structure. According to 
P- F. Chevillot and W. F. Edwards, potassium permanganate crystallizes in dark 
purple needles having at first a aweet taste, and afterwards a rough one. The salt 
is stable in air, and does not redden litmus or turn. eric. According to G Foster 
and G. Brude, the crystals of potassium permanganate prepared in the dark and in 
air free from carbon dioxide and organic matter arc brown and have a bronze, 
metallic lustre. The finely-powdered crystals, how r evcr, show’ a dark violet colour. 
When exposed to subdued daylight and ordinary air, the surfaces of the crystals 
develop a violet colour in a few hours, and a steel-blue lustre after tw r o days. This 
vol. xn. x 
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change is confined to the surface layer, which acts as a protective layer to the 
remainder of the crystal. The change is particularly rapid in an atm. containing 
mineral acid. The crystals of potassium j>ermanganatc should la* described as 
kipyraiuidal rhombs rather than as prisms. J. W. Retgers said that thin micro- 
scopic crystals appear red by transmitted light. E. Mitschcrlich pointed out that 
the crystals are ismorphous w ith those of potassium perchlorate. W. Muthrnann 
gave for the axial ratios of the rhombic bipyramids a : b : c '0*7072 : 1 : 1*2982. 
The (001)- aud (1 10)-cleavages are perfect. T. V. Barker gave for the topic axial 
parameters ^ : 0 : oj=- 3*856 : 4*836 : 6-27K. The crystals are pleochroic. The 
crystals were examined by 0. F. Rnmmclsberg, 11. Mark and co-workers, and 
F. Groth. H. E. Buckley studied the habit of the crystals grown in different 
media. W. Basclic found that the X-radiogram of potassium permanganate 
corresponded with a rhombic lattice having a -9*10 A., 6-5*69 A., and c- 7*10 A., 
and 4 mols. per unit cell. The calculated axial ratios arc 1*60:1: 1*30. 
R. V. L. Mooney gave for the rhombic crystals a- 9*08 A., 6—5*72 A., and c - 7-41 
A . and (*aeh unit cell has four molecules W, Bi ssem and K Herrmann studied 
the subject. 

The possibility of forming isomorphous mixtures with barium sulphate was dis- 
cussed by AY. Geilinann and E. WimnenbeTK. E W ilke-Dorfurt and K. Ffan, 

I). BalarctI and co-workers, 
G. Wagner, V. Chlopin and 
B. Nikiton, and H. Grimm 
and (J. Wagner. G AVugner 
studied the X -radiograms 
of the mixed crystals , and 
1']. Ko^ternuinn and co- 
woikers, the solid soln. 
with potassium borofluo- 
nde. KBF 4 . if. Zambonim 
discussed the isomorphism 
of potassium permanga- 
nate and fluoborate. (\ M. 
Bradbury observed no iso- 
moqdious mixtures are 
formed with sodium or 
silver permanganate, but the crystals are isomoiphous with those of potassium 
perchlorate, and, added J. W. Helpers with those nf potassium periodate, K10 4 
K. Sominerfeld said that the isomorphous solid soln of potassium permanganate 
and perchlorale are formed without a peiecptiblc use of temp F. Rinne, and 
AY. Muthmnnn and O. Ivuntze found that a series of isomorphous mixtures is 
formed. Soln. containing Cj and (A* milbnioh respectively of potassium perman- 
gunate and perchlorate per litre at 7 furnish mixed crystals with the following 
tnol. percentage proport iou of the permanganate (Fig. 53) : 

I, . ail 37-% liT 726 JOh-U 1 r.H J7 20 J 35 233-75 258*14 

* 2 34 478 42*746 37 95 31-15 2 1 27 28 20 14-22 

KJVInO, 2-838 0-778 19 270 40-120 HI 100 04 372 OH 4h 

Simibu results were obtained with potassium and rubidium permanganates, with 
the same designations for the letters as before, but with ('% standing for rubidium 
permanganate (Fig. 54) : 

<i . 27*038 70-04H 120 2o 171*06 204 07 207-30 225*12 

.* 22*091 18*178 31-20 41-00 45-30 41-40 25 09 

KAfnl > 4 . 3-408 13-740 34-293 74-073 99 400 09 303 99-324 

A. Fock coin luded that tw/o series of isomorphous mixtures between potassium 
perchlorate and permanganate and potassium aud rubidium permanganates are 
continuous, and, from an application of the paTtjtion-law, that the molecules of the 



Kn.s. 53 and 54. — Relations between the Composition of 
Solutions anil Jsomorphnuh Mixtures tor tin* ro*.]»oi'ti\ e 
Systems- KMn0 4 KC'IO,, and KMn() 4 RbMnt),, al 7 
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salts in question liave twice as great a mol. wt. in the Bolid state as they have in 
soln. The isomorphous mixtures of potassium permanganate with rubidium perman- 
ganate and with potassium perchlorate were studied by G. Tanimann and A. Swory- 
kin. T. V. Barker found that the axial ratios of the isomorphous mixtures of 
potassium permanganate and perchlorate, a : b : c~ b unity — vary as follows : 


KMjiOj 

0*0 

1-5 

;h 

51*8 

95-4 per cont. 

a 

0*7814 

0*7817 

0-7822 

0*78975 

0-7969 

v 

. 1*2807 

1*2817 

1*2815 

1*2907 

1-2985 


(j. Tammann and A. Sworykin discussed the protection of one salt by another in 
the ease of a solid soln. of potassium permanganate and perchlorate in a soln. of 
peirhlorato. H. E. Buckley studied the effect of permanganates on the crystal- 
lization of sodium chlorate. 

H. Kopp found the specific gravity of potassium permanganate to be 2-701) 
to 2-710 , and W. Mutlimann, 2-7032. F. Flbttnumn found that soln. sat at 15°, 
20 . and 25° hud the respective sp. gr. 1-0342, 1-0391, and 1*0469. W. Mutlimann 
gave 5tv52G for the molecular volume. The subject was discussed by F. A. Hcng- 
Jein, and A F Hallimond. A. li. Schulze gave for the specific volume of aq. soln. : 

r>“ 10° 15° 20° 25° 30° 

Ol.V-KMiiOi 0*99996 1*00029 J -00096 1*00189 1-00308 1*00453 

0 01 A KMn0 4 O 99991 1 OOOIK 100078 1-00171 1 00248 1 00427 

A. M. Patterson gave 1-035 for the sp. gr. of a sat. soln. at 15°. H. Scntis found 
that the surface tension of a 2-93 per cent. soln. at 15-4° iB 73-84 dynes per cm., 
and the specific cohesion, n 2 - 14-79 per sq. mm. Z. Stary studied the effect of an 
electric field on the capillary rise. E Ullmami, and I. I). (Idtz and (J. 1\ Pamtil 
studied the velocity of diffusion of the salt, ; and K. XUlmann found the diffusion 
toeff to be 1 5-2 > 10 n N P. Pcskoff studied the diffusion of adsorbed per- 
manganate from a ferric oxide livdrosol to a soln. of urea. He called the pheno- 
menon hmojihoiu s/.s. P. Henry observed no evidence of diffusion with isomorphous 
( ivst.ik of potassium perchlorate and permanganate after being heated for several 
days I. J. Saslawsky guve 2-71 for the sp. gr., and he calculated the contraction 
which occurs in forming the salt from its elements. J. N. RnWhit studied the 
rout i ae turn which occurs when the salt is dissolved in water, li. Kopp gave 
0-179 for the specific he&t of the solid, JI. Aschoff observed that the crystals 
deciepitate when heated to 100" owing to included water. P. F. Chevillot and 
\X . F. Edwards studied the action of heat and found that 10-8 per cent, of oxygen 
is given off at a temp, exceeding 200 , and a. black mixture of polassium inanganate 
and manganese dioxide remains. P. Thcnurd said that the ie.net ion 2KMn(> 4 
Mii 0 2 | K 2 Mn() 4 | (k occurs at 210', ami when the residue is moistened with 
water, souu* oxygon is evolved. If the salt be more -drongly heated, 15-3 per cent 
of oxygen is given off, in accord with the equation 2 KMii() 4 30 (-K 2 0.2Mn0> i i. 
P- Askenasy and A. Solberg found that Cl. Rousseau's statement that no nun- 
ganate is formed at 240° is wrong even were the temp. 500“. P. Askenasy and 
A. Solberg showed that the evolution of oxygen from potassium poimanganatc 
begins to be appreciable at about 215°. When decomposition has commenced, 
oxygen continues to be evolved quite rearlilv, o\en when the temp, is i educed to 
below 200 J . The results agree wit li (1. Rndorfs equation, Imt from the dissona- 
tmn j it ess. curve of manganese dioxide obtained by P. Askcnasy and 8. Klunowskj , 
l<ip in, it is improbable that the residue contains tree manganese dioxide. The 
diwiciation press, of the residue was found to be 50 mm. at 505 ; 129 mm. at 
'M 1 , 391 mm. at 594° ; and 400 mm. at 600 r . From a comparison of the. dissocia- 
tion press, curves of manganese dioxide mid potassium nianganate, and of the* 
residue resulting from the thermal decomposition of potassium permanganate, 
it is inferred that the decomposition should be represented by the equation : 
1 uKMu 0 4 - 2K 2 MnO a (-[SK^MnO^ 5JVln0 2 1 f 60 z> which ugrees with the chlorine 
value of the residue. The revoTsibility of the reaction in which oxygen is evoked 
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jHh-i-Hfi 

3£Mm 

M* / 50° 200° 


by the heated residue suggests that the entire residue or the bracketed constituents 
represent a chemical compound. It may be, however, that the manganate and the 
dioxide form a solid soln. in which the mangamte is dissolved. W Hernpel and 
C Schubert, and C\ Schubert said that the decomposition begins at 160 ’ ; and that 
the composition of the residue at 185° is K 2 Mn 2 0(i ; at 570°, K 2 Mn 2 O fi ; and at 
14(Xl°, KpMn 8 0 u Til Moles and M. Crespi found that the first sign of the decom- 
position of the dry salt occur* at 2(X)°, and the pressures iccorded below this temp 
are due to water or to < arboimtes. Decomposition is complete at 240°, and the oxygen 
press, of the residue up to 485 1 cm respond with those of manganese dioxide 

Fig. 55 shows the dissociation curves of a sample 
of permanganate contaminated with carbon di- 
oxide and water (dotted line), and of a sample of 
purified pei manganate (continuous line) Potas- 
sium oxide is not a product of the decom- 
position, so that (!. Rudorf’s equation : 10KMnO t 
-.'lK 2 Mn0 4 \ 7Mn0 2 4 2K«()-t fiOj is not right, 
rather is a permangamte formed * 10KMn0 4 

- 2K 2 Mn(>4 t 5K 2 Mn(> 3 + nMn0 2 + 1.30 E Moles 
and M Crespi concluded that the decomposition 
of the permanganates involves two reactions, 
which are autoeatalytic, and they may be repic 
sented by the equation dxjdi (ij-f k^x/a){a - r), 
or (1,0 log [o/(a- /)}-{ (1/0 log (1 jkx)~ Constant, 
where k=-k\ z /k 1 For potassium permanganate, 
1-0-881. The two reactions involve a simple 
decomposition, and an autoeatalytic decomposi- 
tion which is negligible at first, but afterwards passes through a maximum value 
The different velocity constants of decomposition for a number of permanganates 
are related with the heats of foimation of the concsponding oxides. V N Hinshel 
wood and E J. Bowen measured the rate of decomposition of potassium per- 
manganate at 217 1 and 240 5 , of solid soln of potassium permanganate and pei 
chlorate at 239° ; and of potassium permanganate and manganese dioxide at 


t?5\ 


/SO 
% ,2S 
$ too 

75 


Fig. 55. — Dissociation Pressures 
of Potassium Permanganate 



Fig. 5*i. - The Thermal Decomposition of Fit. 57 Effect of Admixed Oxides on 
Crystals and Powdered Potassium Per- tho Thermal Decomposition of Potas- 
manganate. mum Permanganate. 


220*5°. The decomposition appears to be confined to those molecules in the 
neighbourhood of the surface, and in the region where a progressive disintegration 
of the crystal structure takes place the change is strongly accelerated Soln. in 
another solid causes a reduction in the rate of reaction The results show' that the 
molecules in the interior are lindei some kind of restraint ; this may be connected 
with the fart that m the intejior the molecules are bound by valency forces on all 
sides, or it maj be reiened to the internal pressure S Rogmsky and E. Schulz 
also studied the thermal decomposition of potassium permanganate powdered and 
crystallized, and some results are illustrated by Fig. 56. There is a period of 
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induction and of autocatalysis for which the equation dx/dt~kT(a—x) for many 
reactions in liquid system is nut applicable. Surface again plays an important 
pari. 11 was found that the decomposition is strongly accelerated bv admixed 
NiO, (’ojjO,!, MnO.>, Fe»O a , and CNiO ; less vigorously by Mn 3 0 4 , AgoO, Rn() a , and 
Ph() : feebly by SbgOg, 0r 2 0 3 , ZnO, AL() a , C MO, and Pb(). 2 : and very feebly or 
not at all by \V() 3 , MgO, Ti() 2 , IlgO, CaO, IJ 3 0 8 , and Si0 2 . This subject was also 
studied by K. Eadccker, F. Streintz, and G. Tanunann and H. Bredemcier. 

G. L. Voerman found the lowering of the freezing-point of aq. soln. containing 
0*58, 1-01, 2-02, and 3*00 grins, of the salt in UK) grins, of water to be respectively 
- (H8°, ■ 0*27°, - (M8‘\ and - 0*58". The last ol the series is a eutectic mixture, 
so thnt the eutectic temperature iH 0-58 . F. Gullme found the eutectie temp, 
to be - (k r >7 with 2-82 per cent, of the salt. T. (J. Bedford found the lowering 
of the f.p., 80, and the calculated degree of ionization. «. for soln. with h moK of the 
salt in JOOO grins, of soln. to lie : 

u 0-000(il5 000120 0-002 0005 0010 0015 

80 -0-00225 0 00 IK I 0-00732 -001800 -0-0357 -00534 

a - - 0 070 0-035 0-020 0015 

(J. Tammann found the lowering of the vapour pressure of water with 19*02, 50-00, 
and 111-13 grins of potassium permanganate per 100 grins of water to be 24-0 mm., 
85-3 nun., and 107-1 mm. respectively J Thomsen calc ulated the heat of forma- 
tion of the salt from its elements to be 101*825 ('ids., and M. Berthelot, 200 Gals. ; 
A. Simon and F. Fehcr gave 2KMn0 4 ->2K t-2Mn+40 a | 389*63 Cals., and 
(KOHuq., HMn0 4 uq.) -13*7 Cals., while for the heat of solution, J. Thomson 
gave 10-4 Cals. ; M. Berthelot, 10-2 Cals ; and VV. A. Roth and G. Becker, 

10 62 Cals per mol. E. Moles and M. Crespi gave 60*0 Cals, for the heat of 
decomposition. 

F. Flnttnmun found that even 1 per cent. soln. were too deeply coloured to 
enable tin* index of refraction to be determined by daylight or Na-light. Observa- 
tions on the absorption spectrum of crystals of potassium permanganate were made 1 
by G. G. Stokes, K. Sclmetzler, E. Wiedemann, and J Conroy ; of aq soln., by 
G. G. Stokes, V. R. von Kurelee, A. Hapenbueh and R. Percy, A. M. Taylor, 
C. J. W Grieveson, H. U umbos, If. Kautsky and O. Neitzke. B. K. Mukerji and 
co-workers, E. Wiedemann, J. Conroy. E. Briicke, E. Ptiiigcr, A. TIantzseli and 
R. If. Clark, E. Vit-erbi, «F. R. Purvis, J. Muir, W. Ostwald, K. Selmetzler, 
K. Vies and A. Simchen, H. M. Vernon, E. Adinolti, \V. N. Hartley, T. R. Merton, 
etc.— rn/c supra, physical properties of manganese; and of soln. in m>n-aqnemis 
solvents by A. Iluntzsch and R. II. Clark. According to the ionic theory of 
colour, the potassium ions are colourless, whilst the Mn() 4 '-ions are purple, and 
the ions behave with respect to colour independently of one another. Further, 
in completely ionized soln. with one coloured ion, the coloration is independent 
of the colourless ion, and in partially ionized soln. the oolorution is the joint 
effect of the colour of the salt molecule and of the coloured ion. W. Ostwald 
found that the absorption spectra of thirteen permanganates are the same at 
great dilutions ; hence it w T as inferred that the absorption spectrum of a salt soln. 
is the sum of the separate spectra due to the neutral molecules, anions, and cations : 
ami if the soln. is very dilute, it is c ompletely ionized, and the colour is entirely 
due to the ions. W, Ostwulds proof broke down when other investigators 
showed thut. the absorption spectra of cone. soln. of permanganates arc also 
identical. A study of the absorption spectra of soln. of cobalt, copper, nickel, and 
other coloured salts led R. A. Houstoun to conclude that there is no spectroscopic 
evidence in favour of the theory of ionization ; rather is the evidence against that 
theory, unless it be supported by assumptions of hydrolysis, hydration, etc. 
W. W. (V)blentz measured the ultra- red transmission spectrum of potassium per- 
manganate. J. E. Purvis attributed the changes which occur on diluting soln. of 
the permanganates to the ionizing power of water acting slowly on the dissolved 
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permanganate so that the ionic condition R‘ and Mn0 4 ' breaks down. The MnO/- 
ion may bo broken down into Mn0 3 "- and O" ions or into manganese dioxide and 
oxygen. In di). .soln. the tension between the molecules of water sm rounding 
the ions must be very considerable, and it may be so great as to destroy 
the Mn0 4 condition, so that further changes take place, which become visible 
in changes of colour, in changes in the width of the bands, and in the libera- 
tion of oxygen ; and these changes would be accelerated by the vibrations of light. 
The intermediate stages of the changes might bo represented by the narrowing 
of the bands 1, 2, and 3, and the widening of the bands 4 and 5, mid these might 
correspond to changes of the MnOj-iwut into Mn0 3 and O-ions. According to 
W. N. Hartley, in clil. soln. the permanganates are hydrolyzed and then decom- 
pOvSed into a colloidal soln. of manganic hydroxide, MnO(OIl) 2 , and free oxygen. 
This action occurs even when the soln. me made in darkness and preserved in the 
dark. The most striking change seen in the spectra is a greatly increased general 
absorption, that is, a shortening of the transmitted ru)s. With soln preserved in 
darkness it is apparently proportional to the dilution, but the effect of sunbghi 
greatly increases the decomposition. The nan owing of the bands AAfitO and f>21, 
and the widening of those at AA501, 486, are easily explained by the decomposition 
having diminished the quantity of the permanganate or permanganic and, and 
theieforc weakened the bands and increased the quantity of the hydroxide, 
MnO(OH) 2 , in colloidal soln. ; this has greatly extended the general absorption 
until it in part overlies the more refrangible of the bauds. The absorption bands of 
permanganates are not characterized by sharpness ; they have a hazy indistinct- 
ness, with no definite boundary lines such as an* commonly seen in uranium, didy- 
iiiinm, and erbium absorption spectra. Owing to these properties, if the light is 
not diminished in intensity but the pciniiinganatc is reduced iu quantity, the 
intensity of the bands will be diminished, and this will cause a reduction m their 
width. If, however, the intensity of the transmitted light is diminished, the rexerse 
effect will be seen in an increased width of the bands. The intensity of the light 
is not diminished so far down into the green as A524, but the colloidal soln. of the 
hydroxide, MnO(OH) 2 , not only extends the complete absorption in the direction 
of the bauds, but also enfeebles the transmitted rays by a partial absorption extend- 
ing to A504. Hence, two of the bands in the less refrangible rays are narrower 
and two in the more refrangible rays are broader than in the unaltered soln. 
H. Becqucrel showed that the greater the coiic. of the soln. the greater the shift 
of the bands towards the red end of the spectrum. W. N. Hartley added that 
Ihis means that the cone. soln. is mainly a soln. of the salt, and that dilution causes 
hydrolysis , the shift of the edge of the band to a more refrangible group of rays 
is precisely w T hat might be expected by the conversion of barium permanganate 
into hydrogen permanganate , furthermore, we should expect the shift to be of 
greater extent in the case of the barium salt Ilian in that of the zinc permanganate, 
as appears to be the case. T. R. Merton measured the absorption bands in soln. 
of various permangauates in different solvents -water, acetone, methyl acetate, 
acetic anhydride, pyridine, acetonitrile, methyl, ethyl, and amyl alcohols, and 
ethylene glycol— and also a solid soln. of potassium permanganate and perchlorate 
In the last case the general character of the spectrum is the same as in liquid soln , 
but the bands are shifted towards the violet The position of the bands in water 
is thus intermediate between the positions in the alcohols pyridine and acetone 
and the positions iu the solid soln. The general nature of the absorption is due to 
the atomic grouping Mn0 4 , and it is influenced very little, if at all, by the 
nature of the cation or the extent of ionization, the position of the points uf maxi- 
mum absorption being determined by the nature of the medium in which the salt 
is dissolved. R. W. Wood measured the absorption spectrum of soln. in liquid 
ammonia. The anomalous dispersion of potassium permanganate was studied 
by A. Kundt, J. J. Soret, and 0. T. Christensen. 

According to E. K. Rideal and R. G. W. Norrish, when a soln. of potassium per- 
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munganate is illuminated by ultra-violet light, it undergoes a marked change of 
electrode potential, which slowly reverts to its original value when the light is 
extinguished. The change in light is attributed to an alteration in the liydrogen- 
ion concentration of the soln. brought about by photochemical decomposition of 
the potassium permanganate, thus : 2KMn0 4 — K 2 0.2Mn02+30. The compound 
Ko().2Mn0 2 is precipitated and a red sol of manganese dioxide and potassium per- 
manganite is formed. The decomposition is unimolecular over the range of cone, 
studied, and it is shown how the velocity constant can be calculated either from the 
changes of electrode potential during illumination or from the dark-recovery curve. 
The value of the equilibrium constant K- 0-00149. A photochemical stationary 
state is produced in the soln. owing to removal of potassium hydroxide by com 
hiuation with hydrated manganese dioxide. The rate of decomposition of potas- 
sium permanganate is increased by the addition of sulphuric acid to the soln. In 
such soln. the reaction, throughout almost the whole of its course, is of zero order, 
the constant velocity indicating continuous complete absorption of tin* photo- 
active radiation. This change in the type of decomposition is connected with the 
non-formal ion of colloid in the acid soln. Ammonium nitrate, uranyl nitrate, and 
potassium hypochlorite soln. afford photoactive effects similar to those observed 
with potassium permanganate. The ultra-violet absorption spectrum has a band 
between 3800 and 2700 with its head at 3130. The visible radiations of the mercury 
lamp are not appreciably effective in decomposing tbe soln. of potassium per- 
manganate ; but the line 3128 A. is taken to be mainly responsible for the photo- 
chemical acrion. With this assumption, and taking the coeff. of absorption for 
green and yellow light to be the same as for ultra-violet light, it is probable that two 
quanta of energy are concerned in the photochemical decomposition of the per- 
manganate ion. Mixtures of potassium permanganate and oxalic acid are more 
sensitive to ultra-violet than to ordinary light. D. N. Chakra varti and N. R. Dhar 
studied the fluorescence of soln. A. Kailan found the salt is decomposed by 
radium radiations, but 0. Risse observed no photolysis on exposing to X-rays. 
K. Chamberlain, and G. L. Hark and L. W. Pickett found that the salt is reduced 
by exposure to X-rays, and this interferes with the measurement of the X-rays 
absorption. A. E. Lindh, 1). Coster, and 0. Stalling studied the X-ray spectrum. 
E. Montignic found that after exposure to ultra-violet light, potassium perman- 
ganate affects a photographic plate. W. Schneider studied the piezoelectric effect. 

U. Brcdig gave for the eq electrical conductivity, A mhos, of soln. containing a 
mol of the salt in v litres of water at 20 : 
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Measurements were also reported by E. Bouty, H. <\ Jones and co-workers. 
R Lorenz and W. Michel, P. Walden, A. Ferguson and I. Vogel, and E. Legrand. 
A. Bertlioud said that the supposed maxi mum in the mol. conductivity curve is 
due to experimental errors. A A. Noyes and K. G. Falk calculated for the degree 
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of ionization, a, of soln, with 0-020, 0*010, and 0*005 mols per litre the respective 
values a — 0*913, 0*921, and 0*938 from f.p. data ; and 0*930, 0*951, and 0*968 from 
conductivity data — vide supra . The subject was discussed by H. M. Vernon. 
W . Bein calculated 0-559 for the transport number of the anion at 25° — but the result 
is doubtful. The subject was studied by L. Engel and W. Pauli. R. Lorenz and 
W. Neu measured the velocity. F, and transport numlier, i\ of the Mn() 4 '-ionfl at 
18° and 25°, and reported the following data : 
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K. F. Ochs measured the potential of platinum in soln. of permanganate and 
sulphuric acid. O. Sackur and W. Taegener calculated from the e.m f. of the 
cell Pt : KMn0 4 ,K 2 Mn() 4 : KOH,HgO | Hg, that the oxidation potential of potas- 
sium permanganate in alkaline soln. exceeds that of oxygen at one atm. press, 
and at room temp. The normal potential for the change Mn0 4 '- Mn0 4 ,f -f F is 
0*61 volt, ahd the equilibrium press, of the soln., containing manganate, per- 
manganate, and OH'-ions of normal concentration, is nearly 6xl0 1! * at in.- vide 
supra , manganic and permanganic acids. D. J. Brown and H. A. Licbhafsky 
calculated for the oxidation potential of the reaction Mn0 4 ' f HH' -f f>c^Mn ‘ 
+4H 2 0+1'446 volts ; and D. J. Brown and R. F. Tefft obtained 1*586 volts for 
the potential of the mangane.se dioxide — permanganate electrode. S. Popoff and 
co-workers were unable to measure the potential of the permanganate — hydrogen 
— manganese dioxide electrode, for potassium permanganate soln containing 
perchloric acid arc unstable in the presence or absence of manganese dioxide. 
For the electrode potential of manganese dioxide in permanganate soln., vide man- 
ganese trioxide. F. Weigert studied the electrolytic reduction of soln. of potassium 
permanganate by a platinum cathode charged with hydrogen. At potentials 
smaller than that required to libera to hydrogen gas, the current passing i'h due to 
the reaction between hydrogen and the oxidizing agent in the soln The velocity 
of this reaction is a function of the press, of the hydrogen and of the cone, of the 
oxidizing agent in the soln. in immediate contact with the cathode. If depolariza- 
tion is so rapid that the depolariser at the cathode is used up, the current passing 
is fixed by the velocity with which the depolarizer can diffuse to the cathode. 
G. Bahnrovskv studied the oloetrotytic reduction of permanganate at a magnesium 
anode. In neutral and alkaline soln. Mn() 4 "-ions are primarily formed. G. Wenger 
and H. H, Alvarez concluded from their observations on the reduction of acidic 
soln. of potassium permanganate by un alternating current : (i) The reduction is 
stiongest with rotuting electrodes whatever may lie their nature, (ii) Copper 
electrodes reduce the soln. the most rapidly, whilst aluminium in twice the time 
only effects a partial decomposition, (iii) In the experiment with the current 
the phenomenon is more pronounced at the beginning than at the end of the experi- 
ment (iv) The reduction due to the sole action of the metal is, of course, almost 
negligible with platinum electrodes (non-oxidizable metal). A. W. Warrington 
described a two-liquid cell with potassium permanganate as the depolarizing agent ; 
G. 1*. Vincent also studied the depolarizing action of the permanganate. 

E. Wedekind and C. Horst found the magnetic susceptibility of manganese 
compounds increases wuth the valency up to that of potassium permanganate. 
P. Pascal gave 25*5y 10~ F ’ mass unit for the magnetic susceptibility of the salt ; 
E. Wedekind gave 0*18 x 10“ P. Toilet calculated the at. magnetization of man- 
ganese, from the paramagnetism of solid potassium permanganate, to be 56*5 X 10“*, 
and it is independent of the temp, between 15° and 150°. The paramagnetism is 
raised by impurities. The value for soln. of the salt is 62xlO“~ 6 and it is constant 
lietweeu 17° and 100°. The subject was studied by L. A. Welo and A. Baudisch, 
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G. Mftfllin, S. Freed and C, Kasper, and G. Quincke. T. Ishiwara, and K. Honda 
and T. Ishiwara gave for the effect of temp, on the magnetic susceptibility : 

- 170 - 4 ° -03 5 ° -34 1 " < 1 ° 04 - 5 ° 102 0 ° 

XXlO*.. 0-1711 0 170 0*170 0175 0 175 0 184 


According to P. F. Chevillot and W. F. Edwards, when the crystals arc heated in 
hydrogen, they become red-hot, and diminish in bulk, at first rapidly, and then 
slowly, with the formation of a green mixture of potassium hydroxide and 
manganous oxide, in accord with the equation : 2KMn0 4 +5H 2 =“2K0H 

+2MiiO-f 4H 2 0. F. Duran studied the absorption of hydrogen by the solid. 
V. Meyer and A. Saam found that the absorption of hydrogen by a 5 per cent, 
soln. of potassium permanganate proceeds at a uniform speed when the liquid 
is agitated ; ami F. Hein and W. Daniel added that the solubility ol hydrogen in 
aq. soln. is greatly favoured if silver salts, e.g. the nitrate, be present. F. Jones 
found that a neutral aq. soln. of potassium permanganate is reduced by hydrogen : 
2KMn() 4 f-4H 2 - Mn 2 0 3 j-2K011-| 3H 2 0, especially when warmed ; the reduction 
in alkaline soln. is slow. W. Ipatieff and A. Kissel eff found that at 300° hydrogen 
under press, over 150 atm. reduces potassium permanganate soln. to form 
hausmunnite, M113O4.H2O. J. A. Wauklvn and \V. J. Cooper found that if acidic, 
alkaline, or neutral soln. are allowed to stand in contact with hydrogen, the gas 
is absorbed and the soln. reduced. 1j. Delwaullc observed that in acidic soln., 
hydrogen precipitates manganese dioxide with the evolution of oxygen ; in neutral 
soln., colloidal manganese dioxide is formed, but no oxygen i^ evolved ; and in 
alkaline soln., potassium manganate is first formed, and ultimately manganese 
dioxide, V. Meyer and M. von Recklinghausen found that if an acidic soln. be 
shaken with hydrogen, some oxygen is given off as the soln. is reduced, but if the 
soln. is not acidified, reduction occurs without the evolution of oxygen. This 
evolution of oxygen soon reaches a limit, though if the soln. be allowed to stund 
quietly, the decomposition lakes place continuously, and a far larger amount of 
oxygen is given off; nevertheless, the action is not reversible. They represented 
the reaction : 


H, j 0.0 

H 2 0.0 


2H fi () 1 0 2 


H. Hirtz and V. Meyer concluded that the production of oxygen from acidic soln. 
cannot lie attributed to the reducing action of the precipitated hydrated man- 
ganese dioxide on the permanganate. The oxygen evolved does not contain ozone, 
since that gas is produced only with cone acid. F. Hein and W. Daniel found 
that whilst a soln. of pure silver nitrate reacts only slowly with hydrogen at 
ordinary temp,, a soln. of potassium permanganate in the presence of hydrofluoric 
acid or silver nitrate quickly absorbs hydrogen. Thus, the number of ex. of 
hydrogen absorbed by a sat. soln. of potassium permanganate, mixed with various 
substances are as follow : 


0 02AVUF 0 02A'-AbK <1 («A'-A«N0 3 iMM»A'-ArNO b 0 1C»A’-ArA t 0 3 0 OaSA’-AanOj 
Reabsorbed . 12-7 85-2 1000 ‘ 30 0 800 300 

The nitrates of copper, mercury, and lead have very little action in favouring the 
absorption of hydrogen by the permanganate. With a sat. soln. of silver per- 
manganate 30 c.c. of hydrogen were absorbed. 

H. N. Morse and co-workers showed that finely-divided manganese dioxide 
can reduce Boln. of potassium permanganate with the liberation of oxygen : 
2HMn0 4 + nMn0 2 ^H 2 0+(n+2)Mn0 2 \\0 r oule supra, permanganic acid. The 
reaction was discussed by R. T. Colgate. H. Hirtz and V. Meyer thought that 
manganese dioxide cannot be the cause of the liberation of oxygen during the 
absorption of hydrogen by acidified soln., because no oxygen is evolved with neutral 
soln., although Inanganese dioxide is abo present. H. N. Morse and C. L. Reese, 
however, thought that the liberation of oxygen by hydrogen is due to the pro- 
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cipilatcd inunguncne dioxide, and that the urtinn is continuous, without the limit 
suggoaicil by V. Moyer and M. von Recklimshauscn. H. N. Morse and 0. L. Reeso 
«ai<l the* the oxygen is evolved more rapidly dining the absorption of hvdrogen 
than is subsequently the rase when the precipitated manganese dioxide reacts 
with the permanganic acid The molecules of the manganese dioxide originally 
preiipitnted a 8** seoiw reducing agent arc of greater simplicity and are capable 
of more rapid action than those produced by a solid like manganous sulphate. 
JL N. Morse and If. (». Byera concluded that with acidic sola, the liberation of 
oxygen is due to the reduction of the permanganic acid by the precipitated man- 
ganese dioxide, tendered active by the sulphuric acid which is present The fact 
that no oxygen is liberated in neutral solo, may be due to the potassium per- 
manganate being more stable than yw*rmanganic acid, or to the precipitated man- 
ganese dioxide being saturated with alkali, or to both rouses combined. The 
falling off with the tune of the reducing power of the manganese dioxide in acid 
soln. is explained b}' assuming the initial activity of the manganese dioxide mole- 
cules to be due to their simplicity ; as the molecules become more complex owing 
k to polymerization, so do they lose their power of reduction 1 1 was noticed that 

whilst the oxide fonned in acidified soln. is, in general (especially in the more cone, 
som.), more active during the first 24 hrs. than that formed m neutral soln., the 
converse is true after 150 hrR. In support of this, J. (\ Olsen and J<\ S. White 
found that manganese dioxide precipitated from a sulphuric acid soln of n y>ei- 
manganate persistently retains adsorbed sulphuric acid during the washing, whereas 
with nitric acid soln. the nitric acid can be easily removed by washing The 
reduction of permanganic acid by manganese dioxide is attributed to the weak 
basic properties of manganese dioxide, and its tendency to unite with sulphuric 
acid rather than with nitric or permanganic acid. Tho amount of sulphuric acid 
retained by the precipitate is inversely proportional tu the excess of ox\gen m the 
precipitate^ as adsorbed permanganic acid, over that required tor manganese 
dioxide. Consequently, manganese dioxide acts as a base and rom bines with 
sulphuric or permanganic acid. The adsorbed permanganic acid readily rlecom- 
m the evolution of oxygen, forming a polymerized manganese dioxide, 
which is much less active than manganese dioxide itself. V. Meyer anil co-w Hikers 
rejected the hypothesis that the oxygen is derived from hydrogen dioxide, but 
H. E. Armstrong and It. 1. Colgate assume that hydrogen dioxide is a pioducl 
of the oxidation, and they represent the reaction by the equation, with manganese 
dioxide as catalytic agent : 


MnOjOOH HOH 
MnOjO.OH+HOH 4 


(MiiO a )- 


MnO a 

Mn<V 


hooh +ho oh +( m "°;) 


whore .) moist, of hydrogen dioxide would be formed and, in agreement with the 
equation of H. N. Morse and co-workers, produce J k mols. of oxygen when decom- 
posed catalytic ally by manganese dioxide. G. Just and Y. Kauko observed that 
with neutral soln. of potassium permanganate of different concentrations, and with 
hydrogen mixed with varying proportions of nitrogen, the rate of reaction is pro- 
portions! to the cone, of each of the reacting substances, and therefore that one 
nml. ot hydrogen reacts primarily with one mol. of permanganate. It follows that 
a quinqwYidcnt, very unstable salt of manganese is lormed as an intermediate 
piodurt. Hie manganese dioxide formed in ihe course of tho reaction has no 
effect on the rate. The speed of the reaction is approximately doubled by raising 
t u temp, from 15^ to 25°. E. W ilke and H. Kuhn found tho reaction not so simple 
as was assumed by (4. Just and Y. Kauko, owing to the separation of manganese 
oxi f . The speed of oxidation is decreased in the presence of acids or alkalies, or 
>> exposure to X-rays. K. Volz discussed the oxidizing action of the 
jieriiici nganates. 

A. bkruhal and J. Preiss found that in the spontaneous decomposition of soln. 
oi potassium permanganate there is a period of induction, just us m the case of 
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l>crmangnnic acid (g.n.). The reduction nf potassium permanganate soln. is a 
complex prn<wi involving a series of consecutive reactions between the products 
of the reduction, and between these products and the pcrmangunato itself, and the 
decomposition of the permanganate resulting in the evolution of oxygen, a reaction 
influenced by catalytic effects of the products of the decomposition. A. Skrabal 
considered that the reduction in acidic soln. involves a 'period of incubation , during 
which the permanganate is reduced in accord with Mn v11 — Mn 11 j-0 2 ; a period of 
induction, in which Mn l! | Mti vI ' -Mn 11 ', and the change of the tcrvalcnt manganese 
by two side reactions: Mn ,J1 - Mn 11 \ Mn lv , and Mn* 11 -Mn 11 -! 0 2 ; and there is the 
tfrminal jntiod. when Mn ,v - -Mn li | () 3 . These reactions occur if no reducing agent 
is present, while in the presence of reducing agents one or more stages may be 
a federated, and more permanganate may be consumed than is equivalent to the 
nxid.it ion of the reducing agent. This subject has been discussed by A V. Hnr- 
">utl, A. V. Harcourt and W. Ksson, R. Khrcnfeld, R. Luther, N. Scliiloff, etc. - 
• nlr supra, pci manganic acid, and manganese dioxide. The self-reduction of the 
permanganate is so very slow in feebly acidic and neutral soln. that they can be 
kept a long time when of a high degree of purity, and employed as volumetric soln. 
tni analytical work. A. A Maxi mo JT studied its deoxidation in alkaline soln. 
F. Duran studied the absorption of oxygen by the solid. 

E Mitscherhch found that 100 pints of water at l. r i u dissolve 3-25 parts of the 
sail Home observations on the solubility of the salt in water wen 1 reported by 
K Guthrie, 0 Sackur and W. Taegcner, \V Heiz and M. Knoch, and A. M. Patter- 
M, u VV. Muthmann and 0. Kuntze g.ixe 4-181 grins, per 100 c.c. of sat. soln. at 
7 The following results are compiled from those of G. L Vnerman, E C. Worden, 
and G 1*. Baxter and <u- workers for tin* percentage solubility S : 

0 IS OOS n 1 10 10 HU !!■» 80 40 50 t»0 75 

V . ur>8 24U 3 15 4 01 ft 9ti 8 28 JU-78 11-40 18 03 2144 

V Plot t maim gave for the solubility at \b \ 2U\ and 2E) C respectively 0*327, 0-391, 
and 0-Jf>9 nulls per litre, or 4-997, 5-94ti. and 7-079 per cent. 

P. F. Ghevillol and W. V. Edwards, and K. Luboldt stated that if t.he aq. soln. 
of potassium permanganate be free from reducing agents, it can be preserved 
unchanged , and similar remarks apply to the crystals of the salt, for they arc 
pennanent in air. H. N. Morse and co-workers said that permanganate soln. 
should not be filtered through paper, but rather through asbestos ; such soln. 
exhibit a high degree of stability, whether kept in darkness or in diffused daylight ; 
but soln. of a high degree of purity are decomposed in direct sunlight. R. W. Oddy 
and J. B. Cohen also found that the stability of soln. is not perceptibly affected 
by exposure to light, but after 14 days the titre of the solu. was slightly less ; and 
J. C. Hell found that only a small reduction occurred after the soln. hail been 
kept for sonic months. C. Moinecke and K Schroder found that the titre remained 
constant for two months with soln. whose surface was covered by a layer of vaseline 
oil R. Luboldt found that aq. soln. of the purified salt were not perceptibly 
decomposed after being boiled for half an hour. J. 0. Halverson and 0. Bergoim 
discussed the preparation oi soln, which do not vary more than 0*1 per cent, jier 
week. The subject was discussed by 0. Hackl, (I. Bruhns, 1. M. Kolthoff and 
co-workers, and W. M. Gardner and B. North. P. A. Tscheisliwily found that a 
^oln of potassium permanganate in distilled w r utcr alone suffered no reduction, 
in eight months; a reduction occurred after each of the first eight till rations 
through asbestos, after which reduction no longer occurred on filtration; a clear 
filtrate could not be obtained through glass-wool. The presence of various siilphutcs 
all caused a slow reduction of the permanganate ; w'ith chrome alum the reduction 
is rapid. T. Warynsky and P. A. Tsckeishwily found that the decomposition of 
0*01Af-KMn0 4 with 11 2 S0 4 , in the presence of various salts used as catalysts, 
is accelerated in the dark, but is a retarded action in daylight. Also, in grecu and 
blue light most salts retarded the action, but in orange light a slight acceleration 
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was observed : the retarding effect, therefore, probably depends on the actinic 
rays. A rise of temp, also affects the catalytic power of salts on the reaction ; 
it increases the activity of the sulphates of iron, chromium, and aluminium, but 
retards the action of cadmium sulphate. The activity of certain catalysts, such 
as ferric alum, increases with the concentration. According to E. Mitscherlich, 
an aq. soln. of potussium permanganate, acidified with sulphuric or nitric acid, 
slowly evolves bubbles of oxygen gas at 30", but with a boiling soln. the decomposi- 
tion iH rapid ; hydrated manganese dioxide is precipitated. A. Skrabal and 
J. Preiss found that in the spontaneous decomposition of soln. of potassium per- 
manganate there is a period of incubation, just as in I he case of permanganic acid 
J. Holluta found that U*0t)4JV-KMnO 4 is not decomposed bv long boiling, 
even on adding small quantities of manganese sulphate ; more dil. soln., say 
(M)02 A t -KMii(> 4 , are slowly decomposed by boiling, possibly by the intermediate 
formation of KMnO 0 , followed by the formation of K 2 M 11 O 4 and MnO*. The 
decomposition of permanganic acid, or uculificd soln. of potassium permanganate, 
has been previously discussed. The decomposition of the permanganate in alkaline 
soln. was studied by R. H. Ferguson and co-workers. 


Table 11.— The .Solubility of Potassium Permanuanatf in Solutions of 
Potassium Hydroxide. 


Temp. 

H.O 

iV-KOH 

2A-MJ11 

4A-KOH 

1 

OA-KOH 

fl.V-KOH 

IO1V-KOH 

0° 

0-1 7(5 

0 J30 

0031 

0 027 

0 023 

0 017 

0-012 

10° 

0 278 

0112 

0 093 

1 0048 

0-040 

0 028 

0-010 

(10 c ) 20° . 

0-411 

0-170 

0-119 

0-079 

(0 074) 

0 032 

0 020 

So 1 - (32“) . 

(* 573 

(0-310) 

(0 213) 

(0- 1 49) 

0-114 

(0-002) 

00m 

40° 

0-792 

0-439 

0 300 

0-211 

010] 

0-084 

0 052 

50' (53<) . 

(1-164) 

0 038 

0-402 

1 0-304 

0 219 

0-111 

> — 

60° (03°) . 

1-420 1 

(0 904) 

0-039 

0-427 1 

0-291 1 

0-143 

0071 

70" 

1812 , 

1 172 

0-800 

0-572 | 

0 390 

0 188 

0 082 

75° 

2-047 

- 


(Mtr.l 



0 089 

80" 

! 

1-513 1 

1-190 


0 500 

0 231 


(83") 84" 

1 

1-055 

1-352 

! (0-803) 

0-572 , 



90 u 

— i 

1 

1 

1 

— 

- 

0-049 1 

0-297 



If a soln. of potassium permanganate and cone, potassium hydroxide be boiled, 
E. Mitscherlich, R. Luboldt, and H. Aschoff observed that the liquid becomes 
black, then green, and it develops oxygen, forming potassium manganate. The 
reaction was studied by A. A. Maxiinoff. V. F. Hchonbcin observed that an excess 
of potassium hydroxide gradually decolorizes a soln. of potassium permanganate 
and a hydrated manganic dioxide is precipitated which, when treated with an acid, 
separates iodine from potassium iodide. (\ F. Mohr, P. Thenard, K. Bottgcr, 
and 0. F. Rammelsberg found that a dil. soln. of alkab-lye prepared from the 
hydroxide which lias been fused does not change the permanganate ; and 
V. F. Chevillot and W. F. Edwards found that the ppT manganate soln. is reduced 
by potassium hydroxide purified by alcohol— and therefore containing organic 
matter — and likewise by a sodium carbonate soln. which has been frequently 
filtered through paper. The reduction which occurs with ordinary alkali-lye was 
also attributed by G. Forchhammer, and H. Aschoff to the presence of organic 
matter ; by G. Forchhammer, to potassium sulphide ; and by E. Bohlig, to the 
presence of thiosulphate. Many substances rich in oxygen were found by 
1\ Thenard to accelerate, by contact, the action of alkali-lye on hydrated man- 

S anese dioxide, but not so, added H. Aschoff. The action of this agent has been 
iscussed in connection with permanganic acid, and with the action of hydrogen 
on potassium permanganate. According to E. Mitscherlich, if a cone. soln. of the 
crystals of potassium permanganate in dil. alkali-lye be evaporated in vacuo, the 
crystals are re-formed with only a slight loss by decomposition ; but a very dil. 
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soln. slowly becomes green at ordinary temp, and more rapidly if the temp, bo raised. 
In order that the change to green manganate may be complete, the quantity of aq. 
soln. must be sufficient to absorb the oxygen liberated in the passage of perman- 
ganate to manganate. The green soln. is reddened by acids, with the separation 
of hydrated mangahese dioxide. 0. Sackur and W. Taegener measured the 
solubility of potassium permanganate, expressed in mols per litre, in hoId. N-KOH 
to 10iV-KOH, and the results are given in Table II. P. F. Chevillot and 
W. F. Edwards found that the permanganate soln. iB also turned green by a soln. 
of sodium, barium, or strontium hydroxide. The action of a soln. of calcium 
hydroxide is slight, owing to the great dilution of the liquid. It was suggested that 
complex salts are formed, because in the case with barium hydroxide no barium 
permanganate is precipitated although that salt is virtually insoluble in water. 
0. Sackur and W. Taegener found the solubility, S mols per litre of sat. soln., in 


soln. of potassium carbonate to be : 




k/0 3 


0-1A’- 

X- 

2A T - 

4JV- 

6A'- 

i 0 L . 


0 1462 

0-0629 

00446 

0-0270 

0-0156 

A 25° . 


0-4375 

0*2589 


0-0930 

— 

| 40 


0-73SU 

0-5007 

0-3519 

— 

— 

and in soln. 

of potassium chloride to be : 



KCJ1 . 


0-1 An 


0-5 A r 

A- 

2A'- 

| o n 


. 0-1365 


0-0760 

0-0532 

0-0370 

S 25 J 

| 40° 


0 4315 


0-3060 

0-2200 

0-1432 


0-7380 


0-5840 

0 4400 

0-2880 

W. llerz and F. Hiebenthal gave for the solubility, 8, of potassium permanganate 

in H-nonnul soln. 

of various salts : 




L,C1 

0 

0 51 

0-87 

2*56 

3 81 

4 56 

2-20 

2-18 

2*09 

1 31 

1-16 

0-93 

Nan 

0-59 

0-96 

2*26 

3-35 

4-22 

5 15 

2-32 

2 29 

2 13 

1-86 

1-73 

1-53 

NJljCI'j", 

0 50 

0-95 

2*69 

3 78 

4 57 

5-45 

104 

1-75 

1-05 

0-86 

0-78 

0-72 

Mgt-i.jJJ 

0 96 

1 92 

4*62 

6-42 

7 64 

8-10 9 52 

201 

1-78 

0 96 

0-64 

U-48 

0-40 0 16 

C “ CI * IS 

1-70 

4-96 

6*80 

8-10 



200 

1 20 

0 91 

0 80 



SrCl, [l 

0 64 

2-48 

3*92 

4 52 

5-90 


2-27 

1*94 

1-64 

1-54 

1-30 


Kd J* 

0-36 

0*01 

1-65 

2-32 

2-89 

4 06 

1-56 

1*30 

0*74 

0*58 

0-51 

0-40 

for LiUl, S 

=2-250- 0-2H5« ; 

for NftC’J, S--- 2-422- 

0-1 73n; 

for NH 4 C1, tS=2’50 


-0-446», and .S'- L-370-U-120» ; for Mgfl* 8- 2-^0-0-279», and aS=1-7(K3 
— 0-161 n ; for Call* -2-318— CM 88n ; and for SrCl 2 . AS-2;250-0-157n. 
H. M. Trimble found the percentage solubilities, <S, in soln. of potassiu m sulphate 
and of sodium sulphate, at 25°, are us follow. The soln. sat. with respect to both 
salts are marked w-ith an asterisk. 


K,80 4 

000 

0-80 

1-98 

5-47 

7-79 

9-26* 

10-75 


KMnO, 

710 

0-59 

5-92 

4-52 

3-87 

3-55 

0-00 


Sp. gr. 

1-0454 

1-0483 

1 0537 

1-0730 

1-0876 

1-0079 

1 0864 


Na.SO, 

0-00 

0-88 

_ _ 

7-05 

12-85 

19 43 

21-04* 

21-80 

K,MnO, 

7-lU 

7 33 



7-75 

7-27 

6-25 

5-91 

000 

Sp. gr. 

1-0454 

1-0554 

— 

1-1180 

— 

] -2303 

— 

1 2071 


The solubility of potassium permanganate in soln. of potassium sulphate decreases 
with increasing cone, of the sulphuto. In soln. of sodium sulphate the solubility 
increases to a maximum with increasing cone, of sodium sulphate. The maximum 
solubility lies at about 6 per cent, of sodium sulphate, after which there is a slow 
decrease in solubility to a minimum in solu. which contain the maximum amount 
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of sodium sulphate soluble in the presence of permanganate crystals. For the 
lower cone, of each sulphate, potassium sulphate acts powerfully in decreasing the 
solubility of potassium permanganate in soln. of sodium sulphate, whilst sodium 
sulphate increases its solubility in soln, of potassium sulphate to a much smaller 
degree. 

According to 0. F. Schonbcin, hydrogen dioxide decomposes a soln. of potassium 
permanganate, with the separation of hydrated manganese dioxide. In neutral 
soln. C. Weltzion represented the reaction : 2KMn0 4 +2H 2 0 2 - 2KOH f (Mn 2 0 3 
-f 20 2 )+3Il20. L. Swiontkowskv obtained a similar result for feebly acidic soln. 
F. Wohler and A. Geuther and others also found that the manganese dioxide (q.v.) 
also reacts with the hydrogen dioxide in acidic soln. H. Aschoff represented the 
initial and final stages of the reaction bv 2KMn0 4 +3H 2 S0 4 -f GH 2 0 2 - 2MnS0 4 
-(-^S^Vr HHoO-f-SOjj. B. t\ Brodic said that three consecutive reactions arc in- 
volved : the permanganate in alkaline soln. reacts with the alkali dioxide, forming a 
manganate; the manganate then passes to hydrated manganese dioxide ; and the 
precipitate, in the presence of an acid, gives off oxygen and forms a manganous 
salt ; B. ('. Brodic, and E. Schono added that the reaction does not slurt at once*, 
but once it is started it proceeds very rapidly. L Maquenne, and R. Engel 
suggested that a trace of a manganous salt must first be formed, and it is tins which 
reduces the permanganate to a manganic salt, and the latter is reduced by the 
hydrogen dioxide to a manganous salt, and so the cycle begins anew'. The per- 
manganate forms the manganic salt in the presence of sulphuric acid only Aery 
slowly. P. H. flegnitz found the reaction is accelerated by a soln. of a manganous 
salt. According to M. Martinon, if a soln. of potassium permanganate be added 
to nn acidic soln. of hydrogen dioxide, the reaction is symbolized: 2KMn() 4 
H 5II 2 <V| 6HCI- 2MiiC1 2 4 2Kn+8H 2 ()+50 2 , whereas if the acidic soln. of 
hydrogen dioxide is added to the permanganate, a precipitate of hydrated man- 
ganese dioxide is formed, and the reaction is symbolized: 6KMn0 4 j ( .)Hr,0 2 
-b6H(1— GKri+aH^MnaOn-f 90 2 -+8H 2 (). This reaction also vanes m character 
w r ith the rate at which the hydrogen dioxide is added to the soln. If a neutral or 
alkaline soln. of hydrogen dioxide is added to the soln. of the permanganate, tin* 
reaction progresses in accord with KMn<) 4 -| 2H 2 0 2 KOH f Mn(0Il) 3 4-20 2 . If 
the soln. of permanganate is very dilute and very alkaline, a small quantity of 
manganate is momentarily formed when hydrogen dioxide is slowly added ru/v 
4 . 31, 33, A. Gurgen also found when hydrogen dioxide is added io a soln. of 
permanganate, the quantity of dioxide decomposed varies from 3 to 11 eq. per eq. 
of permanganate ; but when the permanganate is added to the hydrogen dioxide, 
there is no limit to the amount of hydrogen dioxide which is decomposed When 
hydrogen dioxide is added to an alkali permanganate, the precipitate retains a, 
considerable quantity of alkali, and a larger proportion of dioxide is required for 
complete decolorization. A combination of manganese dioxide and the alkali 
seems to be formed, and reacts readily with the hydrogen dioxide. At first a 
brown soln. is formed, which very readily decomposes, and which probably contains 
potassium permangnnite. In the presence of a large excess of alkali the blown 
liquid is not formed. The permanganate is first ( unverted into the green manganate, 
and the lnttci is then decolorized J. Znwidzky gave for the speed of the reaction : 
dr/dt—k {\ b where fr 0*119 and 0*370 respectively at - IC° and lf>°. 
A. A. MaxiuioiT observed that it h^dmgeii dioxide or the peioxide of the alkali 
metal lx* added in excess to a soln. of the hydroxide and permanganate of sodium or 
potassium, no manganate is formed, but a vigorous reaction, resulting in the pro- 
duction of manganese dioxide, takes place. The quantities of hydrogen dioxide 
necessary for complete deoxidation to manganate and to manganese dioxide 
icsjmm lively aie in agreement with the theory that the reaction takes place in two 
consecutive stages, given for potassium permanganate by the equations 2Ki\ln() 4 
, H 2 0 2 i 2KOI1- 2K 2 Mn0 4 -t 21U) t 0 2 , and 2K 2 Mn0 4 4 2lf a Cy f KOH t 2Mn0 2 
{ 2()». These equations hold only when the potassium hydroxide cone, is greater 
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than about (HWV. If it is less than about ()’052V\ hydrated manganese dioxide is 
formed simultaneously with potassium munganate ; a rise of temp, has a similar 
effect. It is considered tlint the formation of a peroxide of an alkali metul is a 
necessary intermediate stage of the reaction. Observations on the reaction were 
abo made by W. Ramsay, I\ Thenard, M. Bcrthclot, A. Bach, R. T. Colgate, 
N. A. Tananacff, A. Clover, and A. von Bayer and V. Villigor. 

V. Thomas and l'. Dupuis observed that liquid chlorine at its b.p. has no action 
on the solid permanganate ; G. Gore, that liquid hydrogen chloride attacks the 
solid permanganate, making it swell up, but does not dissolve it; J. W. Thomas, 
that the dry gas vigorously attacks the crystals, with the development of heat, 
forming chlorine, water, potassium chloride, and manganous and manganic 
chlorides. K. Fredenhagen studied the action of hydrofluoric acid. O. Ohmann, 
and t\ Graebc found that with hydrochloric add chlorine is evolved. The 
reaction between potassium permanganate and hydrochloric acid was studied 
by R. F. Weinland and l\ Dinkelaeker. J. Wagner thought that the reaction 
is catalyzed by ferric chloride, but J. Brown did not find it so. The reaction 
is ,i convenient one for making chlorine for laboratory purposes on w small 
vale. The reaction is represented: 2KMn0 4 \ lGIK'l 2K('H 2Mn( , l ii | HI1 2 0 
| nCljj. F. J 1 . Venable and J). H. Jackson represent it as a two stage reaction : 
2KM11O4 i HIM '1 -2KCl-f 2Mnf>2 MH.,0 \ 3(J1 2 , followed by MnO* f4H(l-Slna a 
j liUjjO I Clj if enough acid be present. There is a reaction with OOOlmLV- 
hydrobromic add, but no reaction occurs with less than 0-02A-HC1. D. Balareff 
and <L Kandilarofi observed that owing to adsorption barium sulphate red uccs the 
•q»ml of oxidation of hydrogen chloride in dil. soln. by permanganate. R. Lang 
observed that an excess of potassium permanganate, in DA-sulphuric acid oxidizes 
iodine, hydriodic add, and iodic add to periodic acid. The reaction is hindered by 
chlorides. (’. W llempel, M. Grogcr, and W. Lindner observed that potassium 
chloride and bromide are not attacked by a boiling neutral soln. of the per- 
manganate. M. A. Rozenbcrg found that an increase 111 the acidity of the soln. 
< luuiges the reaction with a bromide from a multmiolecular to a numomolccular 
one : Mn() 4 'H-5Br' J 8il'=-Mn’*-f5Br -b4H 2 0. L. R. de St. Gillen found that iodine 
is converted into iodic acid ; and M. Grogcr, that potassium iodide converted into 
unlute- these reactions proceed best in the presence of alkali carbonate or hjdro- 
carbonate : Kl-f-2KMn() 4 +■ Jl 2 0-- K10 3 -} 2KOH } 2Mii(L M. Bobtclsky and 

D. Kaplan discussed the action of various salts ou the reaction The reaction is 
utilized m the volumetric titration of the iodides, and it was discussed by 
I 1 . W. Hcinpcl, R. Espenchicd, C 1 . Weltzien, F L Halm and G Weiler. C F Mohr, 
E Sonstadt, S. Ropnff and A. H. Kuiiz, E. Brucke, j\l Grngci, and A. Longi and 
b Bonaviu. E. Muller and H. Mollering observed that in sulplume acid soln. the 
reaction is complicated by the formation ul an lodate, and in lmirochlom aud 
soln. by the formation of iodine chloride. According to E. Furst, chlorine dioxide 
forms potassium chlorate and manganese dioxide : KAJn(J 4 | .‘i('l(L-l-Jii»0 MnOj# 

|-K(J10 3 -1*2HC10 3 . G. R. Levi and 1). Ghiron found that permanganate^ oxidize 
chlorites 1u chlorates, in accord with 3C10»' ! 2Mn() 4 ' I 1LO- .‘W'10 3 ' t 2MnO* 
20H\ 

J\ F. rhevillot und W. F. Edwards found that when solid potassium poi- 
manganate is triturated with sulphur partial detonation may oceui, but when 
heated the mixture may explode. J B. Sendenins said that, sulphur 1 educes a 
.'■oln. of the permanganate at oidinary temp : 2KJV1 ji0 4 | b | 2li a O 2(jMu0o.il 2 0) 
fK 2 8U 4 ; and J. W. Slater observed that w r hen the mixture is boiled a sulphate is 
formed, while M. J. Fnrdos and A. Celia added that some nun oxidized sulphur is 
earned along by the steam, and some ditluonate may be formed, b. Cloez aud 

E. Guignet observed that a boiling, sat. soln. ot permanganate slowly okidizea the 
sulphur in green powder to sulphuric and. F- F Ghcvillot and VV. if. Edwards 
found that an excess of hydrogen sulphide decolorizes a soln. of the permanganate, 
learning potassium sulphate and precipitating pale red manganous sulphide, and 
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also, according to H. Rose, some sulphur. C. F. Schlagdenhauffen observed that 
if the permanganate be added to an aq. soln. of hydrogen sulphide a brown pre- 
cipitate is formed which rapidly turns white, and with more permanganate a clear 
soln. and black precipitate are formed. According to H. B. Dunnicliff and 

S. D. Nijkawan, when a slow current of hydrogen sulphide is passed through a 
1 per cent. soln. of potassium permanganate, the purple soln. becomes brown and 
a white deposit of sulphur appears round the delivery tube. After a short time 
a greyish-brown solid separates without appreciable rise in temp. ; this slowly 
changes, first to a yellow mixture of hydrated manganese dioxide, manganese 
Bulphide, and sulphur, and finally to a pink precipitate of manganese sulphide 
containing much sulphur, the temp, rising rather mow than 10°. Other observa- 
tions by H. B. Dunnicliff and 8. D. Nijhawan are indicated in connection with 
hydrogen sulphide. A. Peter, L I\ do St. (lilies, and S, Cloez and E. Guignct, 
found that alkali sulphides are oxidized to sulphates, and 0. P. Schlagdenhauffen 
added that the reaction proceeds faster if a dil. soln. of the sulphide be added to the 
warm soln. of permanganate. M. Bobtclsky and I). Kaplan discussed the action 
of various salts on the reaction. H Find represented the reaction: HKMn() 4 
-f 3Na 2 S \ 4Hjj() — 8KOH ( 8Mn0 2 4 3Na 2 S0 4 According to M. Honig and 
E. Zatzek, alkali polysulphides with cold soln. form trithionate and sulphur, while 
with warm soln. alkali sulphate and sulphuric acid are formed. The addition to 
a permanganate soln. of ammonium hydrosulphide results in the precipitation of a 
rose-coloured manganese sulphide; the reaction with sulphides was studied by 
L. P. de St. Gilles, A. Longi and L. Bona via, J. W Slater, W. R. E. Hodgkinson 
and J. Young. J. Mijers, J. B. Senderens, M. J. Fordos and A. Gclis, T. S. Dymond 
and F. Hughes, C Lurkuw, M. Honig and E. Zatzek, R. Bottger, and C. P. Schlagen 
liauffcn. L. P. de St. Gilles observed that most metal sulphides are oxidized by 
the permanganate ; and 0. F. Schlagdenhauffen added that the reaction is complete 
with the sulphides of copper, calcium, zinc, bismuth, manganese, iron, and nickel, 
and incomplete with those of mercury, tin (ic), lead, arsenic, and antimony. 
P. F. Chevillot and W. F. Edwards, and H. Buignet found that sulphur dioxide or 
sulphurous add acts on a soln. of permanganate, forming alkali and manganous 
sulphates : M J. Fordos and A. (join added that some dithionate may be formed, 
and that in the presence of alkali carbonates the conversion of the sulphite to 
sulphate is almost complete. W. R. E. Hodgkinson and J. Young studied the 
reduction of the permanganate by dry sulphur dioxide. H. P. Cady and R. Taft 
found the salt to be insoluble in liquid sulphur dioxide. F. Durau studied the 
absorption of sulphur dioxide by the solid. M. Honig and E. Zatzek found 
that alkali sulphites are completely oxidized to sulphate at ordinary tern))., 
whether in neutral or alkaline soln. The quantity of permanganate consumed in 
the reaction is smaller the more dilute the soln. of the permanganate ; and the 
composition of the precipitate varies with the concentration of the soln. of per- 
manganate. This subject was discussed by M. Grdger, and W. S. Hendrixsou. 
K’. Bottger found that alkali sulphite turns jierinanganate soln. green, and J. Mijers 
added that with very dil. sola., say one part of sulphite in 100, 000 parts of soln., 
the red permanganate soln. is coloured indigo- blue ; the red coloration returns 
after about 24 hrs. When sulphurous acid is titrated with potassium permanganate 
under conditions where the escape of sulphur dioxide or oxidation by air is excluded, 
about 88 per cent, of the theoretical amount of permanganate is consumed as 
required by the equation : 5H 2 80 ;3 4 2KMn0 4 2KHS0 4 4-2Mn80 4 4-H 2 S0 4 4-3H 2 0. 

T. 8. Dymond and F. Hughes trace this to the formation of dithionic acid. If the 
reaction be 17H 2 SO a +6KMn() 4 -- 2K 2 S 2 O 0 +K li SO 4 +6MnSO44-6H 2 SO 4 +llH 2 O, 
then 88-2 per cent - of the oxygen required to convert all the sulphurous into sulphuric 
acid will be required. The temp., acidity, and cone, of the soln. make no difference 
to the result. 8. Cloez and E. Guignet found that sodium thiosulphate is oxidized 
to the sulphate ; and, added L. P. de St. Gilles, the reaction is almost complete in 
the presence of alkali carbonates. M. lionig and E. Zatzek observed that in the 
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cold the reduction of the permanganate is complete, and only independent of the 
concentration of the permanganate in alkaline soln. ; one part of Na2S a 0 3 .5H 2 O 
consumes 1-6360 parts of KMn0 4 , and the precipitate approximates in composition 
to KH 3 Mn 3 0 8 ; on the other hand, M. Glaser observed that with hot, cone., neutral 
soln. the reaction is complete; one part of Na 2 S 1! 0 3 .5H20 consumes 1 0621 parts 
of KMn0 4 , and the precipitate corresponds with KHjMn 4 O, 0 ; A. Alander found 
that some tetrathionate may be formed. M. Grdger discussed the reaction. 

J. Mijers found that one part of sodium thiosulphate in 200,000 parts of soln. will 
colour a red soln. of potassium permanganate indigo- blue, but the red colour is 
restored when the soln. is allowed to stund for 2-1 lira. M. Bobtclsky and I). Kaplan 
discussed the action of various salts on the reaction. The reaction was studied by 
S. PopnfE and J. L. Whitman, S. I’opotf and F. L. ('ham he is, T. Milobcndzky, 

K. Schroder, W. C. Vosburgh, J. M. Hendel, R. S. McBride, W. (\ Bray and 
G. M. McKay, and W. (\ Bray and H. K. Miller. According to H. Hclijerning, a 
mixture of sodium sulphide and thiosulphate when boiled with the permanganate 
soln. for in mins, gives a cinnamon-brown precipitate of Mn 3 () t .»<}lo() : but with cold 
soln a precipitate of hydrated manganese dioxide, Mu() 2 .nlLO, is formed. L. P. de 
St (biles found that alkali dithionates arc not affected by a soln. of potassium per- 
manganate, while alkali trithionates are incompletely oxidized, slowly m the cold, 
rapidly when lien ted. According to P. F. (’hevillot and W. F. Edwards, the crystals 
of permanganate dissolve m sulphuric acid w ithout effervescence, forming an olive- 
green soln. . the decomposition of the *alt in soln takes place very slowly. If 
water lie progressively added to the olive green soln., the colour changes in 
Mici ession to light green, orange* \ clluw, and scarlet. Sulphuric acid, with dilutions 
up In a sp. gr 1 -fit I, forms a red soln. from which oxygen is evolved in a few hours 
with cone, acid, and m a few' months with (ill. acid; the liquid is thus decolorized 
and brown hvdratcd manganese oxide precipitated As indicated above, 
E Mitscherlich observed that bubbles of gas arc given off slowly from a soln. of 
the permanganate and sulphuric acid at 30 , but rapidly when boiled; hydrated 
manganese dioxide is precipitated A. Each found that permonosulphuric acid 
is quantitatively reduced to sulphuric acid. According to A. von Bayer mid 
\ . ViJIiger, a sulphuric acid soln. of persulphuric acid and potassium permanganate 
is a very powerful oxidizing agent, and it is at owe decolorized by benzene and by 
adipic and phthahe acids. E. Erauner, and J. F. Norris and II. Kay observed that 
tellurous acid is oxidized by the permanganate to telluric acid, without precipitating 
manganese oxide. 

According to J. A. Wanklyn and W. J. Cooper, nitrogen is not oxidized by 
permanganate soln. at 100". G. Gore, E. ('. Franklin and (\ A. Kraus, and 
II. Moissau observed that potassium permanganate is very soluble in liquid 
ammonia. I\ F. (’hcvillot and W. F. Edwards found that ammonia is decomposed 
by a soln. of potassium permanganate, and nitrogen is gi\en oil. H. Hose, and 
S. Hoogcworfl and W. A. van Dorp said that the reaction is slow with dil. soln., even 
when heated on a water-bath, but, added L. I*, de St. Gilles, it is gi rally accelerated 
if formic acid be present. 8. (’Inez and E. Guignet observed that some alkali 
nitrite is formed in cold soln., and this with an excess of permanganate or in hot 
soln. forms the alkali nitrate. H. Tamm noticed that some ammonium nitrite may 
he formed . and F. Jones represented the reaction: 8KMn() 4 | 8NII a UVln^Oj 
I KNO., i KNUa f6K(>m 91I a O+3N a . The reaction was also studied by 
K Wohler, and J. A, Wanklyn and A. Gamgee. According to H. Rose, ammonium 
salts an* not oxidized by the permanganate. W. Meyeringh found that hydroxyl- 
amine salts in the cold react with the permanganate with the evolution of nitrogen 
and nitric oxide, and when heated, nitric acid is formed. L. J. Simon represented 
the reaction with the nitrate : 2KMn0 4 -| 5(NlU>H.HNO a )- 2Mn(N0 3 )2 | 2KNO a 
H 2N 2 () JOil^O ■ and with arsenate or phosphate: l2KMn() 4 -(- ]6[(NH»OH) a . 
; r V >4) r 4**n a (P0 4 ) a 4 6KH 2 1*0 4 | 22K 2 ]ftP(> 4 -| 2KNO a 1-2UN 2 ] 3N.0 +8«J1I 2 0. 
f • ( urtius and*K. Hchrader observed that hydrazine salts reduce permanganate to 
vol. xn. V 
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the manganous state, and if an excess be added, a brown oxide is deposited. The 
oxidation of hydrazine sulphate was also Rtudied by W. Hcrz, and N. A. Orloff. 
U. Roberto and F. Roncali, and K. Weisbrod represented the reaction: 4KMn0 4 
-f6H z S0 4 =---2K 2 S0 4 f-4MnS0 4 +6H.;04 50 z ; and 5() 2 +5(N 2 H 4 .H 2 »S0 4 )--10HnO 
-f“5H 2 S0 4 +f)N 2 . J. Petersen represented the reaction: 17N 2 H 4 1-130=13H Z 0 
+14NH 3 -|-10N2. This is also in agreement with L. Medri’s results. J. A. Wanklyn 
and W. J. Cooper observed that nitrous oxide is not altered by the permanganate 
soln. at 100°; and P. F. Chevillot and W. F. Edwards, that nitric oxide pre- 
cipitates hydrated manganese dioxide and forms potassium nitrate. J. A. Wanklyn 
and A. Gamgec found that nitric oxide is rapidly absorbed and oxidized by 
a cold soln. of permanganate, and the action ih vigorous at 100°. B. C. Dutt 
and co-workers represented the reaction : KMn() 4 -f NO=- KN 0 3 4 Mn() 2 , with 
no intermediate formation of nitrons acid. L. V. de 8t. Grilles, G. Lunge, 
S. Feldhaus, and H. N. Morse and A. F. Linn also observed that in acidic 
soln. nitric oxide, and nitrogen peroxide are oxidized to nitric acid or nitrates — 
some nitrite may be formed. S. Feldhaus, and W. Kubel found that nitrites 
are oxidized to nitrates, but L. P. de 8t. (biles said that alkaline boIh. of a 
nitrite is not oxidized by the permanganate soln. M. Bobtelsky and J). Kaplan 
studied the action of various salts on the reaction with sodium nitrite. 
P. F. Chevillot and W. F. Edwards, and E. Mitscherlich observed that the behaviour 
of nitric acid un the permanganate resembles that of sulphuric acid. According to 
P. F. Chevillot and W. F. Edwards, crystals of potassium permanganate detonate 
vigorously when triturated with phosphorus ; the reaction is more violent if 
assisted by heat. J. W. Slater said that, phosphorus forms potassium phosphate 
when treated with the ]>ermanganatc soln. at ordinary temp., and with a boiling 
soln. some phosphite is formed. F. Junes observed that phosphine is oxidized 
to a mixture of phosphite and phosphate ; P. F. Chevillot and W. F. Edwards, 
that phosphides are oxidized to phosphates ; L. P. de St. Gilles, that hypophosphites 
in alkaline soln. arc not completely oxidized to phosphates ; O. Kiihling. that 
phosphorous acid, and phosphites are oxidized to phosphates ; and J. W. Smith 
utilized the reaction for the detection of the lower oxides in phosphorus pentoxidc. 
J. W, Slater found that hypophosphates arc converted by permanganate to phos- 
phates. P. F. Chevillot and W F. Edwards found that phosphoric aeid, of sp. gr. 
1*80, dissolves potassium permanganate to form a green soln. When arsenic is 
triturated with the Holid salt, the mixture detonates. J. W. Slater, and W. Foster 
observed that powdered arsenic is quickly oxidized by a soln. of potassium per- 
manganate ; F. Jones, that arsine reacts in accord with : 2KMn0 4 -(-AsHg- Mii z O i4 
+K 2 HAs0 4 4-H 2 0 : P. F. Chevillot and W. F. Edwards, that arsenic trioxide colours 
the soln. brown or brownish-yellow, and if« the cone, of the soln. be great enough, 
the liquid is decolorized, and a brown precipitate is formed — L. P. de St. Gilles, 
J. Holluta, R. Lang, 0. Cantoni, F. Feigl and F. Wiener, A. Bose, W. T. Hall and 
C. E. Carlsdn, E. H. »Swift and C. H. Gregory, M. Geloso, A. Bussy, C. Reichard, 
A- Guyard, G. Kessler, R. Lang, W. G. Vannoy, T. Oryng, and M. Travers added 
that the oxidation of arsenic trioxide is complete. M. Bobtelsky and D. Kaplan 
studied the action of various salts on the reaction. G . Bonnet found that potassium 
anenite precipitates a brown manganese oxide ; and D. R. Hale discussed the 
induced reaction between potassium permanganate, sodium arsenite, and ferrous 
sulphate. C. F. Bchlagenhauffen found that arsenic trisulphide is incompletely 
oxidized by potassium permanganate — vide .supra. According to P. F. Chevillot 
and W. F. Edwards, and W. Foster, when antimony and solid potassium per- 
manganate are triturated together, the metal inflames. J. W. Slater found that 
powdered antimony is converted into potassium antimonate by a cold or boiling 
soln. of potassium permanganate ; F. Jones obtained the same product by the 
action of stilrine ; and A. Reynoso, G. Kessler, and A. Guyard, by the action of 
potissivim antimonite. A. Bussy, ( '. Reichard, A. Guyard, and G. Kessler found that 
antimony trioxide is oxidized ; W. Pugh studied the reduction to the tervalent 
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stage by antimonious salts in the presence of fluorides. C. F. Sehlagenhauilcn 
found that antimony trisnlphide is incompletely oxidized by a boiling soln. of 
potassium permanganate, while bismuth bisulphide is completely oxidized under 
similar conditions. B. W. Gerland, and C. Fricdheim found that hypovanad&tes 
are oxidized to vanadates. F. E. Brown and J. E. Snyder observed 1 hat vanadium 
oxytriohloride, hot or cold, has no action on potassium permanganate. 

H. Zochor and II. Kautsky found that there is a faint green luminescence when 
potassium permanganate oxidizes oxydisilin, rhodamine, and other organic dyes. 
H. Moissan found that boron reduces a cold sola, of potassium permanganate. 
1\ (‘. Kay and K. K. Uhattcrji studied the ternary system: potassium perman- 
ganate, potassium fluoborate, and water at 25 and observed that potassium 
fluoborato-permanganate, KBF 4 .6kMn() A , is formed. II. Moissan and S. Smiles 
showed that silicon, prepared by sparking silene, reduces the cold soln. slowly and 
the hot soln. rapidly ; while silane behaves in a similar manner. L. Kahlenberg and 
W. J. Trautmann observed that when a mixture of powdered silicon and perman- 
ganate is heated over the bunsen burner, an explosion occurs. F. Pisani found 
(hat titanous salts are oxidized to titanic salts. According to V. F. Chevillot and 
W. F. Edwards, a mixture of carbon with solid potassium permanganate does not 
take fire when triturated in a mortar, but when heated th" mixture burns like tinder. 
T. Orjmg, and A. Wassennann found that potassium permanganate is readily 
adsorbed from aq. soln. by animal charcoal. There is first a period of rapid adsorp- 
tion, followed by a. slow period during winch the permanganate is reduced. Acids 
accelerate I he rate of removal of permanganate from aq. soln., and the efte^fc increases 
with the cone, of the arid. 8. ('Inez and E. Uuignet found that a boiling soln. of 
the permanganate slowly oxidizes the carbon in gunpowder to carbon dioxide. 
According to V. Meyer and M. von Recklinghausen, H. N. Morse and 11. (1. Byers, 
V. Meyer and E, Saam, und II. Jiirtz and V. Meyer, the reducing action of carbon 
monoxide on soln. of potassium permanganate resembles that witli hydrogen (<y.r.) ; 
and 0. Just and Y. Kauko, that in neutral soln. of potassium permanganate the 
rate of reaction is proportional to the cone, of the carbon monoxide. It was found 
necessary, in order to get effective mixing of the gas and soln., to rotate the 
reaction vessels 5(HX) times per minute. The cone, variations were brought about 
by mixing the carbon monoxide with nitrogen. The reaction in the first place 
occurs between one mol. of carbon monoxide and one mol. of potassium permanga- 
nate, with the probable formation of ail unstable quinquevalent manii.ine.se deriva- 
tive. The influence of temp, was found to be such that an uu n an* of 10 doubled 
the velocity of reaction. F. Durau studied the absorption of carbon monoxide 
and of carbon dioxide by the solid. The bleaching of potassium permanganate 
soln. by percarbonates is due to a reaction which is symbolized: ~>k a C a O„ 
-|-8H a S0 4 4 2KMn0 4 - -2MnS0 4 f 6K a S() 4 -f- 8H 2 0 +-BM 'O a | .dh, and accordingly 
the strength of potassium percarbonate as an oxidizing agent can be determined 
I >y titration of the sulphuric acid soln. with potusMum permanganate. S. Cloez 
and E. (iuignet, and E. Donath and 11. Ditz stated that carbon disulphide 
is oxidized completely to carbon dioxide and sulphuric acid b\ alkaline soln. of 
permanganate, but E. Obach showed that if the disulphide is pu rifled, it does not 
act on the solid salt, or on its neutral or acidic soln. The action with the ordinary 
disulphide is attributed to the presence of hydrogen sulphide, w hich is oxidized by 
the permanganate. E. Allary purified carbon disulphide by treating it with a soln. 
of the permanganate. 

Organic substances can be oxidized by potassium permanganate, and in some 
cases all the carbonaceous matter can be burnt to carbon dioxide and estimated as 
Nurh. The wet combustion process of determining carbon was discussed by 
"■ Warrington and W. A. Peake, 0. F. Cross and K. J. Bcvan, A. 11. Elliott, 
K. Phelps, R. Finkencr, R. E. and W. M. Rogers, C. Brunner, E. Cllgrcn, L. U. de 
Nardo, II. Heidenhain, H. von Jiiptner, F. A. Cairns, etc. According to E. Donath 
and H. Ditz, oxidations with acidic perniangunate soln. arc less energetic than 
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those with alkaline soln. An acidified, cone. soln. of permanganate, at a high 
temp., usually furnishes carbon dioxide and water, but in alkaline soln. oxalic 
acid is usually the final product. T. Macalpine found that hydrated manganese 
dioxide is forified when an alkaline soln. of jiermanganatc is treated with acetylene ; 
and M. Berthelot, that the acetylene is oxidized to oxalic and formic acids and 
carbon dioxide. A. Donath and H. Ditz doubt if formic acid is produced. 
P. Truchot added that ethylene is oxidized by a neutral soln. of permanganate 
to formic acid and carbon dioxide ; (A Fromerz also found that ethylene is oxidized 
to carbon dioxide and water by an acidic soln. of jiermanganate. and, according to 
A. Steopoe. colloidal manganic hydroxide is formed. N. K. Adam and G. Jessop 
studied the action on compounds with ethylcnic bonds. I\ Truchot observed that 
a neutral soln. oxidizes propylene to formic and acetic acids. M. Bert helot found 
that allylene is oxidized by permanganate to oxalic acid, etc. ; and F. and 
O. Zeidlcr, that propylene and other olefines also furnish oxalic acid. The subject 
was discussed by II. S. Davis. 1). A. Iiuv*os and A. W. Nash studied the action 
of pei 111 a nganates on the hydrocarbons; and F, Durau, the absorption of 
methane, ethane, and propane b}t he solid- F. Durau and V. Schmitz mens u ted 
the heals of adsorption. M. Berthelot found that the paraffin hydrocarbons 
are attacked with difficulty by acidic or alkaline soln. of permanganate ; while 
with an acidic soln. benzene is oxidized to oxalic acid and possibly propionic 
acid, toluene, to benzoic acid and another product; xylene, slowly to toluic 
and tereplithalic acids ; and styrene, to benzoic and and carbon dioxide ; while 
C. Frnmhcrz, and M. Berthelot found that turpentine is slowly converted into 
carbon dioxide and water. E. Donath and II. Ditz found that propylene, iso- 
butylene, and axnylene yield oxalic acid. The reaction with benzene was 
studied by T. 11. Norton, and S. Cloez and E. Guignet. E. Donath and H. Ditz 
observed that there is no perceptible action, but dimethylbenzene is jeudily 
oxidized, although toluene is not attacked. L. A. Bigelow studied the oxidizing 
action of permanganate on the side-chains. 8. Cloez and E. Guignet found thut a 
neutral soln. of the permanganate oxidizes methyl alcohol to formic acid and 
carbon dioxide; S. Cloez and K. Guignet, J\ F. Chevillot and VV. F. Edwards, 
W. L Evans and J. E Day, il. Tamm, and T. Morawsky and J. Stingl. ethyl 
alcohol to potassium acetate, and from alkaline soln. E. T. Chapman and 
M. H. Smith, and E. Donath and H. Ditz obtained traces of oxalic acid. 8. S Bhat- 
nagar and co-workers found that the reduction of jH'jmungdiiate by chloral hydrate 
is accelerated by a magnetic field, T. Morawsky and J Stingl oxidized glycerol 
to carbon dioxide and water, \\\ L. Evans and co-workers studied the oxidation 
of ethylene and propylene glycols ; glycolaldehyde, glyoxal, glycollic acid, and 
glyoxylic acid. B. V TionufI and L. S. Nikonova studied the oxidation of the 
amines by permanganate, and A. Buzagh, and K Benedikt and K. Zsigmondy, 
the rate of reaction with chloral hydrate B. V. Tronofl and co-workers studied 
the velocity of the oxidation of alcohol by potassium permanganate The oxida- 
tion of alcohol and ether was observed by E. T. Chapman and W. Thorp, and 
F. Jones; the various stages in the process, by M. Groger; and the catalytic effect 
of platinum-black, by C. F. 8chonbcin. B. V. Tronotf and co workers studied the 
velocity of oxidation of ether. G. B. Frankforter and R. M. West, and J. Holluta 
and co- workers studied the reduction by formaldehyde. W. Eidmann, and 
A. Naumann found that acetone dissolves in a soln. of potassium permanganate. 
W. Herz and M. Knoch found the solubility of permanganate in atj. soln. with p per 
cent, acetone, expressed in S millimols— !KMn() 4 per BK) c.c. of soln., to be ; 

p , 0 .10 2U 40 00 70 NO !>0 100 

,S . 14H 5 102-7 177 3 207-3 310-8 328 0 312-0 227-0 07-0 

L. 1\ de St. (idles found that oxidation of acetone doe*, not occur with a boiling 
alkaline soln. of jiernianguiiute, but M. Berthelot said that it i« oxidized very slowly 
to carbon dioxide and water. The reaction was studied by K. J. Witzcmann. 
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E. von Ooohenhausen represented the reaction: f)(( 1 H 3 .C0.CH 3 )H-2l02 

-f>(C0 2 H) 2 .2H 2 046C0 2 . The reaction was studied by M. Griiger. E. Donatli 
and H. ~Ditz said that some oxalic acid is formed. E. N Prschevalsky examined 
the action of permanganate on the phcnylated fatty acids. According to L. I\ de 
St. Gilles, in the presence of sodium carbonate a soln. of potassium permanganate 
oxidizes formic add to carbon dioxide and water, and the alkaline soln. acts slowly 
when cold, rapidly when boiled. E. T. C’hupman and W. Thorp said that in the 
presence of sulphuric acid the action is slow in the cold : L. P. de St. Gilles said 
that the acidic soln. does riot oxidize formic acid. The mechanism of the oxidation 
of formic acid was discussed by N. Srhiloff. J. liollutu and co workers, W. H. Hatcher 
and (\ It. West, and A. Skrabal and J. Prciss An alkaline soln. of potassium 
permanganate was found by L. P. de St Gilles slowly to oxidize acetic acid. 

L. Gmclm said that an acidic soln. of potassium permanganate oxidizes acetic acid 
very slowly, while K. Monier, (). Unverdorben, HL Rose, and K. T. Phapman and 
W. Thorp said that oxidation does not occur. W. Lossen represented the reaction 
with sodium acetate m alkaline soln. : Nh 0 2 H 3 0.»4 2KMn0 4 ~=2Mn0 2 | (C0 2 K) 2 

| NaOII4 HjiO. A Namnann found that potassium poimanganate is soluble in 
ethyl acetate, and sparingly soluble in methyl acetate. B. V Tronuff and co- 
workers studied the velocity of oxidation of esters. E T Chapman and W. Thorp 
also obseived that propionic acid is not oxidized by .in acidic soln. of the per- 
manganate K. Donath and 11. Ditz observed that oxnlic acid is formed in the 
oxidation of butyric acid, and aIho of succinic acid. L. P de St (biles observed 
that in the presence of an excess of potassium carbonate, Oxalic acid is not oxidized 
by potassium permanganate , M. Berthelot said that with a boiling soln. the 
oxidation to carbon dioxide and water proceeds slowly ; T. Morawskv and J Stmgl, 
that in neutral soln potassium oxalate is oxidized completely , and E Fleischer 
represented the reaction between oxalic acid and a neutral soln. of the per- 
manganate by : HllgCW 2KMti() 4 - 2Mn(’ 2 0 4 -t K 2 ( 2 () 4 \ 10C0 2 | 8H 2 0 ; and 
C, W Henipel represented tne reaction in the presence ot sulphuric acid at to 
10 1 by . 2HMii0 4 | fiH 2 C 2 0 4 f 2H 2 S0 4 -2MnS0 4 4 lOHL { 8lloU. The mechanism 
of the reaction was discussed by A. V. Harcourt, A. V. Harcourt and \V. Esson, 
A Skrabal, R. Ehrenfcld, R. Luther, N. Bchiloff, J V. Witt, R ('. Bancrji and 
N. R. Dhar, N. R. Dhar, R. V Sanyal and N. R Dhar, R M Purkayostha and 
N. R. Dhar, B. K. Mukerji and N. R. Dhar, A, Boutanc. G N. Ridley, G. Scheff, 

M. A. Rozenberg, D. A. Machines, (’. del Fresno, and M. (Jroger. A. K. Bhafta- 
charji ami N. R. Dhar, ami E. Shpolsky studied the effect of ultra-red radiations 
on the reaction. 

The reaction between potassium permanganate and oxalic acid, H 2 (' 2 0 4 , in the 
presence of sulphuric acid, is slow at first, lmt progresses nunc quickly as time goes 
on, and finally proceeds with a fairly uniform velocity It is also found that the 
speed of the reaction is accelerated by the presence ot manganese sulphate, and if 
manganese sulphate be added to the mixture there is no initial aecelciation. Hence 
it is inferred (i) that in the early stages of the reaction manganic sulphate is formed 
very slowly, in accord with: 2KMn0 4 44H 2 S0 4 |4H 2 t 2 0 4 ^K 2 S0 4 4 Mn 2 (S0 4 ) 3 
+8H 2 0 \ 8C0 2 , and possibly, 2KMn0 4 \ 8MnS0 4 | 8H 2 S0 4 5Mn 2 (H0 4 ) d -f 8H 2 0 
4 K 2 8() 4 , and that this reaction proceeds more and more rapidly as the manganese 
sulphate accumulates in the system- period of induction or period of acceleration, 
(ii) That the manganese sulphate unites with the oxalic acid, forming a double com- 
pound supposed to be Mn 2 (S0 4 ) 3 .H 2 t 2 D 4 . This reaction is supposed to proceed 
loo rapidly for measurement, (iii) The double compound decomposes into mangane.se 
sulphate, carbon dioxide, and water by a reaction: Mn 2 (80 4 ) 3 H 2 ( 2 () 4 -»2MnS0 4 
+ H 2 S0 4 -f2C0 2 , which can be readily measured. The last tw’o assumptions are in- 
vented to explain how the reaction in a soln. containing the eq. of KMn() 4 [ 7MnS0 4 
+54H 2 (; 2 0 4 in mols., made up to 160 litres with water at 14°, proceeds as if it 
were unimolecular. Part of the soln. is removed from time to time by means of 
a- pipette, treated with potassium iodide and sulphuric acid, and the separated 
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iodine determined by titration with a .standard soln. of sodium thiosulphate. Let 
a* denote the amount of potassium permanganate decomposed in the soln., at the 
time /, and expressed in terms of the number of c.c. of thiosulphate Holn. required 
to decolorize the iodine in the soln. withdrawn by the pipette ; then a x will 
represent the amount of undecomposed permanganate present in the soln. 
Obviously when f- 0, x - 0, and if A 1 - (1//) log {a/(a r)} : 


t 

0 

12 

25 

30 

46 

54 minutes 

a - i . 

A3- 10 

37 00 

24-93 

27-75 

13-10 

10-25 i\c. “ thio 

/■ 

- 

0 0131 

00131 

0-0)32 

(Hll 32 

0-0132 


Allowing for the errors of experiment, the numbers in the last line indicate that a 
unitnolecular reaction was measured ; the assumption that the molecule of the 
eomplex salt is Miw(S0 4 )j ‘ iHotbOj. is a guess The inference that the unknown 
molecule is formed too rapidly for measurement is made because the speed at which 
it is formed does not interfere with the measurement of the rate at which it decom- 
poses, as evidenced by the numbers in the above table. The inference that the 
manganic sulphate is formed during 1 he early stages of the reaction between oxalic 
acid and potassium jiermanganato is bused on the slow rate at which the colour 
of the permanganate disappears during tin* earlv stages of the titration of oxalic 
acid with potassium permanganate, as contrasted with the rate at which the de- 
colonisation occurs in the later stages, or when manganese sulphate is purposely 
added to the soln. Velocity measurements of the reaction show' the same thing, 
for instance. w T ith the mixture KMn() 4 +r>4H. 2 (\(L made up with water acidulated 
with 10H 2 SO 4 to 160 litres (14 ) ; k- (1/0 log{r/,(n - x)\ : 

1.0 2 5 13 Hi 31 41 59 mins. 

n- jc . (iH-05 07 72 lift • HO 14-30 11-30 h 77 7 00 4 72 i (. tlno 1 

k — 0001 0 003 0 0A2 0040 0 020 0 024 0 020 

The gradual increase in the speed of the reaction up to a maximum corresponds 
with the inference that in the early stages of the reaction something is accumulating 

in the system in Readily increasing quantities. 
The decline m the velocity constant after the 
maximum is reached dries not agree with a 
uni molecular reaction. This means that there 
is not an indefinitely large supply of inAnganc.se 
sulphate available, as was the ease when a 
large excess of this salt w'as purposely added 
to the system, and the amount of the decom- 
posing salt decreases faster than corresponds 
with what would be the case with a uniniolc- 
cular change ; this is because the source of 
supply is exhaust mg as the reaction progresses. 
The progress of the two reactions under consideration is well illustrated by Fig. 58, 
showing the amount of substance transformed in each reaction per unit time. 

M. Jiohtclsky and D. Kaplan measured the speed of decolorization of a small 
amount of potassium ]>crmangAiiate by a known excess of oxalic and sulphuric acids 
in the presence of various salts. The alkali chlorides exert a stronger accelerating 
influence than the nitrates ot sulphates. The order of decreasing acceleration with 
the sulphates is Li>Mg>NH 4 >Na ">K. Ammonium nitrate exerts a marked 
acceleration, sodium nitrate ih ineffective, and potassium nitrate retards the action. 
The action of the chlorides is the most sensitive towards changes of temp., and the 
act ion in increasing magnitude is NFI 4 ( 1 <r K( 'I <Ba( % <' 8r( \ <CaCl 2 <Mg01 2 
<A1( , I :1 . The nitrates are feebly sensitive towards temp, changes; and the sul- 
phates arc paTtly feeble and partly moderate. Salts which are sensitive towards 
changes of temp, are also sensitive to changes of concentration, except in the case 
of ammonium nitrate, which is sensitive to changes of concentration, but only 
feebly so with respect to temp. The order of decreasing cone, senaitive- 
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ness is AlCl3>0dSO 4 >M R Cl 2 ->ZnC] 8 >ZnSO 4 >KCl>NH 4 Cl>NH 4 NO 3 >Naa 
>(NH4) 2 HP0 4 : the salts with a feeble action are LiJS() 4 >MgS0 4 > K 2 S0 4 
>(NH 4 ) a S0 4 >Na 2 80 4 > KN0 3 *>NaN() M- >( 'I 2 >Bh CL. According to 
K. Schroder, some of the oxides formed in the reduction of potassium permanganate 
may be reoxidized by atm. oxygen. E. Muller mid H. Kogert studied the electro- 
metric titration of oxalic acid with potassium permanganate. C. Fromherz said 
that an acidic soln. of potassium permanganate oxidizes tartaric acid to formic 
acid, carbon dioxide, and water : C 4 H tt 0 6 | 30 -2ir 2 C0 2 H 2( , 0 2 +lL(). E. Donath 
and H. l)itz observed the formation of some oxalic acid The reaction was also 
studied by E. T. Chapman and W. Thorp, A N. Dey and N. R l)bnr, A. K. Bhatta- 
charji and N. R. Dhar, W. (I. Vunnoy, and E. Monier , with soln sat. with 
potassium hydroxide H. Hose observed that tartaric* acid forms a green soln. with 
potassium permanganate; and with u neutral soln. E. Fleischer found that 
manganous tartrate is formed, and h P. <le St (iil)es reduced the and to carbon 
dioxide and water. E. Monier observed that the action with acid permanganate 
is very slow S S Bhatnagar and co-workers found that the reaction is accelerated 
in a magnetic field H. Rose found that racemic add behaves like tartaric acid 
in the presence of an alkaline soln. of the permanganate. A. K. Bhattacharji and 
N. R Dhar, and B. K. Mukerji and N. R Dhar studied this photochemical reaction. 
K Donath and H. Ditz observed that with lactic add some oxalic acid is formed. 
A K. Bhattacharji and N /?. Dhar studied the action of light and of ultra-red 
radiations on the reduction. A. N Dey and N. R Dhar, Y Nubia lmianyan, and 
T E Fnedemann and co-workers, studied the reaction h P de St (biles showed 
that in acidic soln. malic add is oxidized to carbon dioxide and uater ; E. Monier 
found the reaction very slow. W H Hatcher and (\ R. West found that formic 
arid occurs as mi intermediate piodurt in the oxidation of malic, maleic oxnlacctic, 
fumarir, malonie. tartaric, lactic, and glycollic acids and glycol. L P. dr St. (biles 
observed that at 80° citric acid is oxidized lo acetone, carbon dioxide, and water 
by an acidic soln. of permanganate ; A. N Dey and N. R. Dhar, A. K BhuHnchurji 
and N R Dhar, and E. Monier also studied this reaction. Fromherz iouiul that 
an acidic soln. of permanganate is reduced to a brown hydrated manganese oxide 
by stearic add and oleic acid. E. Monier observed that a neutral and an acidic 
soln. of permanganate easily oxidize tannin, gallic acid, and pyrogallic acid. 
R Bott.ger found that when tannin or gallic acid is triturated dry with potassium 
permanganate, the mixture inflames. P. Kubelka and E. Novegjarto, and 
B. V. Tronoff and A. A. Grigorieva studied the oxidation of salts of benzoic acid 
and of other organic adds by permanganate; E. M. Stoddurt, cinnamic acid ; 
T. B. Douglas, sodium thiophenolate ; and H. Y. Tronoff and A. A. Lukanin, 
the effect of neutral salts on the velocity of oxidation of organic substances by 
permanganate. 8. Cloez and E. (Juignet found that a neutral soln. of per- 
manganate oxidizes urea with difficulty; while J. A. Wanklyn and A. Gamgee 
found that with a boiling alkaline soln. urea is oxidized, yielding 22 per cent, of 
its nitrogen as ammonia, and in a sealed tube at 160° to 220' very little ammonia 
is formed and free nitrogen is produced. E. Monier found that the oxidation is 
very slow in acidic soln. A. Claus found that un alkaline soln. of permanganate 
oxidizes uric add to carbon dioxide and allantoin. P. F. Chevillot and 
W. F. Edwards oxidized sugar by alkali permanganate, and E. Monier, and 
F, Jones found the action very slow in alkaline soln. ; and S. L. Ridgway, 
the action on glucose in acidic solu. E. Donath observed that some oxalic 
acid is formed by the action of cane-sugar, grape-sugar, lactose, and dextrose. 
E. J. Vitzemann studied the oxidation of dextrose ; t\ W. R. Powell, 
sucrose ; S. 8. Nametkin, unsaturated organic compounds ; F. Dllmann and 
J. B. Uzbachian, derivatives of benzoic acid ; J. Hetjier, sugars, phenols, hydroxy- 
acids, and alcohols Various other organic substances have been oxidized — e.g. 
with alkaline soln. of permanganates 0. F, Mohr oxidized starch, and P . F. Chevillot 
and W. F. Edwards, gum and paper ; and with acidic soln. t\ Fromherz oxidized 
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gum, paper, anti mod-fibre ; 0. Fester and 0. Brudc, paper and other organic 
substances ; 9. G. Simpson, filter-paper ; and E. Monier oxidized yum, dextrine, 
and fate ; and V. Froinlierz oxidized camphor, resin, glue, and olive oil. 
I\ F. Chevillot and W. F. Edwards found that a mixture of lycopodium and solid 
potassium permanganate takes fire when treated with sulphuric acid. I). Vorlander 
and co-workers found that acyl derivatives are oxidized readily in acidic soln., 
but not so easily in alkaline soln. A. W. Hofmann, 1. Guareschi, and S. does and 
E. Guignet discussed the oxidation of organic sulphur compounds, and E. Donuth 
and H. Ditz found thiophene is readily attacked by a 2 ]>er cent, alkaline soln. of 
permanganate. The alkaloids arc oxidized by acidic soln. of permanganates — 
thus, 0. Fromherz oxidized morphine ; E. Monier. quinine, and caffeine ; G. Kerner, 
quinine ; E. Caventou and E. Willm, Z. If. Skraup, and 0. Hesse, cinchonine ; 
and 7j. H. Skraup, cinchonidine. D. Voilandei arid co-workers found that amines 
are oxidized by acidic and alkaline soln. of permanganates. J. A. Wanklyn and 
A. Gamgee oxidized aniline. Other organic nitrogen compounds were oxidized by 
acidic mhi—e.y. C Fromherz oxidized vqy albumin, fibrin, and the red colouring 
matter of blood : and D. Yitali, annual tissue. A. Nauinann found that potassium 
permanganate is soluble in benzonitrile. K. J' Bell, and L. R. Kassel and 

N. K. Schaffer studied the velocity of the reaction at the liquid-liquid interface 
between a soln. of henzo-o-toluidide in benzene and an aq. soln of potassium per- 
manganate. According to H. C'loez and E. Guignet, cyanogen is oxidized bv cold 
neutral soln. of potassium permanganate to fomi potassium nitrate, and simdurly 
with hydrocyanic acid, which L. V. do St. Gilles oxidized to cyanic acid in alkaline 
soln., but he did not oxidize the hydrocyanic acid m acidic soln. K. Frcdonliagcn 
found the electrical conductivity, A, in hydrocyanic arid to be for a mol of the salt 
in v litres : 

v . . -V534 8-890 23 4(1 104 5 JUii-O J329 

A. . 1421 214-1 2(>;i 310.» 340-2 3110 

L. Kahlcnberg and H. Schlundt gave for soln of a mol of salt in 5-5, 23-4, 104-5, 
and 1329 litres of liquid hydrogen cyanide the values A —142, 201, and 31 1 respec- 
tively. L. P. de St. Gillcs, and T. Morawsky and J. Htingl oxidized thiocyanic acid 
to cyanic and sulphuric acids in alkaline soln., and with acidic soln. E A. Hadow, 
E. Erlenmcyer, and L. P. de St. Gilles oxidized thioevame and to hydrocyanic 
acid and potassium sulphate, and similarly with thiocyanates in alkaline soln. 

M. Bobtelsky and 1). Kaplan studied the action of various salts oil the reaction. 

C. F. Rchonbein, and R (\ Campbell oxidized potassium ferrocyanide to fern- 
eyanide in acidic soln., and S. Cloez and K. Guignet in alkaline soln., but potassium 
lerricyanide was not changed. S does and E. Guignet iound that writh cold 
alkaline soln. sodium nitroprusside furnishes potassium nitrate. F. C. (divert 
observed no special antiseptic properties on fungoid growths. 

W. Foster found that all the common metals- c q. yaw c, and magnesium — reduce 
acidulated soln. of potassium permanganate, but dil. neutral soln. are reduced as 
well, even by finely divided gold, platinum, and tungsten. W. B Giles observed 
that copper does not attack soln. of potassium permanganate, but F. Fischer, and 
M. C. Schuyten found that a dil. sulphuric acid soln is j caddy reduced by copper. 

O. Fricdheim, V. Meyer and M. von Recklinghausen, and W. Foster found that 
silver, gold, and platinum also do so. W. CVookpfl observed that hot soln. of 
potassium permanganate attack magnesium very slowly ; and L. L. de Koninck 
found that potassium permanganate is not attacked by purified zinc, even in the 
presence of sulphuric acid, but it is attacked in the presence of ferrous salts or 
nitrir acid. W. B. Giles also observed that zinc exerts no appreciable action 
on the soln. during 2 months’ exposure. C. Boulanger observed the action of 
zinc on manganese salts P. F. Chevillot and W. F. Edwards, W. B. Giles, 

D. Borar, and W. Foster found that mercury decolorizes a soln. of the per- 
manganate. and is at the same time oxidized, forming, according to W. B. Giles, 
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mercurous oxide in the cold, and mercuric oxide when boiling. A. GawalowBky 
observed that in the presence of mercury a soln. of potassium permanganate 
gradually turns deep bluish-violet, and if potassium hydroxide bo present, some 
potassium manganate is* formed, and if only a small proportion of the alkali- lye be 
present, a potassium mercury manganate and a black deposit of a mercurous 
manganate are formed. According to A. S. Russell and 1). (\ Evans, all metals more 
electropositive than mercury, except cobalt, go rapidly into soln. as sulphates, 
without the accompaniment of mercury, when their amalgams are shaken with a 
soln. of potassium permanganate in dil. sulphuric acid. W. Crookes found that a 
soln. of permanganate is attacked by aluminium very slowly when hot, while 
thallium attacks the soln. in the cold. V. Hhulcikin and X. Solovova measured the 
radiation of heat in the thermite reaction with aluminium. 0. Boulanger observed 
the action of aluminium on niangunese salts. W. Foster noted that the soln. is 
reduced bv tungsten. M. A Parker and H. P. Armes found that in the reduction 
of an acidic soln of potassium permanganate by iron there is a definite relationship 
between the extent of the reduction and the strength of the field. 

I). Nishulu and K Hirabayaslu found tin* oxidation of cuprous oxide by 
potassium permanganate in ,‘JA- to bjV-HnSO*, at room temp., is quantitative: 
2KMnOj 4 1 ULNO, j r>Cu 2 0 IOPuSO* | I3H 2 () | 2MnS0 4 -4 2KHS0 4 . M. Bobtel- 
sky and J) Kaplan studied tlie effect of various salts on the reaction between potas- 
sium permanganate and silver nitrate. D. Ualarcff and co-workers discussed the 
adsorption of permanganate by barium sulphate. (’ W. llernpel found that a soln. 
of the permanganate oxidizes mercurous salts to mercuric salts ; and E Carstunjen, 
and .1 E Willm iound that thallous salts are quantitatively oxidized — mdi 1 infra . 
In hot hvdrot hlonc acul soln. the reaction is symbolized : fiTUI -)-2KMn0 4 -[ 10HC1 
r»Tin, i 2Mnrh I 2KC1 * HH 2 0, A. .1 Berry did not obtain a quantitative 
oxidation in Mil pit uric acid soln. According <o A. Reynoso, stannites are oxidized 
by potassium peununga uute to stannates, and plumbites to plumbatcs. A. E Has- 
wcll found that lead salts, m the presence of zinc or mercuric oxide, are oxidized 
to form lead dioxide. According to B (\ Brodie, E. T. Allen, (\ F. Sehdnbein, 
and H N. Morse and co-workers, lead dioxide, in the presence of nitne acid, can 
precipitate the manganese completely from the soln. : 2HMn0j ] 3Pb0 2 ~ 2Mn0 2 
t 31*1)0 f '3() 2 ( H 2 (). This reaction shows why in using W. Crum’s process for 
oxidizing manganous salt soln. to permanganate— nde supra — for the detection 
of manganese it is necessary to work with a large excess of lead dioxide and a small 
pioportion of manganese salt. S. (Inez and E. Guignct found that precipitated 
and washed hydrated chromic oxide is converted in the cold into a chromate ; 
while E. Boldig found that calcined chromic oxide is similarly oxidized when the 
liquid is boiled A Reynoso, and E. Donath obtained a similar result with chromic 
salts. H. A. Fales and P. S. Roller found t hat the reduction of Mn(V by (V" at 
25*1° in sulphuric acid soln. is nutocutalytic and closely resembles the reduction 
of the permanganate by many organic acids. There is formed a sulphuric acid 
complex of Mn * " and Mn”. Oxidation by the latter is indirect in virtue of its 
unimolecular disengagement from the complex and its subsequent decomposition 
into Mn' ", which oxidizes (V" rapidly. The temp, eoeff. of the unimolecular 
reaction is 4-OJ between 2fi° and 35°. Mn"" also reacts with Mn”, thus reverting 
to non-reactive Mn' In the interaction between Mn” and Mn() 4 ' in acidic soln., 
the relative proportion of Mil"" to Mil ' increases as the ratio of Mn” to Mn0 4 # 
decreases. P. A. Tscheishwily found that chrome alum soln. are rapidly oxidized 
by permanganate. U. Forchhammer observed that manganous carbonate sus- 
pended in alkali-lye changes to green the red colour of a soln. of potassium per- 
manganate, and a manganic salt is formed. M. (Jeloso and P. Dubois considered 
that the reduction of permanganates by manganous salts docs not form a definite 
compound, but there is rather a continuous variation in the degree of oxidation 
of the pseudo -dioxides which are formed. Calcium carbonate neutralizes the acid 
which is formed, and part furnishes insoluble manganese carbonate. It also 
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exerts a surface effect. The equation ueed by A. Guyard, and J. Volhard for 
titrating soln. of manganous sulphate with jHitassium permanganate is : 
3MnS0 4 +2KMn() 4 4 2H 2 0^5Mn() 2 4 K 2 S0 4 H- 2H 2 80 4 . Observations on the sub- 
ject were made by R. T. Colgate. According to II. Haubigny, the precipitation 
of manganese dioxide from an acid soln. of s manganous salt by potassium per- 
manganate depends on the acidity, on the rone, of the salts, and on the temp. 
The presence of the acid retards the precipitation and may even completely prevent 
it. The amount of manganic salt which remaias dissolved increases with the cone, 
of the acid, but diminishes as the temp, rises. The precipitate consists solely of 
manganese dioxide and contains no manganic oxide. W. M. Fischer noted that 
the tit re of a standard soln. of potassium permanganate obtained by ferrous salts 
with oxalates is not the same as it is with a manganous salt. E. Divers attributed 
the difference to the fact that the precipitate contains less oxygen than is required 
for manganese dioxide, owing (i) to the adsorption of some manganous salt, 
and (ii) to the co-precipitation of some manganic acid: 4Mn ' f Mn() 4 ' I HH' 
=-5Mn** -| 4H 2 0, followed by 2Mn ' — Mn‘ ; some of the manganic ions 
escape the latter change and react: Mn'" +-30H'— Mn(01I) a To neutralize any 
acid formed in these hydrolytic changes, zinc oxide is added ; this is said to prevent 
any precipitation ot manganic hydroxide and adsorption of manganous salts by 
the precipitated manganese dioxide. E. Cahen and H F. V. Little recommended 
zinc sulphate and oxide ; and B. Reinitzer and I*. Conrath, sodium acetate and acetic 
acid ; and P. B. Sarkar and N. R. Dhar showed that almost any other cation can 
be employed in place of zinc, and likewise also I. M. Kolthoff, who represented the 
reaction: 3Mn +2Mn0 4 '-f 2H 2 0=5Mn0 2 +4IT ; or 3MnR0 4 +2KMn() 4 4 2H 2 0 
=5Mn02-f2H 2 S04+K 2 S() 4 , as represented by A C. Sarkar and J M Dutta. 
J. Holluta and J. Obrist found that the reaction with manganous fluoride 
can be symbolized: Mn0 4 '+4Mn ‘+8H'— 5Mn '4 4H 2 0. A. Gorgeu said that 
he never observed the evolution of oxygen or chlorine in the action of man- 
ganous chloride on potassium permanganate, but J. 0. F. Druce pointed out that 
oxygen is evolved when a cone. soln. of manganous sulphate is added to a sat. 
soln. of solid potassium permanganate ; and with barium permanganate much 
oxygen is given off : MnS0 4 +Ba(Mn0 4 ) 2 — BaS0 4 } Mn 3 0 4 4-20 2 ; and with cone, 
soln. of manganous chloride and potassium permanganate, chlorine is evolved : 
2MnCl 2 4-2KMn() 4 -2KC1 + 4Mn0 2 4-Cl 2 . According to J. Heyrovsky, some dwi~ 
manganese or rhenium is evolved with the chlorine. M. Bubtelsky and D. Kaplan 
studied the action of various salts on the reaction between potassium permanganate 
and manganous sulphate. The reaction was also studied by N. R. Dhar, and 
J. (t. F. Druce. The action of manganese dioxide on soln. of permanganates has 
been discussed in connection with permanganic acid and the action of hydrogen 
on the jtermanganates. G. Rapin, and R. T. Colgate made observations oil the 
subject. 

W. C. Birch, B. Suzuki and C. Hamada, and E. Muller and H. Mollering studied 
the reduction of permanganate by terroos salts. Y. Ono compared the simultaneous 
oxidation of ferrous salts and manganous salts in soln. by potassium permanganate. 
The ferrous salt oxidized nearly twice as fast as the manganous salt. M. Bobtelsky 
and D. Kaplan studied the action of various salts on the reaction ; and F. L. Hahn 
and M. Frommer, the electrometric titration. M. A. von Reis and F. Wiggert, 
and C. Winkler found that oobaltoos salts can lie oxidized to cobalt ic salts by 
permanganate. Numerous other salts can be oxidized to a higher state of oxida- 
tion, as indicated above in connection with permanganic acid, c.g. ferrous salts, 
and molybdio salts were found by I. Macagno to be converted into molybdates. 
The oxidizing reactions are utilized in numerous volumetric processes of analysis. 
M. Berthclot also utilized permanganate as an oxidizing agent for deducing heats 
of oxidation, etc. 

A. Gorgeu found that if a soln. of 100 grins, of potassium hydroxide, 10 gnus, 
of potassium permanganate, and 75 grms. of water be boiled until oxygen is no 
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longer evolved, and the soln. diluted with 150 to 200 grms. of water, and then 
mixed with 1 to 2 grins. of potaHsiuin permanganate, the liquid, on cooling and 
standing over cone, sulphuric acid, or in vacuo, deposits six-sided monoclinic plates 
which can be drained on porous tiles and dried at l(Hf. H. de Senarmont found 
for the axial ratios of the crystals a : b : c - 1 *7 1 76 : 1 : 1 -3570, and /8~ 1 14° 39'. The 
analysis corresponds with potassium manganatopermanganate, K 2 Mn0 4 .KMn0 4 . 
The crystals form a violet soln. with a 20 per cent. soln. of potassium hydroxide. 
Baryta-water added to the soln. gives a precipitate of barium mangauatc and a red 
soln. of potassium permanganate ; and the salt behaves towards acids like potassium 
manganate. 

W. Muthmann obtained crystals of rubidium permanganate, KbMn() 4 , from the 
soln. obtained by treating barium permangnnute with rubidium sulphate. E. Moles 
and M. (Vespi obtained the salt from a soln. of 5 grms. of potassium permanganate 
in 4-1 grms. of rubidium nitrate in 75 c.c. of water at 60° and cooled to 0°. They 
obtained K- 1-556 for the velocity of decomposition -- vide supra , potassium per- 
manganate. W. Muthmann found that the rhombic bipyramids have the axial 
ratios a :b:r 0-831 1 : 1 : 0-6662. T. V. Barker gave for the topic axial ratios 
X : iff .a>- 4*0323 : 4-8517 : 6-4639. Fur the isomorphism with the potassium salt, 
discussed by F. Rinne, W. Muthmann and (). Kuntze, and ft. Tammaun and 
A. Sworykin, vide Fig. 54 E. Moles and M. (Vespi gave 3-23 for the sp. gr. ; and 
W- Mutlimann gave 3*2348 for the sp. gr. and 63*228 for the mol vol The subject 
was discussed by A F. ifallnnond. 1. I. Saslawskv gave 3-13 for the sp. gr., and 
calculated the contraction which occurs in the formation of the salt from its elements. 
E. MoIch and M. (Vespi found that the salt decomposes at 295° with the evolution 
of oxygen. W . Muthmann prepared ceesium permanganate, ( VMn0 4 , by t he method 
employed for the rubidium salt ; and R. ,1. Meyer and H. Best, from the liquid 
obtained hv treating silver permanganate with caesium chloride. IS. Moles and 
M (Vespi obtained the salt from u soln. of 3-2 grins, of potassium permanganate 
and 4 grms. of cuesiuin nitrate hi 50 c.c. of water at G0' J and cooled to O’. They 
found K 1-628 for the velocity of decomposition vide supra, potassium per- 
manganate, W. Muthmann found that the dark violet, rhombic, bipyramidal 
crystals have the axial ratios a : h : r 0-8623 : 1 : 0*6853. T. V. Barker gave for 
the topic axial ratios y : 0 : io 4*2555 : 4 *9009 : 6*7167. W Muthmann gave 
3-5974 for the sp. gr., and 70-042 for the mol. vol. The subject was discussed by 
A. F. Hallimond. I. I. Susluwsky gave 3-55 for the sp. gr., and he calculated the 
contraction which occurs in forming the salt from its elements. E. Moles and 
M. (Vespi gave 3-59 for the sp. gr., and found that the salt decomposes at 320 with 
the evolution of oxygen. W. Muthmann found thut the crystals of rubidium 
and caesium permanganates arc isomnrphous with those of potassium sulphate ; 
and T. V. Barker, V. Rinne, and ft. Titmmunn and A. Sworykin discussed the 
isomorphism with the perchlorates. W. Muthmann found that the two salts are 
sparingly soluble in cold water, and freely soluble in hot water ; tin* solubility of 
the rubidium salt is between that of the potassium suit and that of the caesium 
Halt. A. M. Patterson gave for the solubility, #S grms. in UK) c.c. of sat. soln. : 

AbMilOj ChMiiI > 4 

\ / ” — A 

2" h)° CM) 1° 11)° r»«r 

# . . CM0 i on 4 0H 0-097 0-23 1-23 

' E. Mitscherlich, and H. Aschoff obtained deliquescent copper perma n ga n ate, 
Cu(Mn() 4 ) 2 .8H 2 0, from the. soln. obtained by the action of cupric sulphate on 
barium permanganate. E. Moles and M. (Vespi prepared the copper salt by 
treating a soln. of copper chloride with silver jiermanganate and evaporating for 
crystallization. The trihydratc is very deliquescent. The sp. gr. of the salt is 
neur 2-87 ; and it decomposes with the evolution of oxygen at 75°. E. Pfliiger 
measured the absorption spectrum of dil. soln. of the salt. I. 1. Saslawsky found 
the sp. gr. to be 2*87, and lie calculated the contraction which occurs iu forming 
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the salt from its elements. T. Klobb prepared copper amminoperman- 
fanate, which was not analyzed ; and the copper pyridinopermangan&t e , 
Ou(Mn() 4 ) 2 .4( 5H5N. E. Mitscherlich obtained fine crystals of silver permanganate, 
AgMn0 4 , by cooling a warm soln. of silver nitrate and potassium permanganate, 
but J. W. Retgers could not confirm this, and he obtained the silver salt 11s a black 
precipitate by mixing soln, of silver nitrate and potassium permanganate. E. Moles 
and M. Crespi, and G. Heikel used a similar process, ,T. Dewar and A. Scott said 
that the best way of making the salt is by crystallization from the soln. remaining 
after mixing barium permanganate and silver sulphate soln. The salt crvstullizes 
well from hot water; the crystals are stable and not hygroscopic. 1 1. Naslawsky 
gave 4-27 for the sp. gr. of the salt, and he calculated the contraction which occurs 
in forming the salt from its elements. E. Mitschcrlich found that the monoclinic 
prisms have the axial ratios a : b : c “1*4894 : 1 : 1*3703, and ft 93' 37'. W. Bussem 
and K, Herrmann examined the X-radiograins of the monuclmic crystals, and found 
their unit cell has 4 mols , andu— 5-06 A , b- 8-27 A., and< 7*12 A The structure 
resembles a slightly deformed KMn0 4 lattice. The calculated density is 4*49. 
J. Atf. Retgers assumed that a rhombic, labile form exists. E. Moles and M (Vespi 
found that the sp. gr. is 4*27 ; and that the salt decomposes at J J0 f with the evolu- 
tion of oxygen. They found K- 0-183 for the velocity of decomposition* vide 
mpra , potassium permanganate. A. Lehmenn discussed the reaction. A. Sieverls 
and II. Thebcrath represented the reaction AgMn() 4 -AgMuOj \ 0 at 30 and the 
reaction follows the rule dx/dt - kx(a -r) The decomposition product, the nature 
of which has not been established, accelerates the reaction proportionally to it* 
mass. The constants of the decomposition velocity of the various preparations 
are different. The presence of water has a very strong influence on this reaction. 
Dry silver permanganate decomposes very slow ly, even at 30 , but small traces of 
w'ater increase the decomposition velocity very much, whilst larger additions of 
water have little further influence. The addition of powdered pumice and the 
decomposition product of the reaction changes only the initial velocity. Temp, 
has a very marked influence on the reaction. At 0 , even in the presence of water 
and the decomposition product, the decomposition does 1101 take place. At 50° 
the decomposition process is no longer represented by the same equation aH at 
30' ; the is curves for 50* are characterized by a long, almost straight line. At 
30° an increase of 20 c in the temp, of reaction causes the initial velocity to increase 
from 12 to 20 times, the mean velocity between 19 per cent and 38 per cent, decom- 
position. 6- 1--7-6 times, and between 38 per cent and 57 per cent, decomposition, 
3 , 4-4 , 3 times. ('. N. Hinshelwood and E. J. Rowen found a period of acceleration 
in the thermal decomposition of the salt. According to E. Mitscherlich, 100 parts 
of water dissolve 0-917 part ot the salt. E. Franke found the electrical con- 
ductivity, A, of un eq of the salt in e litres of water at 23 1 to be : 

v . .04 128 250 512 1024 

A . . 100 3 109-4 110*9 112 0 112 7 

E. Mitscherlieh found that the salt can lie recrystallized from moderately warm 
soln., but it is decomposed by boiling wrater. A. Gorgeu said that the salt decom- 
poses slowly in air, and in the presence of water, being slow at ordinary temp., but 
faster at 100° in the presence of w'ater. At 135° the decomposition is attended 
by incandescence. According to A. Gorgeu, when hydrogen dioxide is added 
very slowly to a sat. aq. soln. of silver permanganate, a brown precipitate forms 
gradually until the liquid is decolorized. The reaction is represented by the 
equation : 2AgMn0 4 *+3H 2 0 2 =- Ag 2 0.2Mn0 2 -f 3H 2 0+30 Z . The precipitated silver 
manganite is rapidly attacked by excess of hydrogen dioxide. Hydrochloric acid 
is oxidized by the salt to form chlorine ; it is reduced by oxalic acid, ferrous salts, 
and arsenious acid, losing part of the oxygen as a gas. J. Krutwig found that 
chlorine decomposes the warm salt vigorously, forming silver chloride, manganese 
dioxide, and oxygen. T. Klobb could not prepare an am mine by the direct action 
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of ammonia, but he obtained silver diftmrninopennanganate, AgMn0 4 .2NH a , by 
adding cone. aq. ammonia to a soln. of a mol of potassium permanganate in water 
at 10°, and adding a mol of silver nitrate dissolved in ten times its weight of water. 
The crystalline precipitate is washed with ice- water and dried over calcium oxide. 
The violet powder consists of microscopic rhombic plates, sparingly soluble in 
cold water, more soluble in hot water. The salt explodes by percussion ; and 
on exposure it gradually decomposes, with the loss of ammonia. G. Bruni and 
G. Levi also prepared diver triamminopermanganate, AgMn0 4 .3NH 3 . T. Klobb 
also prepared the silver pyridinopermanganatra f AgMn0 4 .2(^lI 5 N and 

2 AgMn() 4 .f)C 5 H 5 N. 

K. Mitscherlicli found that no salt is precipitated when soln of potassium 
permanganate and barium chloride are mixed ; but E. Fleischer observed that if 
the mixed solu. is boiled, a reddisli-violet precipitate is slowly formed, while the 
soln. remains violet. The precipitate can lie washed with water and dried at 100 1 ', 
but if the product be heated further, its colour fades, and finally becomes greyish- 
brown. without showing any sign of the formation of an intermediate green man- 
gannte. If the salt is mixed w'lth 20 per cent, barium hydroxide and heated to 
redness, a bluish-green pigment is formed. According to L. (irnelin, an aq. soln. 
of potassium permanganate yields with baryta- water a violet, mixture, which 
ultimately becomes colourless, and deposits a blue precipitate. This precipitate 
retains its colour when washed and dried. The blue colour suggests that it is a 
mixture of barium manganate and permanganate. When it is decomposed by dil. 
sulphuric acid, it yields permanganic and and a precipitate of hydrated manganese 
dioxide. H. AsrholT. however, said that a soln. of potassium permanganate and 
baryta* water, when allowed to stand a long tune, deposits Tnicioscopic crystals 
of barium manga nut c E. Mitscherheh, K Wohler, and ('. Eronihcrz prepared 
barium permanganate, Ba(Mn0 4 ) 2 , by passing carbon dioxide into water with 
barium iiiungiinute in suspension and evaporating the filtered soln. for crystalliza- 
tion R. Britt ger used hot water. H. Aschoff added that the process is slow and 
tedious, and the carbon dioxide is not without uction on the barium permanganate 
w hich is formed, li. Aschoff obtained crystals of the permanganate from the soln. 
obtained when silver permanganate is treated with the calculated quantity of 
barium chloride. G. Rousseau and R. Bruneau treated a sat. soln. of potassium 
ptrnmnganate with hydrofluosilicic acid, and saturated the liquor, filtered through 
asbestos, with milk of baryta ; the dissolution of the baryta is followed by the pre- 
cipitation of some barium fluosilieate. The soln. after standing half an hour 
ia decanted and evaporated for barium permanganate. The preparation of the 
alkaline eurth permanganates was described by R. E. Wilson and co-workers. 
E. Moles and M. Grespi obtained burium permanganate from a soln. of 3*ti2 grins, 
of barium chloride in f)0 c.c. of water and 8 grins, of silver permanganate. The 
filtered soln. w’as evaporated for crystallization. W. Muthmunn recommended 
the following process : 

100 grms. of potassium ]>crmun gannte arc treated with 140 grins, of barium nit rule 
dissolved in ] fi hlroH of boiling water, and barium hydroxide is added in portions of 20 grins, 
until no further evolution of oxygen takes place. The whole is then warmed until the 
soln. has become colourless, the precipitate of barium manganate (containing also some 
dioxide and carbonate) is collected, washed five times by decantation with fi litre# of 
boiling water, collected on the filter-pump, washed ten times more with boiling water, 
suspended in a litre of water, and carbon dioxide and superheated steam passed into the 
mixture for 10 hrs. The soln. is then filtered twice through un asliestos filter ; it coutaius 
tS5 to 80 grms. of barium jwnnanganuto. 

E. Mitschorlich said that the acicular crystals are almost black, and arc stable 
in air. The rhombic crystals are isomorphous with those of anhydrous sodium 
sulphate aud sclenate, as well as with silver permanganate. I. 1. Basluwsky gave 
3'77 for the sp, gr., and ho calculated the contraction which occurs in forming 
the salt from its elements. E. MoleB and M. Greapi found that the sp. gr. of the 
salt is 3-77 ; and it decomposes at 220° with the evolution of oxygen. The velocity 
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constant is A=0*088 — vide supra, potassium permanganate. E. Franke found 
the electrical conductivity, A, of an eq. of the salt, JBa(Mn0 4 ) 2 , in t> litres of water 
at 25° to be : 

V . . ;j 2 til 128 250 512 1024 

A . . 87 02 93-80 98-00 101-3 105-6 107-3 

C. From he rz said that the red, aq. soln. with baryta-water forms a violet 
liquid, which after a tune loses its alkaline reaction and on evaporation below 60° 
furnishes green barium manganate. According to A. Gorgeu, if hydrogen dioxide 
is added to a neutral soln. of barium permanganate, a brownish-yellow precipitate 
is formed, which contains all the barium, chiefly in the form of manganite, but with 
a small quantity of the manganate. If the permanganate is previously mixed 
with 2 to 4 eq. of barium hydroxide in soln., all the barium is precipitated in the 
form of the deep blue manganate on addition of hydrogen dioxide. An excess of 
hydrogen dioxide exerts a powerful reducing action on the manganate and a feebler 
action on the manganite. 

E. Mitscherlich prepared strontium permanganate, Rr(Mn() 4 )o.H 2 0, by the 
method employed for the barium salt ; and H. Aschoff obtained it by evaporating 
the soln. obtained from the action of strontium chloride on silver permanganate. 
I. I. Raslawskv gave 2-60 for the sp gr., and he calculated the contraction which 
occurs in forming the salt from its elements. The crystals are deliquescent. 
E. Moles and M (’respi obtained the salt from a soln. of 2-1 4 grins of dihydrated 
strontium chloride and 5 grins, of silver ]x*rnianganate in 25 v c. of water. The 
sp. gr. is 2*75 ; and the suit decomposes at 175° with the evolution of oxygen. 
C. Fromherz said that the violet aq. soln. becomes pale green when treated with 
an excess of strontium hydroxide. E. Franke found that the electrical con- 
ductivity, A, of a .soln. of an eq of the salt, |Rr(Mn0 4 ) 2> in v litres of water at 25° is ; 


v . 04 

128 

25ti 

512 

1024 

A . . 1010 

104-7 

107-ti 

109-0 

no 3 

E. Mitschejlich. 

and If Asi hoff 

prepared 

calcium 

permanganate, 


CafMnOiL 511 d), by the methods just indicated for the strontium sail. E. Delaurier 
also obtained it by the prolonged heating of calcium manganate in air. E. Moles 
and M (Vcspi used the process they cmplm ed for the strontium salt. The Ohemischc 
Fabrik (iricsheim Elektron obtained by electrolyzing m a diaphragm cell a soln. 
of an ulkali manganate or permanganate together with a non-alkali metal hydroxide 
or halide. I I, Saslaw\sky gave 2-4 for the sp. gr., and he calculated the contraction 
which occurs in forming the salt from its elements The permanganic acid formed 
at the anode unites with the metal hydroxide or halide Fj. Delaurier said that 
calcium permanganate readily fuses E. Adinulfi discussed the absorption spec- 
trum of the salt A Kuilan studied the action of radium rays on the permanganate. 
E. Franke found the electrical conductivity. A, of a soln. of an eq. of the salt, 
ICafMnt^)^ in v litres of water at 25 to be : 

o . . 04 I2K 230 512 J024 

A . . 97-21 101-4 104*9 108-8 111-7 

E. Wilke-Dorfurt and H. (i. Mureck prepared calcium hsxantipyrinopeniian* 
ganate, |( l a(( 1 0( , J oH 12 N 2 ) a J(Mn0 4 )2 E. Moles and M. Orespi prepared beryllium 
permanganate, Be(Mn0 4 ) 2 , from a soln. of beryllium chloride ana the calculated 
quantity of silver permanganate which, on crystallization, furnishes the penta- 
hydrate , Bc(Mn0 4 ) 2 51I z O. The evolution of oxygen from the salt begins at 60°. 
I. I. Raslawskv calculated the contiaction which occurs in forming the salt from 
its elements E. Mitscherlich, and H. Aschoff also prepared magnesium per* 
manganate, Mg(Mn0 4 ) 2 .6H 2 0, from the soln. obtained by decomposing silver 
permanganate with magnesium chloride, or barium permanganate with magnesium 
sulphate. 1. I. Raslawsky gave 2-18 for the sp. gr., and he calculated the con- 
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traction which occurs in forming the Halt from ita elements. E. Moles and M. Crespi 
prepared the salt by a similar method to that used for the beryllium salt, and after 
drying obtained crystals of the tetrahydrate, Mg(Mn0 4 ) 2 4.H 2 0. The sp. gr. of the 
sait is 218 ; and it decomposes with the evolution of oxygen at 150°. The 
deliquescent crystals, according to A. Michael and W. W. Garner, are insoluble 
in chloroform, carbon tetrachloride, benzene, toluene, nitrobenzene, ether, ligroin, 
and carbon disulphide, but soluble in methyl alcohol, acetone, pyridine, and 
glacial acetic acid. The soln. in glacial acetic acid is a more active oxidizing agent 
for organic substances than solu. in pyridine. T. Klobh prepared magnesium 
amminopermanganate, which was not analyzed. E. Mitscherlich, T. Klobb, 
II. Aschoff, and <\ Kupffer obtained zinc permanganate, Zn(Mn0 4 ) 2 .f>B 2 0, by treat- 
ing barium permanganate with a soln. of zinc sulphate and evaporating the filtered 
liquid ; and .). F. Martenson, and G. Heikel, by treating a hot soln. of silver per- 
manganate with a neutral soln. of zinc chloride and evaporating the filtered soln. 
for crystallization. E. Moles and M. Grespi obtained if as a tetra- or pentuhydratc 
as m the (‘ji.se of the beryllium salt. F. Stolba obtained n Roln. of the salt by adding 
crystalline zinc Huosilicate to a soln. of potassium permanganate. L. H. Hernagau 
described commercial samples w r ith H to 32 per cent, insoluble matter ; and J. Biel, 
samples with up to !>2 per cent, of zinc sulphate. The needle-like crystals arc dark 
brown. 1 1. Saslawskv gave 2-17 for the sp. gr., and calculated the contraction 
which occurs m (mining the salt from its elements. J. F. Martenson found that 
the crystals can be pn ‘served if they are fiee from zinc chloride, otherwise they 
soon begin to develop chlorine. All but one mol. of water are given off at J00 n in 
vacuo, and the last mol. (tin be driven off only with the decomposition of the salt. 
E Moles and M Crespi found that the sp. gr. is 2-47 ; and that the salt decomposes 
at with the evolution of oxygen. (\ Kupfler said that the Halt decomposes 
with the evolution of oxygen at 140' ; and T. Klobb, that Ihe salt forms manganese 
dioxide when it is heated with boric oxide in a current of dry air. J. F. Martenson 
found that when heated in a glass tube, what appears to be a purple vapour is 
evolved. The salt deliquesces in moist air : it is freely soluble in water ; and the 
aq. so] u. can be kept a long time without decomposition. T. Klobb obtained 
zinc tetramminopermanganate, Zii(Mn() 4 ) 2 .4NH :) , by mixing in c.e. of a 50 per 
cent, soln of zine sulphate, 60 r.c. of ammonia, and 100 c c. if a soln. of potassium 
pei manganate saturated at 10". The liquid is filtered rapidly, and dried in the cold 
over sulphuric arid. The violet crystals are deliquescent. The corresponding 
zinc pyridinopermanganate, Zn(Mii0 4 ) 2 -4( 5H5N, was also prepared. V. Fromhcrz 
observed no precipitation occurs when potassium permanganate is t routed with 
cadmium chloride. T Klobb prepared cadmium permanganate, rd(Mn() 4 ) 2 . Hi I 2 0, 
by crystallization from a soln. of cadmium sulphate and barium permanganate ; 
E. Moles and M. Crespi obtained the hern hydrate by the method used for the 
beryllium salt. Its sp. gr. is 2-81 ; and it decomposes with the evolution of oxygen 
at 0F)\ The velocity constants for the decomposition are k 0*0212, k x 0-100, 
and A’jj .()■] 1 1 — vide supra, potassium permanganate. T Klobb obtained cadmium 
tetramminopermailganate, Cd(Mn0 4 ) 2 .4NH 3 , from a soln. of potassium perman- 
ganate sat. with ammonia, and a cadmium salt. In a few days the black crystals 
form a brown mass. The salt detonates by percussion. The corresponding 
cadmium pyridinopermanganate* Cd(Mn0 4 )2.4C < 5H 5 N, was also prepared. 

E. Wilkc-Dorfurt and II. G. Mureck prepared aluminium hezmitipyrinoperm&n- 
ganate, LAl(COC J0 H J2 N 2 ) 6 )(MnO 4 ) 3 . The action of permanganates on eerous salts 
has been discussed in connection with permanganic acid. F. T. Frerichs and 
J. L. Smith reported the formation of didymium permanganate, [)i(Mn() 1 ) 3 .21]i 2 0 J 
slightly soluble in water ; and similarly lanthanum permanganate, 
La(Mn0 4 ) 3 .21H 2 0 ; but P. T. Clove could not obtain either salt. E. Carstanjen 
found that neutral soln. of thallous sulphate and potassium permanganate form 
a reddish-brown precipitate consisting of thallic hydroxide and thallous perman- 
ganate. The permanganate is reduced directly to a manganous state without the 
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formation. of intermediate oxides. In very dil. soln. the thallic hydroxide pre- 
dominates, and with cone. soln. thallous permanganate, TlMn0 4 . J. E. Willm 
made some observations on this subject, and T. V. Barker said that thallous per- 
manganate could not be prepared owing to the oxidation of the thallous salt by 
the permanganate. R. «J. Meyer and H. Best obtained black prismatic crystals 
of the salt by evaporating over sulphuric acid the filtered liquid resulting from the 
action of a soln. of thallous sulphate cm an eq. proportion of barium permanganate. 
The salt is liable to decompose into thallic oxide during the evaporation. (\ Forch- 
hammer obtained a brown precipitate, thought to be lead permanganate, Pb(Mn0 4 ) 2> 
by treating a soln. of lead nitrate with potassium permanganate. The salt is soluble 
in nitric acid. E. Wilke-Dorfurt and co-workers prepared chromic hex&ntipyrino- 
permanganate, fCr(COC 10 H 12 N 2 ) fl ](MnO 4 ) 3 ; also chromic hexamminoperman- 
ganate, L9r(NH a ) 6 ](Mii0 4 ) 3 ; A. Werner and D. Kalkmann, and E. Wilke- Dorfurt 
and K. Niederer, chromic hexacarbamidopennanganate, [(^(C0N 2 H 4 ) 6 J(Mn0 4 ) 3 ; 
chromic hexacarhamidosnlphatopermanganate, [(V((W 2 H 4 ) 0 )(S6 4 )Mn() 4 ; and 
chromic hexacarbamidodichromatopermanganate, [()r(t 1 0NoH 4 ) ( J(t 1 r 2 () 7 )Mn0 4 . 
The molybdatopermanganates have been discussed in connection with the 
molybdates. 

For the manganous permanganates of A. Guyard, vide supra. ('. Fromlierz 
observed no precipitation occurs when a soln. of niekelous chloride is treated with 
potassium permanganate. T. Klobb obtained nickel amminopermanganate, as a 
crystalline precipitate, by dissolving a mol of potassium permanganate in the 
necessary quantity of water at 0°, saturating the soln. at 0 U with ammonia, and 
adding a mol of nickel nitrate dissolved in ton times its weight of water. He also 
prepared nickel pyridiiropeniiangaiiate, Ni(Mn() 4 ) 2 4(' 5 H 5 N. T Klobb, and 
E. Wilke Dorfurt and co-workers prepared cobaltic hex&mminopermanganate, 
[Co(NH 3 ) fl ](Mn0 4 ) 3l or luteocolxillic jwrmanqanaie , by mixing a warm, cone, soln 
of a mol of cobaltic hcxammmochloride with 12 tools of potassium permanganate ; 
it separates in the form of a precipitate mixed with a salt which crystallizes in 
hexagonal plates and is formed in greater proportion when the permanganate is 
not in excess. The second salt can be removed by treatment with cold water 
and the cobaltic hexaniniinopermanganatc is recrystallized from water at (>0°. 
It then forms very brilliant black tetraliedra, only slightly soluble in cold water, 
but more soluble in hot water, with partial decomposition. When heated it 
detonates, and it also explodes when struck. With hydrochloric acid it yields 
manganous chloride and cobaltic hexammi nochloride. If a warm soln, of 8 mols 
of cobaltic hcxamminockloride be treated with a soln. of a mol of cobaltic 
hexamminopermanganate, filtered rapidly, and allowed to cool, cobaltic 
baxamminodichloropennanganate, [( , <>(NH J ) h ]( 1 J 2 (Mn() 4 ). separates in small black 
lamella 1 with the form of a regular hexagon, red or brown by transmitted light. 
It is very unstable, and is decomposed by water with removal of the hexammino- 
chloride, but dissolves without decomposition in a soln of cobaltic hexannninochloride. 
When heated rapidly it detonates, but it does not explode on percussion. The 

corresponding cobaltic hexamminodibromopermanganate, L^o(NH 3 ) 0 |Br 2 (Mn() 4 ) l 
is prepared in a similar manner, or by mixing warm soln. of <3 mols of potassium 
permanganate and a mol of cobaltic hexarnmmohrnrmdc. The salt furnishes 
hexagonal plates, which are more stable than the corresponding chloride and are 
not decomposed by boiling water. The salt which separates in violet hexagonal 
plates in the preparation of the hexuinininopcrmanganate is potassium cobaltic 
hcxamminochlorodipermanganate, [C , o(NH 3 ) 6 J( l(Mn() 4 ) 2 .2Kn. It separates slowly 
from a cold, cone. soln. of a mol of cobaltic hexamniinochloridc and 3 mols of 
potassium permanganate. It furnisher violet hexagonal lamella 1 , whi'di dissolve 
freely in water, with partial decomposition into its constituents. When heated 
it behaves like the preceding salts, ft muy be irgarded as a compound of cobaltic 
hexamminopermanganate and cobaltic hcxamnunochloridc with potassium chloride. 
It can also be formed by dissolving cobaltic hexamminochlo roper niangunute in 
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potassium chloride aoln., or by the action of cobaltic hcxamminopermanganate 
on a large excess of potassium chloride. 
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§ 16 . Manganese Fluorides 

Two well-defined manganese fluorides have been prepared, namely, manganese 
dijluoride , MnF 2 , and manganese irifluoride , MnF a ; while a third fluoride, man- 
ganese telrafiuonde , MnF 4 , ran be obtained in soln. in hydrofluoric 1 acid, and in the 
form of well-defined complex salts. The complex salts of manganese tetrafluoride 
of the type R 2 MnF fl are called fuomanganites , so that the complex salts of man- 
ganese tnfluoride of the tyj>e RjiMnFg have to be called by the unfortunate term 
fl uohypo manga ni tes. 

J. J. Berzelius 1 evaporated a soli), of niunganous carbonate in hydrofluoric 
acid, and obtained small, pale amethyst red, ill-defined crystals of manganous 
fluoride, or manganese difluoride, MnF 2 . C. Brunner, and 0. Unverdorben also 
prepared this salt in an analogous manner. H. Moissan and A. Venturi avoided 
warming the soln. during the action ; they also said that the salt is best made 
by dissolving manganese in dil. hydrofluoric acid contained in a silver basin, kept 
cool by a rapid current of cold water ; on boiling the soln., manganous fluoride 
is deposited as a white crystalline powder, which is collected and dried at 120". 
The salt is also formed as a rose-coloured fused mass when gaseous hydrogen 
fluoride is passed over metallic manganese ; and it is also formed when a current 
of hydrogen fluoride is passed over hydrated manganese tluosilicatc at 1(KX)°. 
F. Roder prepared manganous fluoride, in small red noodles, bv melting a mixture 
of manganous chloride and sodium fluoride and chloride, and removing the soluble 
matter by leaching the product with waler ; E. Defaeqz also obtained manganous 
fluoride by melting a fluoride of an alkaline earth with manganous chloride, bromide, 
or iodide. The reaction is reversible, so that an excess of the fluoride is needed. 
T\ Nuka prepared the anhydrous salt by heating the ammonium salt NH 4 MnF 3 to 
300° in a current of carbon dioxide. 

According to H. Moissan and A. Venturi, manganous fluoride may be recrystal- 
1 1 zed from fused manganous chloride, when it forms rose-coloured prisms which, 
according to A, dc Schulten, are isomorphous with sellaitc, MgF 2 . According to 
A. E. van Arkel, the X-radiogTams of manganous fluoride correspond with the 
rutile or tetragonal type of space-lattice with 2 mols. per unit cell ; the cell has a 
base a— 4-88 A., and a height c -3*29 A. A. Ferrari gave a 4-865 A., and 
c— 3-284 A., and a : c=l : 0-675 ; the calculated specific gravity is 3-97 ; W. Biltz 
and E. Rahlfs found 3-891 for the sp. gr. at 25 p /4‘ , and 23-88 for the mol. vol 
H. Moissan and A. Venturi found the sp. gr. to be 3-98. and the melting-point 856° ; 
and A. Ferrari discussed some relations of the m.p. According to J. J. Berzelius, 
it is not decomposed at a red-heat. W. Herz discussed the entropy and vibration 
frequency. E. Petersen calculated for the heat of neutralization (Mn(OH) 2 ,2HF ftg ) 
=- 28,064 cals.: and for the heat of formation, (Nn,F s ,H„0) * 156-8 Cals., while 
M. Berthel ot obtained 155-5 Cals. ; H. von Wartenberg, 206* f Cals. ; and K. Jellinek 
and R. Koop, 170-9 Cals. G Beck studied the energy of the salt. For the anodic 
oxidation of the salt, vide supra , permanganic acid. J. Liebknecht and A. P. Wills 
gave 162xl0~ 6 mass unit for the magnetic susceptibility of aq. soln. at 18°. 

H. Moissan aud A . Venturi found that the salt is completely reduced by hydrogen 
at J000 u . but only very slowly at 500°. K. Jellinek and A. Rugat found that in 
the reaction MnF 2 -)-II;r J Mn f2HF, the values of log (p^hf/Ph«) at the absolute 
temp. 873°, 975°, and 1073" are respectively - 4*96, - 1-43/and -3-99; log 
(pWPh.Pk,). 29*83, and 27-15; and those of log p Vf , -38*08, - 34*26, 

and —31*14, where is the vap. press, of the metal fluoride. According to 
H. Moissan and A. Venturi, dry oxygen acts only slowly at 400°, but at 1000° the 
salt is completely decomposed to form the tritatetroxidc. Manganous fluoride is 
almost insoluble in water, R. H. Carter found that 100 c.c. of aq. soln. contained 
0*186 grin. MnF 2 at 25°, and for the sat. soln., p\\ 7*0. W. Biltz and E. Rahlfs 
picparcd the tetrahydrate by drying it at room temp. The sp. gr. of the tetra- 
hvdrale is 2*036 at 25*74*, and the mol. vol. 81*04. H. Moissan and A. Venturi 
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found that if the Halt be boiled with water, manganese oxyfluoride and hydro- 
fluoric acid are first formed, but if the boiling be prolonged, a mixture of hydrated 
manganese fluoride and oxyftuoride is deposited ; between 1200" and 1300° steam 
converts manganous fluoride into manganous oxide. P. Nuka found that 100 gnus, 
of an aq. soln. of the tetrahydrato contains 1*05 grms. of MnF 2 . The Rail is con- 
verted by fluorine — vide infra — into the trifluoride— slowly in the cold, rapidly 
when heated ; it is not attacked by chlorine in the cold, but at 1200“ some man- 
ganous chloride is formed, but there is no evidence of the formation of a manganese 
chhrofluoride. With elilorine water, or bromine water, hydrofluoric acid and 
manganese dioxide are formed. J. J. Berzelius found that the salt is soluble in 
water containing hydrofluoric acid ; but If. Moissan and A Venturi found that 
it is not perceptibly soluble in cone, hydrofluoric acid. By evaporating the aq. 
soln. acidified with hydrofluoric acid, F. H. Edmister and H. (\ Cooper obtained 
crystals of manganous pentahydroheptafluoride , MnF 2 .5HF.GH 2 0. They arc 
not permanent in air, but decompose with the loss of hydrogen fluoride. The 
crystals are rhombohcdral, with prismatic cleavage, and uniaxial. The sp. gr. 
is 1-921. 11. Moissan and A. Venturi said that cold, cone, hydrochloric acid dis- 
solves manganous fluoride freely, hut the dll. acid acts only slowly. When the salt 
is heated to 1000° in an atm. of sulphur, green manganous sulphide is rapidly 
formed ; and similarly with hydrogen sulphide. The salt is decomposed by 
sulphuric acid with the liberation of hydrogen fluoride, G. Core, and E. (\ Franklin 
and (\ A. Kraus said that manganous fluoride is sparingly soluble m liquid 
ammonia, and H. Moissan and A. Venturi, that manganous tritadiamminofluoride, 
3MuF 2 2NH 3 , is formed as a crystalline powder which slowly evolves ammonia ; 
and manganous fluoride is partially reduced when heated at 1200° in an atm. of 
ammonia. W. Biltzand E. Rahlfs piepared manganese aquopentam minodifluoride, 
MnFjj RoO.riNHa, of sp. gr. 1 -477 at ° , mol. veil. 132-6 ; vap press. 39-2 mm. 
at 2T, 8(H) mm. at 11", and 173-0 mm. at 0° ; and heat of formation 9-6 
Cals. Similarly, manganese aquoamminodifluoride, Mn F 2 H 2 ().NH 3 , has a sp. gr. 
of 2-291 at Ur/'/r ; a hiol. vol. of 55-86 ; a vnj). press, of 10-5 mm. at 25°, 20 mm. 
at 34-4", 43-0 mm. at 46°, - and 108-0 mm at 61°; and a heat of forma- 
tion of 12-3 Cals. They also found evidence of the formation of manganese aquo- 
hemiamminodiflnoride, MnF 2 .H 2 0.|NH 3 . According to H. Moissan and A. Ven- 
turi, manganous fluoride is freely soluble in cone nitric acid. Manganous fluoride 
is decomposed at 1000" by boron to form boron fluoride and manganese boride ; 
and bv silicon to form manganese silicide and silicon fluoride. E. Wilke- 
Dorfurt and H. G. Mureck prepared manganous hexantipyrinoboroflubride, 
rMn(C()C 10 H 12 No) 2 j(BF 4 ) 2 . J. J. Berzelius, J. G. de Marignac, and F. Stolba 
described a fluosilicate, MnF 2 .SiF 4 6H 2 0. whicli was formed by the action of 
silicon tetrafluoride ; J. J. Berzelius, and J. V. G. de Marignac. a fluotitanate, 
MnF 2 .TiF 4 .6H 2 0, by the action of titanium tetrafluoride ; and J. (\ G de Marignac, 
a fluostannate, MnF 2 .fcJnF 4 .6H 2 0, by the action of stannic fluoride ; and the 
fluozirconateR MnF 2 .ZrF 4 .5H 2 0 and 2MnF 2 .ZrF t 6H 2 0 by the action of zirconium 
tetrafluoride. According to H. Moissan and A. Venturi, manganous fluoride is 
not decomposed by carbon at 1200°. The salt is practically insoluble in alcohol, 
and in ether ; while it is but slowly dissolved by acetic acid. A. Neumann said 
that the salt is insoluble in acetone ; and H. Moissan and A Venturi observed that 
manganous fluoride is reduced to impure metal, without incandescence, when it is 
heated with sodium, potassium, magnesium, or aluminium. A boiling soln. of 
Alkali hydroxide forms alkali fluoride and hydrated manganous oxide. The salt is 
also decomposed by fused alkali carbonate or alkali hydroxide, and by potassium 
nitrate or chlorate. E. Defacqz found that the react ion wit ii fused calcium chloride 
is reversible. 

According to J. L. Gay-Lussau and L. J. Then, ml, the white precipitate obtained 
by treating an aq. soln. of manganous sulphate with potassium fluoride is, accord- 
ing to J. J. Berzelius, potassium manganous fluoride ; it is said to be insoluble in 
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water, but freely soluble in acids. C. E. Saunders could not prepare this salt. 
J. J. Berzelius also mentioned a sodium manganous fluoride f sparingly soluble in 
water. P. Nuka prepared ammonium manganous fluoride, NH 4 MnF 3 . A Bat. 
soln. of the salt becomes turbid at 60° and deposits anhydrous MnF a . At 290° 
to 300°, in an atmosphere of carbon dioxide, ihc complex salt furnishes manganous 
fluoride. 

According to H. Moissan, 2 metallic manganese is attacked by fluorine at the 
ordinary temp., but the reaction is limited by the formation of a layer of fluoride 
on the surface of the metal. If the manganese be finely powdered, the reaction 
takes place with incandescence, but the fluoride formed is partly volatilized and 
decomposed, so that the product is not of constant composition. Manganous 
fluoride is also attacked by fluorine, but the reaction is never complete, whilst with 
manganous chloride it is difficult to expel the whole of the chlorine. With man- 
ganous iodide, however, the reaction is much more regular, and manganese tri- 
fluoride, or manganic fluoride, MnF a , is produced in crystals which .ire pspiidomorpliN 
after the parent iodide. The crystals have a specific gravity of 3-54. E. Petersen 
found that the heat ol solution is very small ; and the heat of neutralization 
(Mn(OH)3,3HF)--2IV8 Cals. A. Travers made this salt. H. Moissan found that 
when the trifluoride is heated it decomposes, forming manganous fluoride and 
fluorine ; it is reduced by hydrogen, below redness, forming hydrogen and man- 
ganous fluorides ; K. Jeliinek and R. Koop studied the equilibrium in the reduc- 
tion of manganic to manganous fluoride by hydrogen. According to H. Moissan, 
manganic fluoride is decomposed by oxygen at n red-heat, forming black crystalline 
manganese oxide; and it reacts with water, forming manganous fluoride, hydro- 
fluoric acid, and a hydrated manganese oxide in proportions dependent on the 
proportion of water employed. At ordinary temp, chlorine lias no action on 
manganese trifluoride, but when heated a ternary compound is formed ; and 
similarly also with bromine, and with iodine, which forms a red compound. If 
heated in an atmosphere of hydrogen chloride, manganous chloride, hydrogen 
fluoride, and chlorine arc formed; and with hydrochloric add a dark brown soln. 
is produced which is decomposed by water. When the trifluoriilc is treated with 
boiling BUlphur, sulphur and manganous fluorides are formed ; hydrogen sulphide 
reacts readily at 200 n with manganese trifluoride, and so do sulphur monochloride, 
and sulphuryl Chloride ; while sulphuric add forms a dark brown soln. readily 
decomposed by water ; and similarly with nitric acid. Manganese trifluoride reacts 
with phosphorus, at a slightly elevated temp., forming phosphorus tri- and penta- 
fluorides ; with phosphorus trichloride it yields phosphorus fluochloridc ; and with 
phosphorus pentachloride it yields phosphorus pentafluoridc. When heated with 
arsenic, the reaction furnishes arsenic trifluoride. When heated with boron, the 
reaction furnishes boron trifluoride ; and with silicon, silicon tetrafluoride. When 
manganese trifluoride is heated in a glass vessel, there is a violent reaction, silicon 
tetrafluoride is set free, and a mixture of manganese fluoride and oxyfluoridc 
remains. When the salt is heated with carbon, carbon tetrafluoride is formed ; with 
carbon tetrachloride the products are manganous fluoride, chlorine, and carbon 
tetrafluoride. No action was observed at 100° with benzene, turpentine, chloro- 
form, alcohol, and ether. 

O. T, Christensen, and G. Gore found that the higher manganese oxides are 
attacked by hydrofluoric acid with difficulty ; but J. J. Berzelius observed that 
the mineral manganite, when in the form of an impalpable powder, dissolves in the 
acid, forming a red soln., which, when evaporated spontaneously, furnishes dark 
brown prisms which appear ruby-red by transmitted light. The powder is also 
ruby-red. O. T.' Christensen, and J. Nicklfo obtained a similar product from a 
soln. of artificially prepared manganese hemitrioxide in hydrofluoric acid. The 
Balt can be recrystallized from hydrofluoric acid. The analyses agree with tri- 
hydiated manganic fluoride, MnF 3 .3Hj>0. According to E. Muller and P. Koppe, 
a fluoride of tcrvalent manganese is readily obtained by the action of permanganates 
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on a manganous salt in presence of hydrofluoric acid, the reaction being: 
Mn0 4 ' f 4Mn -f-M4 =5Mn” +4H 2 0. The difference between the reactions in 
presence of hydrofluoric and sulphuric acids is due to the conversion of Mn " into 
a complex fluoride ion in the one case ; then the manganese dioxide, which is insoluble 
in hydrofluoric acid, dissolves if a manganous salt is also present. Manganic 
fluoride, free from potassium, may be obtained by electrolyzing a neutral soln. of 
a manganous salt and dissolving the oxide precipitated at the anode in hydrofluoric 
acid. The difficulty of observing the end-point in presence of the pink manganic 
salt makes it impossible to obtain accurate results on titrating manganese with 
permanganate in presence of hydrofluoric acid. The reaction appears, however, 
to be nearly complete in a warm soln. L. von Putnoky and B. von Bobcat showed 
that the trifiuoridc is a secondary product of the anodic oxidation of manganous 
fluoride- - vide supra, permanganic acid. J. J. BerzoliiiR found that the salt can 
be completely dissolved in a small proportion of water, but with more water, or 
if the clour aq. soln. be boiled, hydrolysis oeeurH and a basic salt is precipitated ; 
on cooling the soln. the precipitate is redissolved. The aq. soln. gives a precipitate 
of hydrated manganic oxide, free from fluoride, when it iH treated with ammonia ; 
and, according to J. Nickles, a precipitate is formed when potassium fluoride is 
added to the aq. soln. 

h. Olsson obtained two series of complex sails of the type IlMnF 4 .»H 2 0 and 
ItoMnF- by the union of manganic fluoride with an organic base — quinoline, 
guanidine, tetraiiiethylaiumoniuni, dmiethylaniino, dicthylamine, ethylaminc, 
propylamine, and cthylenediaminc. 0. T. Christensen added a Holn. of hydrated 
manganese hemitnnxide m hydrofluoric acid to a cone. soln. of ammonium fluoride, 
and obtained crystals of ammonium manganic pentafluoride, 2NH 4 F.MnF 3 , or 
(NH 4 ).>MnP ri . If the soln. be too dilute, evaporation may be necessary before 
crystallization can take place. The salt can be recrystallized from water contain- 
ing ammonium fluoride or hydrofluoric acid. The dark red, almost black, prismatic 
crystals were also prepared by J. Nickl^s, who stated that they are decomposed by 
heat into manganous fluoride and oxide 0. T Christensen found that the hydro- 
fluoric and soln. giveH a dirty red precipitate with calcium or strontium chloride, 
urul^ with barium chloride, a pale red precipitate which turns violet. 

1. Christensen, and J. Nickles also prepared sodium mnnganic p entafl uoride, 
NiijMnh & , in an analogous manner. The crystals under the microscope appear 
to be rectangular plates. The salt is sparingly soluble in water. It melts when 
heated, and retains its red colour. J. Nicklcs thought the salt was a compound 
of manganese tetratiuoride. 0. T. Oiristensen, and J. Meyer prepared potassium 
manganic pentafluoride, KgMnFg.JHjjO, by adding an excess of potassium fluoride 
to a filtered soln, of hydrated manganese hemitrioxide in hydrofluoric acid. The 
rose-red precipitate is washed with water containing hydrofluoric acid and dried 
on platinum. The same salt is prepared by heating manganese dioxide with 
potassium hydrofluoride, and by precipitation from a soln, of potassium fluoride 
with a soln, of manganese dioxide in hydrofluoric acid. E. Muller ami P. Koppe 
ound that, by mixing, in the order given, a soln. of 8-fl grms. of manganous 
sulphate in 30 c.c. of water, 8 e.c. of 40 per cent, hydrofluoric acid, a soln. of 
Y* Kfuis. of potassium permanganate in 25 c.c. of water, and one of 5-8 grms. of 
potassium fluoride in 20 c.c. in a platinum basin, a salt is obtained which, after 
washing with hydrofluoric acid and alcohol and drying in a desiccator, has the com- 
position 2KF.MnFg.H 2 0. According to 0. T. Christensen, the salt is decomposed 
>y water at the ordinary temp. ; and also by hydrogen dioxide. Hydrochloric acid 
^composes it with the production of a dark colour ; when the soln. is treated with 
water, the soln. becomes transparent and bright yellowish-red. The salt dissolves 
ad ■ Unc ac ^> yielding an amethyst-coloured liquid, which Incomes red on the 
anion of water. It forms a brown soln. with oxalic or tartaric acid and the soln. 
s reduced by boiling. The soln. in phosphoric acid is red. The salt is identical with 
e one to which J. Nickifes ascribed the formula 2KF.MnF 4 . I. Bellucci obtained 
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the salt K2M11F5.TI2O by the action of nitrous acid in the presence of hydrofluoric 
acid on either potassium permanganate or on a manganous salt, the nitrous acid 
acting in the former case as a reducing agent and in the latter as an oxidizing 
agent. The formation of this salt causes fallacious results in the determination 
of nitrous acid by potassium permanganate in the presence of fluoride. F. Fichter 
and E. Brunner observed that when a suspension of manganous fluoride in water 
is treated with a current of fluorine, it slowly dissolves, forming a red liquid, from 
which a sat. soln. of potassium fluoride precipitates the complex pentafluuride as 
a pink crystalline powder. There is here the possibility of a direct oxidation with* 
out the formation of an intermediate product ; but the reaction is far from being 
complete : the formation of hydrogen dioxide can be detected from the beginning, 
and, moreover, we have a complicated equilibrium between manganous and 
manganic fluorides, hydrofluoric acid, ami hydrogen djo\ule, where the temp., 
concentration, and duration of the treatment with fluorine are of influence. Some- 
times the pink colour diminishes even during the cxpcuinrnt. (J. Wiedemann 
studied the magnetic properties of the potassium sail. O T Christensen prepared 
Silver manganic pentafluoride, Ag^MnE^ 4 H 2 (), by evaporating a mixed soln. of the 
component salts. The crystals are almost black, and they lose their water at 
110°, along with a trace of hydrogen fluoride : zinc mang anic pentafluoride, 
ZnMnF 5 . 4 (and 7)1M>, was also prepared. F. Ephraun and L. Heymann's 
attempts to prepare thallous manganic pentafluoride, analogous to the alkali salts, 
furnished thallous manganosic tridecafluoride, 5TlF.2MnFj.MnF2. Jt is obtained 
by precipitating manganous acetate with ammonia and hydrogen peroxide, dis- 
solving the well-washed precipitate in hydrofluoric acid, and adding thallous fluoride, 
when it forms claret coloured prisms, decomposed by water, but soluble in cold 
cone, sulphuric acid or in dilute oxalic or tartaric acids to violet soln., decolorized 
on heating. When a soln. of manganic fluoride is added to a soln. of cobaltic 
chloropentumminorarbnnntp in hydrofluoric arid, O. T. Christensen found that 
cobaltic manganese chloropentamminofluoride is formed as a metalline pre- 
cipitate, consisting of microscopic, rectangular plates. O. T. Christensen also 
prepared cobaltous manganic pentafluoride, CoMnF 5 . 4 H 2 0 ; and nickel manganic 
pentafluoride, CoMnFs. 4 H 2 0 . 

According to J. Niekles, 3 if an ethereal soln. of manganese tetrachloride be 
treated with hydrofluoric acid, the lower layer of brown liquor is regarded as a soln 
of ma n g a n ese tetrafluoride, MnF 4 , in hydrofluoric acid ; a similar soln. is formed 
when manganese dioxide is dissolved in hydrofluoric acid ; and also by shaking 
potassium manganese hexafluoride, 2KF.MnF 4 . with a sat. soln. of silicon tetra- 
fluoride in ether. The brown soln. in ether and a little water contains the tetra- 
fluoride, and it is an energetic oxidizing agent. The brown liquid is not decomposed 
by the addition of a small proportion of water, but is decomposed by a larger propor- 
tion, particularly in the presence of alkali hydroxides, carbonates, or chlorides, and 
finely-divided hydrated manganese dioxide separates. The brown soln. decolorizes 
indigo, and it is decomposed by ferrous sulphate ; an alcoholic soln of lead acetate 
gives a brown precipitate ; a soln. of brucine is reddened ; aniline and naphthylamine 
furnish coloured derivatives , phenol is oxidized to a brown resin which is coloured 
green by sodium chloride ; w hile glucose, guru, and carbohydrates are not changed. 
The soln dissolves 111 alcohol ; and ether dissolves it only in the presence of a little 
water. Rose-red double salts arc precipitated when potassium or ammonium 
chloride is added <0 the brown soln., but sodium chloride gives a precipitate only 
in the presence of water. (). T. Christensen doubted the existence of the tetra- 
fluoride so prepared lie said that the double sails are not 2 RF.MnF 4 , as J. Niekles 
flup]M>sed, but rather salts of 1 be trifluonde, 2 RF.MnF\.H 2 0 ; but R. F Weinland 
and O Lauenstein showed that J. Niekles was probably right. F. Fichter and 
E. Brunner were unable to oxidize 1 manganous fluoride to manganese tetrafluoride 
by fluorine, and they added that this is analogous to the failure of E. MiilleT and 
P. Koppe to produce this salt by anodic oxidation. 
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R. F. Weinland and 0. Lauenstein showed that potassium manganate dissolves 
to a violet soln. in 40 per cent, hydrofluoric acid with evolution of heat, and on 
evaporation the soln. j'ields a mixture of potassium permanganate and potassium 
fluomanganite. The nuomanganitftS are here considered to be salts of the hypo- 
thetical fluomanganous acid, H 2 MnF 6 . If potassium manganate be treated with 
water and carbon dioxide, potassium manganite iB formed ; when dissolved in 
hydrofluoric acid and treated with potassium fluoride, theTc are deposited golden- 
yellow hexagonal tablets of potassium fluomanganite, K^MnFo, or 'potassium 
manganese hexafluoride : 

KF- F M /¥ 

KF ~F/ S * n \F 

The hexagonal crystals have the axial ratio a :c- 1 : I -641 4. The (0001) -cleavage 
is incomplete ; the conrosion figures agree with the holohcdral symmetry ; the 
birefringence is feeble and negative. The salt turns reddish-brown when cautiously 
healed, and recovers its original colour on cooling ; at a higher temp, it volatilizes ; 
and in contact with moist air yields a violet residue, hydrogen fluoride being 
evolved : whilst at a high temp, it is decomposed into oxides of manganese and 
potassium fluoride. It is decomposed by water, with the precipitation of hydrated 
manganese dioxide ; it dissolves in cold hydrochloric acid to a dark brown soln. 
which evolves chlorine when heated; and when treated with cold, cone, sulphuric 
acid, it yields hydrofluoric acid, and with the warm acid, oxygen and ozone. With 
nitric acid it yields manganese nitrate and hydrofluoric acid, and no manganese 
goes into soln. ; this reaction distinguishes it from 0. T. Christensen’s complex of 
manganese trifluoride and potassium fluoride The salt yields a brownish-red 
soln with phosphoric acid ; it is insoluble in glacial acetic acid ; it oxidizes oxalic 
acid in aq. soln. ; it decolorizes indigo soln ; ami with hydrogen dioxide it yields 
d reddish residue, with evolution of oxygen. F. Fichter and K. Brunner observed 
that fluorine immediately reduces the yellow’ complex salt K 2 MnF fl to the red 
complex salt K 2 MnF 5 .H 2 0. According to K V. Weinland and 0. Lauenstein, 
rubidium fluomanganite, Rb 2 MnF fl , is obtained by dissolving hydrated manganese 
dioxide in hydrofluoric acid and adding rubidium fluoride. It furnishes yellow 
hexagonal tablets with the axial ratio a : c 1 : 1-61 HE), and with a feeble negative 
birefringence. It is quite analogous to the potassium salt. The corresponding 
ammonium fluomanganite, (NH 4 ) 2 MnF fi , was obtained contaminated with the 
potassium salt ; while sodium fluomanganite, Na 2 MnF w , could not be prepared. 

Arcniding to F. Wohler, when a mixture of two part* of potassium [jermanganate or 
munpinule and one part ot calcium fluoride is digested with sulphunc and in a platinum 
ictort, u yellow vapour is evolved which in conlact with moist air becomes purple. Tlio 
yellow vapour corrodes glass, and is thereby resolved into silicon tetrafluoride and 
iiiaiiguunao heptoxkle, which covers the glass w'jth a brown layer and dissolves in water 
torimng a purple soln. r l he yellow vapour 11 1 tacks calcium chloride, which 1 Jeromes hot 
and gives off chlorine. Tlio yellow vapour dissolves in water, forming a soln of hydro- 
fluoric and iiermangann acids. When the nq. soln. is evaporated, it gives off oxygon and 
hydrogen fluoride, and leaves a brown residue containing some manganous fluoride. The 
uq. soln. dissolves copier, mercury, and silver, hut not gold or platinum. »). B. A. Dumas 
made some observations on t his subject Vide infra, manganese tetroxyrhlnride F. Wohler's 
product is sometimes regardful as a ntanganeai ft iojry fluoride, Mn(),F, hut it whs probably 
this mixture of potassium jwnnanganate and fluomanganite cent animated with a silicon 

fluoride. 

In addition to the potassium fluomanganite prepared first by .1. NuLles potaasnnn, 
man* jane ne octoflvoridc , 4KF.MnF 4 . was retried to h< fornuHl by the fusion ol Ihehexa- 
fluonde, or by melting a mixture of manganese dioxide and potassium fluoride , polwonum 
nianqanrar ox yletra fluoride , 2KF.MnOF 2 . t(» be funned as a rose red prei ipdiitc by dropping 
manganese tetrachloride into a boiling soln of potiissium fluonde . and a/nvumturn 
manyanear oxyinfluondi , 2NH 4 F.MnOF, to be formed by dropping manganese trt rachloride 
into a hot soln. of ammonium fluoride. If potassium manganese owtetrafluorid© be 
shaken with other, sat. with silicon totrafluuride, u v lolot brown aeid, 2HK.MnOF a , is said 
to be formed. The soln. is decolorized and decomposed bv waW. >f. Nichles also reported 
yotwununi dtmanganest oxyocfofluortdr, 4KF.Mii 2 OF 4 , to be formed by dropping manganese 
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trichloride in a boiling soln. of potassium fluoride. If hydrofluoric acid be added to potas- 
sium permanganate, one or other of these substances is formed and ozonized oxygen is given 
off. O. T. Christensen could not confirm these observations. 
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§ 17. Manganous Chloride 

J. Davy, 1 and H. Davy reported manganese dichloride, or manganous chloride, 
Mn('l 2 , to he formed when manganese burns in chlorine gas. J. L. Proust obtained 
it by evaporating a soln. of manganous chloride to dryness, and heating the dry 
residue, according to J. Davy, with the exclusion of air, or, according to 
E. Turner, in a current of hydrogen chloride. J. A. Arfvedson prepared the 
anhydrous salt by heating manganous carbonate in a current of hydrogen chloride, 
first at ordinary temp., and afterwards at a dull red-heat. H. Rose obtained it by 
passing chlorine over a strongly heated mixture of manganous oxide and charcoal ; 
and K. Weber used the carbonate in place of the oxide. F. P. Venable and 
D. H. Jackson obtained the chloride by passing a mixture of carbon monoxide and 
chlorine over manganese dioxide at 460°. 

A. Scacchi observed crystals of manganous chloride in a salt-crust associated 
with the 1851 eruption of Vesuvius. The crystals were also observed by 
T. Montieelli and N. Covelli, and M. Adam called the mineral scacchite— after 
A. Scacchi. The crystals of the artificial product are, according to J. A. Arfvedson, 
rose-red, and they may become dirty red or brown when exposed to air, owing to 
the formation of higher manganese oxides. There has been some discussion on the 
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pink colour of the manganous salts generally. C. Fromherz attributed the red 
colour to the presence of traces of the higher oxidation products. By repeated 
soln. in sulphuric or hydrochloric acid and reprecipitation with sodium carbonate 
they obtained a material which furnished colourless manganous chloride or sulphate ; 
but L. Gmclin said that the red salt cannot be decolorized by boiling with sulphurous 
acid, or, according to J. J. Berzelius, by treatment with hydrogen sulphide, etc. 
A. Brand said that colourless crystals can be obtained if the powdered salt be 
calcined or boiled with alcohol, ether, or a soln. of sugar and again converted into 
sulphate or chloride. L. Gmelin could not confirm this. F. Brandenburg obtained 
the red salt by preparing manganous sulphate by the action of fuming sulphuric 
acid containing a trace of copper on pyrolusitc. F, Wohler, and H. SchifI observed 
that both colourless and red crystals may be obtained from the same soln. 
A Voelckcr also found that the purjfiod salt is colourless, and if traces of higher 
oxides are present, the salt has a reddish tint ; if the tint is not removed by treat- 
ment with a reducing agent, the coloration may be due to the presence of a trace 
of cobalt, which often accompanies manganese. According to J. A. Rappers, and 
K. J. Bayer, the green or blue tint observed by F. W. Krecke is produced by cobalt ; 
and A. Gorgeu said that if 8 parts of nickel per 1000 of manganese are present, the 
salts may l>c colourless. A. M. B. Burin du Buissnn thought that only the anhydrous 
manganous salts are colourless. The subject was also discussed by J. Bchwerdtfcger, 
and K. Reithner. According to J. H. Kastle, when the crystals of manganous 
chloride are cooled by liquid air, the colour may disappear altogether ; and A. Etard 
observed that the rose-red aq. soln. of manganous chloride is almost colourless 
at 240‘ . 

An aq. soln. of manganous chloride can be prepared by dissolving the metal 
or manganous carbonate in hydrochloric acid. M. Faraday heated a mixture of 
precalcined pyrolusitc and ammonium chloride slowly to dull redness, and extracted 
the cold product with water. If the pyrolusite is in excess, it is said that the foreign 
metals do not form soluble chlorides ; the pyrolusite should have been previously 
boded with dil. nitric acid to remove the carbonates of the alkaline earths. J. Everitt 
evaporated the hydrochloric acid soln. of pyrolusite to dryness, and heated flic 
residue until no more hydrochloric acid is evolved. II. Kolbe recommended 
heating the residue in a crucible at a red-heat to volatilize the ferric chloride. The 
residue is dissolved in water and the filtered soln. boiled with manganous carbonate 
to precipitate the iron and aluminium oxides. K. J. Bayer recommended treating 
the hoIii. with sodium carbonate to precipitate fractionally the iron and aluminium 
oxides, and with ammonium sulphide to precipitate manganous sulphide. The 
sulphide is then washed and dissolved in hydrochloric acid. The subject was 
discussed by J. A. Rappers, G. H. Zeller, H. F. Gaultier de Claubry, W. Smith, 
and A. Pizzi. The evaporation of the aq. soln. furnishes various hydrates, 
dependent on the conditions. 

R. Brandes found that water at 10° can dissolve 38-33 per rent. Mn('l 2 ; at 
31-25°, 46-15 per cent. ; at 62-5° and at 87 -5 U , 55-0 per cent. ; and at 106-25°, 55-82 
per cent. ; while A. Etard gave for the percentage solubility, 8 : 

-22° -5° 7* 17° 3G a 57° SO" 100° 140“ 

S . 34-7 37-8 40 -4 41-2 44-4 500 51-0 63-7 54-7 

The following results for the percentage solubility are compiled from those of 
F. Uudorfl, A. Ditto, P. Kutznctzoff, R. Brandes, A. Etard, H. M. Dawson and 
P. Williams, and J. Suss : 

— G 5° -2° 8° 25° 50° 87-88° 60° HHT 140° 

‘S' . 10-5 — 383 43-0 49-5 51-4 52 1 53-7 54-8 

flH a O 4H,0 Zll a O 

The results are plotted in Fig. 59. W. Stortenbeker was able to obtain the haxa- 
hydrate, MnCl 2 .6H 2 0, only in isomorphous association with liexahydrated cobaltous 
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chloride, but P. Kutznetzoff showed that a solo, containing 11-7 mols of water per 
mol of manganous chloride gives the hexahydrate when cooled to —37° and 
well stirred. The crystals are almost colourless, and at - 2° the hexahydrate 
passes into the tetrahydrate, MnCl 2 .4H 2 0. The tetrahydrate is dimorphous and 
appears either as a stable or a-form, or as a labile or /J-form (\ F. Rammelsberg 
obtained the a-tetrahydrate in rose-red crystals by the spontaneous evaporation 
of the aq. soln., and by cooling a hot, sat. soln. The crystals are monoclinic prisms 
with the axial ratios a : b : c— 1*1525 : 1 : 0*6445, and j8=-99° 25'. The crystals 
were examined by E. H. Ducloux, and V. C. Butureanu. According to 
H. M. Dawson and P. Williams, the transition temp, from the a* tetrahydrate to the 
dihydrate is 57-85°; T. W. Richards and J. B. Churchill gave 57-7°; and 
T. W. Richards and F. Wrede gave 58-089°, and added that this transition temp, 
is a convenient fixed point for thermometry. A. Baladin discussed the contraction, 
and F. Ephraim, the change in vol. accompanying the formation of the salt and of 
its amines. J. Suss found that the transition temp, is reduced to 52-8° in the 
presence of potassium chloride, as shown in Fig. 59. T. Graham said that the 
crystals of the tetrahydrate lose two mols. of water in vacuo or over cone, sulphuric 
acid. J. F. John added that at 25° the crystals of the a-tetrahydrate become white 
and opaque ; and R. Brandes. that between 25° and 37° they give off hygroscopic 
water with decrepitation and become hard , at 37*5° they become tough ; at 50°, 



Fig. 5ft. — The Solubility of Man- 
ganous Chloride in Water. 


semi-fluid ; and at 87-5° they form a mobile 
liquid which boils at 106°. If kept for some 
time at 100°, the a-tetrahydratc loses 3 mols. 
of water, leaving a white powder. A. Ditte also 
found that the a-tetrahydrate at 58° slowly 
loses water, forming the pale rose-red dihydrate, 
but does not melt at 120°. P. Kutznetzoff added 
that the soln. sat. at 58° can be cooled to 23° 
before the tetrahydrate begins to separate. 
E. M. Farrer and S. IT. Pickering found that the 
a-tetrahydrate loses 3 mols. of water at 100°. 
According to J. C. G. de Marignac, *when the aq. 
soln , sat. at say 40°, is undercooled to 10° or 0°, 
monoclimc, tabular crystals of j8-tetrahydrate 
separate out. The crystals were found to have 


the axial ratios a : b : c=l-1413 : 1 : 1-6409, and fi- 110° 46'. It was also pre- 


pared by P. Kutznetzoff, who observed that at 40° the crystals of the jS-tetra- 
hydrate form a crystalline powder of Jthe dihydrate. J. (\ G. de Marignac, 
H. M. Dawson and P, Williams, and V. C. Butureanu observed that the crystals 


of the j8-tetrahydrate are isomorphous with those of tetrahydrated ferrous 
chloride R. Brandes, and H. M. Dawson and P. Williams said that the 


j8-tetrahydrate melts at 87*6°, and that it is more soluble in water than the a-tetra- 
hydrate. As just indicated, the transition temp, from the a-tetrahydrate to the 
dihydrate, MnCI 2 2H 2 0, approximates to 58°. H. Lescoeur, and A. Ditte prepared 
the dihydrate by saturating with hydrogen chloride a sat. aq. soln. of the tetra- 
hydrate at 20° ; and H. M. Dawson and P. Williams, by similarly treating an 
alcoholic soln. of the tetrahydrate at ordinary temp. H. Goldschmidt and 
K. L. Byngros, and H. Lescoeur obtained it by keeping the tetrahydrate in vacuo ; 
and C. E. Saunders, in attempting to prepare the double salts of lithium or mag- 
nesium chloride with manganous chloride, obtained the dihydrate in slender mono- 
clinic prisms with the axial tatios « \b : c=l-238 : 1 : — , and/}=138° nearly. The 
salt resembles the tetrahydrate, but it does not lose water when dried over calcium 
chloride. H. M. Dawson and P. Williams observed that the dihydrate is coloured 


a deeper red than the tetrahydrate ; W. Miiller-Erzbach, that it loses one of the 
mols. of water more readily than the other ; and P. Kutznetzoff, that it loses water 
at 170°, and when allowed to stand exposed to air for a couple of months, it forms 
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the tetrahydrate, These results show that there are three well-defined hydrates 
of manganous chloride, with definite transition temp. : 

-2’ GSOSB’ JOB' 

MnCl g .flH a O^MnCl 8 4H t O^MnCl a 2H 2 O^MnH 2 

Some other hydrates have boon reported. K. J. Bayer said that the pmlahydrale, 
MnCl s .5H a O, is formed in deliquescent, nionorlinir crystals by the evaporation of an 
uq. soln. of manganous chloride at ordinary temp. ; but At 0 . R. Hrandes always obtained 
the tetrahydrate. I J . Sabatier also reported that when the higher hydrates are allowed to 
stand for Homo months at a summer temp, in vacuo over sulphuric acid, the tritapvnta • 
hydra! ( , MnCl a .ljH a O, iB formed, but H. M. Dawson and I*. Williams could not contirm 
tills observation. A. I)itte obtained crystals of a monohydrate, MnCI s .H a O-- perhaps a 
misprint for the dihydrato from a soln. of the salt in cone, hydrochloric acicl -rw/r infra , 
15. M. Farrar and 8. U. Pickering, W. Muller- Erzboch, and R. Braudes on the nction of 
heat on tho di- or tetrahydrate. The hydrates existing in uq. soln. have been discussed 
by M. V. Jones and co-workers. 

According to E. M. Farrer and S. IJ Pickering, when the tetrahydrate is heated 
at 200 u to 230 T , it loses some chlorine, while retaining a mol. of water; and 
F. W. Krecke also found that tin* tetrahydrate loses hydrogen chloride, forming a 
basic chloride when heated. H. M. Dawson and V. Williams observed that the 
dihydrate loses its water of hydration at 198°, forming the anhydrous salt. 
A. Hantzsch and 11. C'arlsohn discussed the nature of the manganese halides. 
According to G. Bruni and A. Ferrari, the X- radiograms of crystals of anhydrous 
manganous chloride show a rhomhohedral space -lattice with the axial ratio 
a :c J : 2-34 ; and A. Ferrari and co-workers gave ri — 7-350 A., r-- 17*45 A., and 
a : c- 1 : 2-37. They also examined isomorphous mixtures with ferrous and 
cobaltous chlorides, and L. Pauling made observations on the subject. W. Klcmm 
discussed the energy of the crystal lattice. The crystals of scaechite were observed 
by A. Lacroix, A. Scacehi, L. Pauling, and T. Montuelli and N. Tovelli. According 
to H. G. F. Schroder, the specific gravity of the anhydrous salt is 2-478 : A. Ferrari 
and co-workcrs calculated 3-0(59 from the X -radiograms. For the sp. gr. of the 
a-tetrahydratc J. F. John gave 1-56; C. H. J). Bodeker, 2-01 at 10 u ; 
H. G. F. jSchroder, 1*898 to 1-928 ; and G. J\ Baxter and M. A. Hines, 2*977 at 
25 U /4 J . F. Ephraim and A. Schiitz, and W. Klcmm discussed the molecular 
volume. G. T. Gerlach gave for the sp. gr. of aq. soln. of p per cent, of Mid 1 ]., at 

15715°: 

V . 5 10 15 20 2.i 30 35 40 45 

Sp.gr. 1 045 1-091 1-138 1-IN!) 1-245 1-300 1-372 1-443 1 514 

and H. M, Dawson and P. Williams gave for the sp. gr. of soln. sat. at 6°, and 
containing S mols of MnC'lj, per 100 mols of water : 

25 g 30° 40 1 ' 50 .17*05" WJ 70 HIT 

. 11-05 11-55 12-09 14-05 1510 15-55 15-84 10-14 

Spgr.. 1-4991 1-5049 1-5348 1-5744 1-0097 10108 10134 — 

Observations on the sp. gr. of aq. soln. were also made by J. H. Long, W. Biltz, 
G Quincke, J. Wagner, H. 0. Jones and F. II. Getman, and H. (’. Jones and 
H. P. Bassett ; for those of A. Heydweiller, vide infra. B. Cabrera and co-workers 
gave for the concentration, C grins, of anhydrous salt per 1000 grnis. of water, with 
Holn. of sp. gr. £, C=2-60+I146(£i> 0 “l)- r>74-2(Z)«, 0 — l) 2 ; and for soln. with 
C --384*2, £=1*4257(1 — 0-00031(6—20)} ; for 0-277-0, £- 1-2784(1 -0-00027 x 
(fl- 20)}; for C=- 156*6, £=1 *1437{1 —0-00022(6 20)} ; for C -82-22, £=1-0724 x 
{1 “ 0-0019(6—20)} ; for C=53-74, £_ 1 *0454 { l -(MX KM 8(0—20)} ; for C--34-89, 
£-10286(1 -00017(fl-20)}; and for C»15-G6, £-1-0120(1 -0-00015(6- 20) 
- - 0 - 008 ( 6 — 20 ) 2 }. According to T. Traube, the mol. solution volumes of the 
salt in 5, 20, and 40 per cent. soln. at 15°/15° are respectively 17-4, 25-8, and 29-1. 
A. N. Campbell examined the thesis that the sp. gr. of salt soln. can be calculated 
from the equation £a=£'a-+ iV(w a +m 6 ), where 1) N is the sp. gr. of the soln. with 
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N oq. of the salt per litre, D’y the sp. gr. of a «*oln. of ammonium chloride of the 
same normality, and m u and m b are moduli for the salt in question. 1. 1. Saslawsky 
examined the relative contraction which occurs in the formation of the chloride 
from its elements. The electrostriction is the contraction in the mol. vol. of the 
salt on soln., that is, mol. vol. of the solid salt less its mol. vol. in soln., and it was 
discussed by P. Drude and W. Nernst, V. Polowzofi, F. Kohlrausch, A. B. Lamb and 
R. E. Lee, and G. P. Baxter and C. C. Wallace. The true soln. vol. is supposed 
to be represented by Af(/x 3 — l)/Z>(^ 2 +2), where p is the refractive index for light 
of infinite wave-length. 


Eq. per litre 

0*5 

0-3 

0 2 

01 

0 05 

0 02 

0-01 

{Sp. gr. 15 /15° . 

i -025911 

1 0I5S7 

1-01033 

1 00507 

l 00240 

1 00094 

1 00047 

^IranxlO 1 . 

354 

355 

343*5 

33H 

200 

300 5 

280 

Electrostriction 

20*4 

22-3 

19-75 

17-85 

12 15 

10-8 

10-45 


Analyses of the anhydrous salt by R. Brandes, J. Davy, J A. Arfvedson, and 
E. Turner agree with the formula MnCl 2 ; and of the tetrahydratc, by R. Brandes, 
T. Graham, C. F. Rammelsberg, J. (\ G. do Marignar, and G. P. Baxter and 
M. A. Hines, with MnCl 2 ,4H 2 0. The vapour density of the anhydrous salt, deter- 
mined by J. Dewar and A. Scott, 135, is in agreement with the theoretical value, 
126, foT MnCl 2 . N. Castoro calculated a molecular weight of 131-3 to 141-2- - 
theoretical 126 — from the f.p. of soln. of the anhydrous chloride in urethane , and 
L. Riigheimer and co-workers, 129-8 from the b p. of soln. in bismuth trichloride. 
G. Bruni and A. Manuelh inferred from the eftect of the tetrahydratc on the f.p. of 
acetamide that a part of the water of crystallization remains bound to the Mu(‘l 2 , 
while with soln. in acetamide all the water separates from the Mu( 1 l 2 - 

S. Motylewsky observed that the drop weight of molten anhydrous chloride 
at its m.p. is 103 when that of a drop of water at 100° is 100. C. A. Valson found 
that the capillary rise of a normal soln. at 13 n is 58*5 mm. in a tube 0-5 mm. 
diameter. M. Goldstein found that the capillary rise of a 17-776 per cent. soln. 
at 15-5° is J43-44 when that of water is 154-5. L. C. dc Coppot, and F. Dreyer 
discussed the capillarity, and G. Tammann, the inner pressure of the soln. H. Sent is 
found for temp, between 16-9° and 18-4° the surface tension, S dynes per cm., and 
the Specific cohesion, a 2 per sq. mm., for &q. soln. with p per cent. MnCl 2 : 


P ■ 

0-60 

1249 

17-70 

22-60 

26*90 

30 85 

34 42 

37-81 

b . 

. 75-08 

76 78 

78-30 

80-20 

82 13 

M3 06 

85-22 

87-48 

o, . 

. 14-51 

14-15 

13*80 

13-50 

13 34 

13 li 

12 90 

12 80 


Observations on the surface tension were also made by W. H Whatmough, and 
H. Piepenstock. J. Graham measured the rate of diffusion of manganous 
chloride in aq. soln. ; and for the viscosity at 25°, water unity, of N- 0*5 N-, 0-25AT-, 
and 0-l25AT-soln. J. Wagner observed respectively 1-2089, 1-098 2, 1-0481, and 
1*0230, when the respective sp. gr. are 1*0513, 1*0259, 1-0125, and 1-0063. 
H. C. Jones and W. R. Veazey made some observations on this subject. 

J. C. G. de Marignac observed that the specific heats of soln. of a mol of man- 
jganous chloride in 50, 100, and 206 mols of water between 19° and 52° are respec- 
tively 0-8510, 0-9154, and 0-9526 ; and for 30 and 50 per cent. soln. between 0° and 
98° A. Bliiracke found the sp. hts. to be respectively 0-733 and 0-608. The subject 
was discussed by N. dc Kolossowsky, and K. Jauch. C. Sandonnini, and A. Ferrari 
and A. Inganni found the melting-point of the anhydrous chloride to be 650°, 
without decomposition ; and it volatilizes at a higher temp, in a current of 
hydrogen chloride. A. Ferrari discussed some relations of the m.p. C. R. A. Wright 
and A. E. Mei)ke found that volatilization occurs at a red-heat. As indicated 
above, R. Brandes, and H. M. Dawson and P. Williams found the m.p. of the 
tetrahydratc to be 87-6° ; J. B. A. Dumas made some observations on this subject. 
E. N. Gapon studied some relationships of the m.p. F. Hudorff found that the 
footing-point of aq. soln. falls 0*138° for a gram of the salt in 100 grins, of water, 
and it thus falls proportionally with the proportion of salt in soln. Observations 
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were also made by L. C. de Ooppet, and H. Goldschmidt and K. L. Syngros. 
For sol n. with M mols of the salt per litre, H. G. Jones and F. H. Get man, and 
II. G. Jopcs and H. P. Bassett found the lowering of the freezing-point of water, 
80 , and the mol. lowering, J, to be : 

M . . 0-053 0*100 0-400 I OliJ 2 00 3 00 4 00 

50 . . 0-255* 0-508 1 2-004 5 005 J 0-500 31-000° 48-500’ 

J . . 4 HI 4-70 5 01 5-02 8-25 10-33 12-13 

K. Salvadori, and W. Biltz made observations on this subject : for the observations 
of N. Gastoro, and of G. Bruni und A. Manuclli, ride supra. H Salvadori found 
the raising of the boiling-point of soln. with 1 -31, 3*89, and 12*81) grins, of MnCl 2 in 
100 grins, of water to be respectively 0-1 2 r . 0*39 \ and 1 *43 \ and the corresponding 
mnl. lowering to be 1-1, 1*3, and M. According to V. G. Maicr, the vapour 
pressure, p atm., of the anhydrous salt is : 

"HI 4 SH2 1 >134 0 1017 4 1000 0 1140 0 11004 

/> 0 01 0 05 0 10 0 25 0-50 0-75 1 00 

V 38 30 30-02 32 52 30 01 2!l-58 28-78 

K .Mlmek and 11. \ T ln>th obtained for Mnt'G - ll 2 Mu | 21f( 1 l at 700°, pun' pit* 
2*02 ' 10 3 and. by extrapolation at (V\ 2-Ort / lo 3 According to G. Tuimnunu, 
the lowerings of the vapour pressure of soln ol 8*83, l.V8b, 4415, and 811-03 grins. 
Miil'l. m OHi guns, of water are respectively 21*9, 14-0, 147*9, and 219*0 nun. 
II. M. Davison and P Williams found the vap press, p mm., of a sat. soln. with 
a solid phase ol the tel luhvdratc at temp, below 57-8 and of the dihydrate above 
that temp. , l lie dissociation pressure, mm., of the tetrahydrate : MnGI 2 .4IIoO 


- Mn('L.2llJ 

l) J 21b. 

0. a 

ml the 

dissociation press 

- />2 

mm., of 

the dihydrate : 

MnCljjilLO" 

MnGl 2 

i 21b 

►0, to 1 m 



1.') i 

20 0 

to o 

40 0 

10 0 .17 H 

00 0 

70 ,1 

HO .1 00 0 

v . 7 85 

0 45 

17 02 

28 87 

48-20 02-0 

64 8 

110 25 

1 72-1 262-0 

/'■ 3-50 

4 06 

0 31 

111 28 

4172 82 83 




Pi 



2 0 

5 0 

13 8 

20 0 

38-4 73-2 


II. Lcscoeur also made some observations on the dissociation press, of these hydrates 
(\ G. Mater’s values for the heat of vaporization of the anhydrous salt, Q cals, pc 
mol, are indicated above. According to J. Thomsen, the heat of formatioi 
(M 11,(1.,) 112 Gals., and, according to M. Bert helot, 112-8 Gals. M. Berthelo 

gave (Mn,(‘l 2l Aq.) - 12^*8 Gals.; and J. Thomsen, (Mu, 211(1, U| ) 49*4 Gals., am 

M. Rcrt helot, 49*8 (Ills. J. Thomsen gave (MnG| 2 .4H 2 0) 14*47 Gals. For tin 

heat of neutralization J. Thomsen gave Mn(<)il) 2 | 2HGl aq - Mn(% JU|< | 22*9- 
Gals., and M. Bert helot, 23*7 Gals. ; M. Bert helot gave Mn01 2liq 1 2NaOH u , 

^ Mn(01I) 2 f 2NaGl Jiq + 3*7 Gals. ; and for the heat of solution, (MnGl 2 ,Aq.) - 18*0 
Gain. J Thomsen gave for the heat of soln. of the tctrahvdrate IT>4 Gals. ; an< 
I 1 . Sabatier gave for that of MnGlo.l jHj.0, 91 (Ills, at 21 \ J. Perreu gav 
l-t>8 Gals, lor the limiting heat of soln. of the tetrahydrale. (». Beck studiei 
the energy of formation. W. llorz disrussed the entropy and vibration frequency 
and G. Beck, the fice energy of formation of the salt ; G. Devoid and A. Guzj 
gave for the free energy of formation : 

700 7.10 800 s ,0 000 'ttll 

Fnt cnci-py . 87,150 Mi, 440 83,210 81,050 70,230 72,000 rain. 

According to H. G. Jones and F. H. Gctman, the indices of refraction, /x, c 
soln. with M niols of manganous chloride per litre, for the I)- line, are : 

-4/ . . 0-053 0-108 0-133 0-280 0-533 0-708 0-002 

M . . 1 32658 1 32788 1-32820 1-33150 1-33768 1-34363 1-34588 

A. N. (’ampbell considers that these results are affected by a constant error, because 
vol. xu. 2 A 
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they are less than the result for water alone, viz. 1*33113 for fie and 1-33713 for 
/xp ; and he obtained : 

Eq. jwr litre O R 0 3 0 2 0-1 0 OR 0 02 0-01 0-005 

H V 1-33030 1-33437 1-33327 1-33228 1 33190 1-33103 1-33147 1-33131 

py 1-34239 1-34044 1-339L8 1-33822 1-33785 1-33750 1-33742 1-33727 

These results agree with /ir— 1-96 and 2-UO for the solid chloride. 
C. J. W. Gricveson measured the absorption spectrum. The flame spectrum was 
described by R. T. Simmler, G. Hufner, and J. Muller ; and C. Sheard and 
0. 8. Morris found a continuous region in the emission spectrum of manganous 
chloride between 5900 and 4450 A. (\ J. W. Grieveson, J. von Koczkcs, and 8. Kato 
studied the absorption spectrum of dil. suln. The sjiecific electromagnetic rotation 
of the plane of polarization was found by R. Wachsmuth to be 1-0454, and the mol. 
rotation, 7-3037. L. R. lngersoll gave for Verdet's constants in angle minutes for 
light of wave-lengths 0-6, 0-8, 1-0, and 1 -5/x respectively 0-0141, 0-0078, 0-0054, 
and 0-0034 for a soln, of manganous chloride of sp. gr. 1-326. II. .Jalin, and 

G. Quincke made some observations on this subject. 1). M Yost found that the 
K-absorption discontinuities are the same for manganous ions in soln or m the 
solid state. L. de Boisbaudran, J. R. Mourelo, and V. Klatt and P. Lenard dis- 
cussed the phosphorescence produced by the presence of manganous salts in the 
oxides of various metals. R. Robl observed no fluorescence in ultra-violet light. 
O. Gossmann found that no ions arc emitted by the salt heated below 425 O 8t el- 
ling, 1). M. Yost, S, Aoyama and co-workers, and K. Fajans studied the X-ray 
absorption ; P. Krishnamurti, the Raman effect ; and F Allison and K. J. Murphy, 
the magneto-optic effects. 

W. Hampe observed that molten manganous chloride is a good electrical 
conductor. The electrical conductivity, A mhos, of uq soln. of manganous chloride 
measured by .1. H. Long for soln. with p per cent of MnCh, at 18°, furnished : 

p . . 5 10 15 20 25 28 

A . .03 3 48 8 38 9 30-0 22-0 17 8 

and for more dil. soln. H. Ley gave for soln. with a mol of MnCL in v litres, at 
25°; 

v . .32 04 128 256 512 1024 

A . . 100-4 104-4 108-8 111-0 115-2 118 9 

A. Heydweiller gave for the sp. gr. and eq. electrical conductivity, at 18° : 

or.iv- JV- 2.V* 3JV- 4 n- r»Ar- IJJV- 

Sp.gr. . 1-02589 1-0512 M010* 1-1490 1 1975 1-2448 1 2917 

A . . 00-4 57-4 45-27 (35-7) 28-17 (21-8) 16 3U 

H. C. Jones and ¥. H. Getman, H. Jones and H. P. Bassett, and W. Althammer 
measured the mol. conductivity,/!, and H. t\ Jones and A. P. West also calculated 
the degree of ionization, a, for temp, between 0° and 65° : 


. 

2 

8 

16 

32 

128 

512 

1024 

<r 

08-14 

84-98 

91 79 

97-4 

107-0 

114-1 

114-9 

25 L 

121-3 

150-7 

109-0 

181-0 

202-5 

210 0 

210-8 

50° 

_ 

218-0 


288 5 

329-0 

357 0 

374-3 

05° 

- 

297-9 

-- 

355-0 

400-8 

444-7 

405-8 

0 

59 3 

74-0 

79-0 

84 H 

93-1 

99-3 

100-0 

25 r 

50-0 

72-3 

78-0 

83-8 

93-4 

99-9 

100-0 

50 

— 

58-2 


77-1 

87-9 

95-5 

100-0 

05 


03-9 

— 

70-2 

87-3 

05-5 

100-0 


The values for the degree of ionization are indefinite because of the lack of a criterion 
to distinguish whether or not the ionization occurs in stages MnCl z c^MnCr+0r 
and Mn(1 - fc Mn |-('1\ There is no minimum in the conductivity or refractivity 
curves corresponding with the minimum observed by H. (\ Jones and F. H. Getman 
in the f.p, curves. The phenomenon is explained by the assumption of H. C. Jones 
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and V. J. Chambers that in eonc. soln. the dissolved substance combines with the 
solvent with formation of hydrates, which exist in the soln. together with a small 
proportion of ions resulting from the electrolytic ionization of the salt, and that 
those substanceB which yield centals containing the largest amount of water of 
crystallization would be expected to form the most complex hydrateB in soln. The 
subject was discussed by W, Bilt-z, H. C. Jones, and A. Giinther-Schulze. W. Bcin 
calculated the transport number for the cations of 0-05iy-Mn01 2 to be 0-387 at 
18°. E. Rimbach and K. Weitzel measured the conductivity, A, in methyl and 
ethyl alcohols, and in acetone, at temp. 0°, between 0° and 4f>°. The results arc 
represented as a function of the temp, by A ~-Ai o"{l+a(0 7-5)+6(0— 7*5) 2 }, for 
an oq. of the salt in v litres, where a and b are constants with the following values : 



f v 

2-451 

9-832 

35-79 

143 2 

570 1 

CRjOH 

I a 7-.r . 

12-33 

19-07 

20*07 

35-28 

47-23 

a 

1 23 

119 

1-10 

1-05 

1-05 


\ b 

-3-5 

107 

0-52 

1-01 

-2-25 


V 

1-058 

9-321 

37-30 

55-88 

2235 

C, 11,011 

A 7-5° . 
a 

2-389 

1 24 

3 203 

1-27 

5-301 

1 47 

0-085 

1 45 

8-948 

1-51 


b 

- 8-5 

112 

13 5 

- 10 

-4-1 

| 


70-91 

153 K 

207-0 

015*3 

1231 

(rLco.f’iiJ 

1 A 7 5 ’ . 

9 521 

1008 

11-01 

12-24 

12 70 

| a 

0-003 

0-548 

0-50H 

O 451 

0404 

1 

h 

-4-79 

10-3 

-9-3(1 

--8-48 

- 7 75 

Observations were 

made by E. 

(\ Bunks 

and co 

workers. R. 

Miiller and 

co-workers 

observed 

that 0-liV- 

and O-lGHAT-soln. 

of manganous 

chloride ut 


20° show indefinite decomposition potentials of about 2 volts. G. Devoto 
studied the subject. The electrolytic oxidation of manganous salts has been dis- 
cussed by N. W. Fischer, A. (J. Becqucrel, C. Lurkow, M. Berthelot, A. Tlassen, 
A. Classen and M. A. von Reis, F. Rudorff, A. Riche, A. Brand, L. Schucht, 
V Engels, J. Keister, A. Piccini, E. Frei, K. Elbs, Badiselie Anilin- und Sodafabrik, 

F. W. Skirrow, M. G. Levi and F. Ageno, G. N. Otin, E. Grave, and G. J). van 
Arsdale and (\ G. Maier — vide supra , manganese dioxide and the permanganates. 
M. Sem said that, the electrolytic oxidation at 10° proceeds only to the manganic 
stage, and at 60° there is no sign of the formation of a tetrachloride. B. Neumann 
found the c.m.f. of the cell Mn n Hg | 0-5Af-MuCL | elertrolyte | iV-KGl,Hg 2 Cl 2 | Hg to 
be - 1-384 volts at room temp.--»»irfc supra , the potential of manganese. 

P. Thcodoridta gave 110-95x10“ 6 mass unit for the magnetic susceptibility 
of the solid chloride. G. Wiedemann, and E. Wedekind said that the magnetic 
susceptibility of soln. of the manganous salts is greater than that, of the ferric salts. 
The subject was studied by A. Iluperior, B. Cabreru and co- workers, F. Auerbach, 
0. Wylach, G. Piaggosi, G. Quincke, G. Jkger and S. Meyer, A. Heydweillcr, and 
1\ Pascal. 0. Liebknecht and A. P. Wills gave 117x10 6 to 127 x 10~® mass unit 
at 18°^ T. Ishiwara, 111-8x10 n ; P. Theodorides, 114-8x10"®; and W. Suck- 
smith, 112-2x10“®; B. Cabrera and A. Duperior, (3. Falckenberg, and P. Theudo- 
rides studied the effect of temp, on the susceptibility. T. Ishiwara, and K. Honda 
and T. Ishiwara gave : 

‘1780' --G8-7 0 22-0“ 23-0'* 110 7 J :i28-4° 428-fl 1 02I-0* 717 4 

*x!0« ; 3930 152-5 129-7 107 0 78 0 51-3 43-2 33-5 28 0 

W. L. Rolton and R. 8. Troop observed no change in the surface tension of soln. 
of the salt under the influence of a magnetic field of 16,000 gauss ; and W. E. Garner 
and D. N. Jackson, no change on the mutarotation of sugar by manganous chloride 
in a magnetic field. S. 8. Bhatnagar and co-workers observed that paramagnetic 
manganese salts become diamagnetic when adsorbed on charcoal, showing that 
adsorption is more analogous with chemical combination than admixture. 

G. Quincke found the magnetic susceptibility of nq. soln. to he : 

Sp.gr. . 1 0357 1 1209 1-1730 1-2992 1-3339 1-3095 

□UHcoptibility x 10" 5-80 19 5 28-3 49-8 50-1 58-3 
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and he pave 34-8 X 10 6 for a soln. in methyl alcohol of sp, gr. 1 *0800 ; and for soln. 
in ethyl alcohol of sp. pr. 1*0258 and 1*0304 respectively 30*2 X 10“ 6 and 30*6 XlO -0 . 
B. Cabrera and A. Duperior, and J. Aharoni studied the magnetism of aq. soln., 
and they gave for soln. with C grins, of anhydrous salt per 1(XX) grms. of 
solvent, 0-0*3845, the mol. susceptibility is 0*0150, and for V -0*00582 the 
mol. susceptibility is 0*149. These results agree witli 4-4 A'(T \ &). S. Freed 
and (J. Kasjier discussed the susceptibility of manganous ions involved in the 
formation of complex salts, G Jiiper and S. Meyer gave 52*4 10 0 for an aq. 

soln. with 3*55 mols j>er litre : and H. du Bow, for an nq. soln of sp. gr. 1*045, 
6*82x10 6 Water alone is diamagnetic, and paramagnetic if the sp. gr. exceeds 
this value : 

Sp, pr. 0-9992 1-0010 1 002ft 1-0010 10054 1-0087 1-0445 

Susceptibility X 1<)« - 0-H37 -0*418 -0-127 0 000 0 182 0*578 0*819 

J. A Arfvcdson, and ,1. J. Ebelmen found that manganous chloride is not decom- 
posed by hydrogen at a red-heat. K. Jellinck and co-workers studied the reduction 
potential of the chloride by hydrogen. W. Ipatieff und W. Kisseleff observed that 
hydrogen at 300 J and over 150 atm. press, acts on soln, of manganous chloride, 
forming Mn().H«0. K. Jellinek and R. Ulroth studied the reaction MnCL | II,, 
.-->2HC1 | Mn at elevated temp. M. Berthelot observed that when the chloride 
is heated in oxygen, the higher manganese oxides are formed According to 
J. Meyer and R. Ncrlieh, manganous ions are not oxidized by atm. oxygen ; nor 
has the presence of sodium sulphite or ursenitc any influence. Manganous Halts 
in amniOi.iacal or alkaline, soln. arc oxidized to manganic hydroxide ; Ihus, mail 
ganous chloride made alkaline with ammonia and mixed with ammonium chloride 
is oxidized by air to manganic hydroxide. Tn the presence of tartaric or oxalic 
acid, manganous salts are not precipitated by alkalies, and autoxidation takes plare 
rapidly. In the presence of ammonia, the product is manganic hydroxide, but in 
the presence of sodium or potassium hydroxide, manganese dioxide is formed, 
probably Irecause in presence of these stronger alkalies the complex compound is 
less stable, some manganous hydroxide being always present and oxidizing directly 
to the dioxide. Potassium and sodium manganocyanides were oxidized to man- 
ganic hydroxide, whilst soln. of a manganous salt mixed with potassium thio- 
cyanate were not oxidized at all. V. Lcnher found that when a 1 per cent, soln of 
manganous chloride and about a gram of calcile were kept for a few weeks in the 
presence of lead, bismuth, tin, arsenic, antimony, mercury, copper, zinc, nickel, 
cobalt, cadmium, silver, gold, mercuric sulphide, milleritc, pyrites, chaleopyrite, 
and zinc-blende, the first noticeable separation in the tube with the soln. and 
calcite alone occurred after several weeks, l^ead and bismuth accelerate the 
reaction, producing the same effect in a few hours. All the other substances had 
no accelerating effect. In fiat, in the case of antimony, tin, and arsenic there was 
a retarding action, hut this was due, nut to a negative catalysis, but to the reducing 
action of the salts of these metals which would he formed. J. Davy observed 
that when heated to redness in air, manganosie oxide is formed, while L. Gmchn 
added that no free chlorine is evolved, and A. Gorgeu, that an oxychloride, 
Mnflg^MiiaC^ is first formed ; this passes into hemitrioxide, and at a higher temp, 
a higher oxide is formed. 1. F. Hoffmann studied the catalytic oxidation of man- 
ganous salts with tetramethyl-p-phonylencdisminc as catalytic agent. W. Weldon 
found that when a mixture of manganous and magnesium chlorides is heated in a 
current of air, chlorine and magnesium manganite are formed. Manganous ions 
do not oxidize in acidic or neutral soln., but, as shown by J. Meyer ami co-workers, 
soln. containing hydroxyl-ions yield hydrated manganese henntriuxide or dioxide 
- vide mpra, manganous hydroxide. (\ F. Hchonbein observed thut paper soaked 
with a manganous salt becomes brown when exposed to ozone ; and IV Jannasch 
ami W. Gottsehalk, that a soln. of a manganous salt when treated with ozone 
precipitates hydrated manganese 1 dioxide. A. Mailfert observed that there are 
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throe kinds of products : fi) wine, soln, give a brown or black precipitate of man- 
ganese dioxide provided the ozone is in excess ; (ii) a violet soln. of permanganate 
in soln. with a dilution not exceeding 1 : 3(HX) ; and fiii) a yellow or brown soln. 
with a dilution of from 1 : 30, 000 to 1 : 600, fXX), and the composition of the product 
is MngOg or Mn 4 O n . According to L. Maquenne, the precipitation by ozone must 
be regarded as the result, of a secondary reaction between an untransformed portion 
of the salt and the permanganate produced by immediate oxidation. If more 
llum J(. per cent, of sulphuric acid is present, the hydrated dioxide is no longer 
precipitated, and if over 30 per cent, is present, manganic sulphate is formed 
instead of permanganate. In very 1 * 0114 . soln. of manganese, precipitates are 
always formed; at least 50 per cent, of .sulphuric acid is present; if otherwise 
manganic sulphate is produced. 

F. Kuhlmann found that when the chloride is healed in water vapour, hydiogen 
(blonde and manganese tntatetroxide are produced. The solvent action of water 
has been previously described. The taste of the salt is described by J. L Proust 
as being saline, but not unpleasant. L. Bruner found the hydrolysis of soln. of 
manganous chloride to be too small for measurement. According to H. W. Fischer, 
the salt is hydrolyzed when an aq soln. is heated to 2 (K)° in a bomb, and a dark 
brown preeipitate is formed. A. Gorgeu observed that when an excess of a hot, 
cone soln of manganous chloride iH treated with sodium carbonate and boiled 
half an hour, a gelatinous precipitate of the oxychloride Mn(T>-2 or 3Mn() is formed ; 
and if manganous chloride be melted at. a dark red heat in the presence of steam, 
luii with the exclusion of oxidizing gases, manganous oxydichloride, MngOf 1 ^ 
js formed 111 aricular crystals which are slowly decomposed by water and alcohol. 
A F. lingers described emerald -green crystals of a manganese oxychloride, or 
manganese dichlorotriperm&nganite, MnC'L 311*0, or Mn 4 C1 2 O 0 3ll a O, from 

1 lie vjcmit\ of San .lose, Galifornia, and the mineral was called tempi te- after 
J F Kemp Tin* rhombic c rystals have the axial ratios a . l> . ' 0077 : 1 : 0-717 ; 

the sp. gr is 2 J M , the hardness, 3T» ; and the indices of refraction a 1-681, 

J 8 1-61)5, irndy 1 -G 9 K. Keinjute dissolves in hydrochloric acid with the evolul ion 

of chloime. 

According to G. Rosenthal, hydrogen dioxide precipitates manganese dioxide' 
from mi acetic acid soln. of ti manganous salt. The reaction w r as studied by 
S. T. Orlowskv. B. V. Brodie found that 111 alkaline soln. hydrogen dioxide 
oxidizes the manganous salt to the dioxide A. (\ Robertson examined the catalytic 
decomposition of hydrogen dioxide by the manganous salts. For the action 011 
permanganate, ride supra. S. T. Orlowsky studied the action of sodium dioxide. 
II. K wusnick found that barium dioxide ill a soln. of a manganous salt gives off 
oxygen vigorously; the action of lead dioxide lias been discussed in connection 
with the formation of permanganic arid. O. Kuhling found that manganous sail 
Noln. are slowly oxidized by silver peroxide and nitric arid in the cold ; a perman- 
ganate is first formed, and the soln. then becomes colourless owing to the separation 
of hydrated manganese dioxide. If more silver peroxide is added, the pink colour 
does not disappear until the soln. is heated, and finally the colour is persistent and 
a clear soln. of permanganate is formed. 

According to II. Moissan, fluorine transforms manganous chloride largely into 
the trifluoride. V. Thomas and P. Dupuis observed that liquid chlorine at its 
b.p. does not act on manganous chloride. N. A. E. Mjllon observed that chlorine 
oxidized dll. soln. of manganous chloride to the hydrated dioxide, and A. Snbrero 
and F. Selmi observed a similar result occurs in darkness in the presence of alkali 
or alkaline earth chloride. As shown by L. F. Rivot and co-workers, F. Stromeyer, 
J. Schiel, Jl. Rose, (\ R. Fresenius, and J. Volhard, chlorine oxidizes hot, dil. neutral 
or feebly acidic soln. of manganous salts to hydrated manganese dioxide, and 
ts V< rr l permanganate -vide mpra ; and II. Kaminerer, T. T. Morrell, E. Riley, 
8 - T. Orlowsky, and I\ Waage obtained similar results with bromine. R. F. Wein- 
Iftnd and F. Schlegelmilch found that orange-red needles of manganous diiodocto- 
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chloride, Mn( '1.,. 2IC!, .811,0, are formed lty imasing chlorine into a suHpmision of 
iodine in a cone. soln. of manganous chloride. As in the cam* of other bivalent 
salts* there is a general tendency of the manganous Balts to form complex anions 
with n feeble electro-affinity. S. T. Orlowsky studied the oxidizing action of iodine. 
K. Fredenliagen and G. (laden bach, and K. Frcdenhagen studied the action of 
hydrofluoric acid on manganous chloride. B. E. Dixon and .1. L. White, 
T. ,1. Pearsall, E. and B. Klimenko, J. Vulhard, and R. Phillips showed that a 
soln. of n manganous salt is oxidized by sodium or calcium hypochlorite vide 
supra, potassium permanganate ; E. Doniges, by sodium hypobromite ; and the 
action was found by A. .1. Balard, ami J. IVlouze to be very slow with chloric 
acid. (V F. Rammelsberg, and S. R. Benedict also found that manganous sails 
are oxidized by bromic acid, and periodic acid. W. Ostwald observed that 
manganous chloride exerts a small catalytic action on the velocity of the reaction 
between bromic and hydriodie acids. N. lsgarischeff and S. Hrhapiro observed 
its effect on the rate of dissolution of marble. ,J. F. Simon, and I). Vitali found 
that manganous salts are oxidized by potassium bromate aud sulphuric acid ; 
J. F. Simon, by hot soln., by potassium Chlorate and sulphuric acid ; and 
J. B. Hannay, by potassium chlorate and nitric acid. According to J. Townsend, 
chlorine is formed when bricks soaked in manganous chloride are heated to 
loir -100* in a current of hydrogen chloride and air; and M. (J. Devi and 
V. Bcltoni studied the action of manganous chloride as a catalytic agent in 
H. W. Deacon's process for chlorine. M. Bert helot observed that fuming hydro- 
chloric acid and oxygen added to a soln. of manganous chloride at ordinary 
temp, form chlorine. A. Dittc found that the solubility of manganous chloride 
in hydrochloric acid increases with increasing proportions of H(1 ; it is greater 
with hot than with cold soln. ; he also added that the inonohydrate crystal- 
lizes from cold soln. in the cone, acid- 100 c.c. of the cone, acid dissolves 19 grms. 
of the salt at 12°. M. Bobtelsky studied the catalytic effect of manganous chloride 
cm the oxidation of hydrochloric acid by chromic acid ; and M. Bobtelsky and 
A. Rosenberg, the catalytic effect of Mn -ions on the oxidation of hydrogen bromide 
by chromic acid. 

H. A. von Vogel observed that when manganous chloride is heated with sulphur, 
manganous sulphide is formed. A. W. Ralston and ,1. A. Wilkinson found that the 
soln. in liquid hydrogen sulphide is non-conducting. In the equilibrium 
Mn(!b+H 2 S^MnS”)-2HCl 1 K. Jellinek and G. von Podjasky found that equilibrium 
occurs at 407° with Iff per cent. HOI by vol. ; at 506° with 43*5 ]>cr cent. HOI by 
vol. ; and at 583° with 72 per cent. IKJI by vol. : and he gave for the heat of the 
reaction —264)30 Cals. 0. Ruff and B. Hirsch discussed the fractional pre- 
cipitation of manganese as sulphide, hydroxide, and carbonate. According to 
H. W. F. Wackenrodcr, hydrogen sulphide gives no precipitate with neutral or 
acidic soln. of manganous salts, but with neutral acetate a little manganous sulphide 
may be formed. A soln. of ammonium sulphide givcH a flesh-coloured precipitate 
of manganous sulphide, which is oxidized brownish-black on exposure to air, and 
which is insoluble in an excess of the precipitant, but soluble in dll. acids. J. Lcfort 
and P. Thibault said that the precipitation of the sulphide is hindered by the 
presence of gum arabic ; J. Spiller, by the presence of alkali citrates ; and H. Rose, 
by the presence of pyrophosphates. The subject was discussed by A. Classen, 
H. How, 0. R. Fresenius, and A. Terreil. A soln. of a manganous salt iB not affected 
by sulphur dioxide. P. Berth ier also said that potassium sulphite gives a pre- 
cipitate when the soln. is boiled, but not so with ammonium sulphite. L. Meyer 
observed that the oxidation of sulphurous acid in air is accelerated by manganous 
salts more lhan is the case with ferrous, cobalt, nickel, zinc, cadmium, or magnesium 
salts. L Meyer found it to be a good catalyst in the oxidation of sulphur dioxide. 
A. Vogel found that with cold, cone, sulphuric acid hydrogen chloride is evolved 
and manganous sulphate is formed. The action of paiiulphaies has been discussed 
in connection with the formation of permanganic acid. 0. W. Gibbs observed no 
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precipitation when a manganous Halt soln. in heated with sodium thiosulphate 
under prows., but J. T. Norton found that a little manganous sulphide is formed. 
(). Brunok observed no action with sodium hyposulphite. 

E. I 1 . Lewis obHcrved no phosphorescence with active nitrogen. G. Gore, and 
E. C. Franklin and C. A. Kraus stated that manganous chloride is insoluble in 
liquid ammonia . U. N. Warren noted that when the chloride is heated with 
ammonia a nitride is formed. H. Rose reported that ammonia unites with man- 
ganous chloride to form manganous monamminochloride, MnCL.NH* ; while 
W. l J et era found that the salt at 160° forms manganous hexamminochloride, 
MnCL. 6 NU ;j . In vacuo the hexammine loses 4 mols. of ammonia. F. Ephraim 
found the dissociation press., p mm., to be : 

r,(> (i.-i 0 70 75 ,V SO” 81" H7:T !)0 5“ 01° 

J, . J70 230 300 375 470 557 005 750 705 

Arcm ding to W. Bilt/ and («. F. Uiittig. anhydrous manganous chloride, at the temp, 
of solid carbon dioxide and alcohol, rapidly absorbs ammonia to form the white, 
hexammine At 76-3 r the isothermal curve falls a little, and then remains hori- 
zontal until the composition approaches that of manganous diamminocbloride, 
MnCL . 2 NH;|, the isothermal for which is 2299". There is then evidence of the 
formation of the monammine, Fig. 60. No other ammines exist under these 
conditions. W. Biltz and E. Birk studied the mol. vol. The dissociation press., 
p, and the heats of dissociation, (f Cals., are for manganous hexamminochloride, 
JVliiCb.hNHj, at 59°, p 21ft nun.; at 63', p 25H mm.: at 76-5 r ’, p 495 mm. ; 
and the mean value of (f - lft-ft Cals. For the diammine, at 181", p 65 mm., and 
if 18-7 Cals. ; at 206 f , p 196 mm , and if Ift-H Cals. ; and at 230 . p- 407 mm., 
and if 19-i Cals. For the monammine, at 215", p— 9-4 mm., and (f - 22-1 Cals.; 
at 230 , p 2ft mm., and Q 21-75 Cals. ; and at 278°, p - 95 mm., and Q— 22-7 
Cals. F. Muller gave - lft r for the dissociation temp, of the hexammino- 
chlnride ; 87 1 ' for the peiilannninoelilorirle ; 240 u for the diamnnnorhloride : and 
over 3H0° fm (lie monamminochloride. F. Ephraim, and G. L. (lark also studied 
the hexammine ; and F. J. Garrick calculated values for the energy of co-ordina- 
tion. W Biltz and E. Rahlfs found that at still lower temp, and in contact with 
liquid ammonia it is possible to prepare manganous dodecamminochloride, 
MnCL I 2 NH 3 , whose dissociation press., p mm., and heat of dissociation are at 
7H-5" (Fig. 61), p— 29*5 mm., and (f- 7-14 Cals. ; and at 65 n , p 97-5 nun., 
and if 7-15 Cals. ; this complex breaks down into manganous decamminochloride, 
MnCljj.lONHfl, which at 78-5° has p 20-5 nun., and (^-7-28 Cals., at 65", 
p 72, and (^-7-27; at 60 n , p J()7, and (f 7-28; at 55 c , p - 160, and 

and at —50°, p 220, and (f 7-30 F. Ephraim discussed the con- 
traction in vol. attending the formation of the ammines. Neutral soln. of man- 
ganous salts with aq. ammonia give a partial precipitation of white manganous 
hydroxide, which is insoluble in excess of aq. ammonia and turns brown in air ; 
if the soln. be acidic, or if ammonium salts be present, precipitation does not occur. 
The precipitated hydroxide dissolves in soln. of ammonium salts with the liberation 
of ammonia; any admixed higher oxide remains undissolved. Ammonium Salt 
soln. of manganous salts deposit brown hydrated oxide on exposure to air. W. Hcrz 
discussed the equilibrium phenomena between the ammonium and manganous 
salts. H. Rose observed that the precipitation by ammonia is hindered by tartaric 
acid. 0. Vincent found that dimethylaniline behaves like ammonia ; and T. Curtius 
and F. Schrader, that hydrazine hydrate precipitates brown manganous hydroxide. 
1L Franzen and 0 . von Mayer obtained manganous dihydrazinochloride, 
MnCL.2N.,H 4 ; and A. Kermtini, manganous trihydrazinochloride, MuCL^NoIIgCI, 
as a white crystalline powder which melts between 238 vl and 242° ; it is sparingly 
soluble in cold but easily soluble in warm alcohol with partial decomposition, and 
lt ,s freely soluble in water. W. Foldt prepared manganous dihydroxylamino- 
Chloride, MnC^N^OH, as a stable, white powder which decomposes suddenly 
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at 150°- 160°. N. Pf Aimer obtained manganous hemitrihydroxylaminochloride, 

2MnCl2.3NH2OH.GH2O, by the action of manganese on an alcohol soln. of hydroxyl- 
amine hydrochloride. According to W. Prandtl, if a drop or two of a manganous 
salt soln. is added to a cold soln. of sodium nitrite in cone, hydrochloric acid, there 
develops a deep brownish-yellow coloration, due to the manganic chloride which 
is formed. Similarly, if oxalic acid is added to a soln. of sodium nitrite containing 
a mere trace of a manganous salt, the deep cherry-red colour of manganic oxalate*, 
appears. G. Hiifner observed that a soln. of manganous chloride absorbs nitric 
oxide, and inferred that the absorbed gas is partly united chemically with the 
solute, and pari is dissolved in accord with Henry's law, so that the gas is more 
soluble in the salt, soln. than it is in water alone. If v c.c. are absorbed, then a v.v. 
are loosely bound chemically, while b c.c. arc absorbed in accord with Henry s law, 
0=2*5518 -f 0*01 6538/1, where p mm. denotes the press. The cneff. of absorption 
is 0*06111. F. L. Usher, however, said that nitric oxide is indifferent towards 
manganous chloride in soln., and the solubility of the gas is similar to that of other 
inert gases, for it is less in the aq. soln. of manganous chloride than in water alone. 
It is difficult, to prepare the gas of a high degree of purity. Manganous chloride 
dissolves in cone, nitric acid, forming a yellow soln. which soon becomes deep brown 
and opaque. According to A. Sehlesinger, some manganic nitrate and chloride 
are formed, and when the soln. is boiled, a basic manganic nitrate is precipitated. 




Fiu. GO. — Dissociation Pressures of Km. til. -.Uissociatioii Pressures of 

Manganous Hexarnrninoeliloride. Manganous Dodeeamnunoehloride. 


F. W. O. dc (-oninck observed that when the hot soln. in sulphuric acid is mixed 
w’ith nitric acid, chlorine is first given off, and then some nitrous fumes. In dil. 
soln. the manganous salts are not oxidized by nitric acid. L. P. de St. Gilles 
observed that an oxychloride is formed when manganous chloride is fused with 
sodium nitrate at 250° for a long time and the product washed w'ith water. 
E. P. y Alvarez found that pemitrates form permanganate. II. Rose observed 
that heated manganous, chloride is decomposed by phosphine : 3MiiC1 2 +2PH 3 
=Mn 3 p2+6HCl. II. Rose, and L. (J. A. Uarreswil found that when melted with 
syrupy phosphoric acid and potassium nitrate, ail amethyst-blue glass is formed 
sensitive to 0 01 mgrm. of manganese ; for sodinm phosphate, vide supra, the 
analytical reactions of manganese, H. P. Cady and R. Taft found that the chloride 
is insoluble in phosphoryl chloride. E. P. y Alvarez found that perphosph&tes 
form permanganate. R. Lang and co-workers observed that manganous salts 
are not in general oxidized by chromic acid or the chromates, but the oxidation 
is induced in the presence of arsenites. Thus, potassium dichromatc in the presence 
of an arsenite oxidizes a manganous salt to a manganic salt: Mn 11 -f-Cr vl 4-As J11 
— Mn in +Cr ni + B AB V . 

N. Schiloff and S. Pewsner studied the adsorption of the soln. by charcoal. 
J. Hoffmann prepared wanyamntti loroheptachloridc , 2MnCl 2 ,B01 3l by the action of 
chlorine on manganese boride at a red-beat. According to J. F. John, hydrated 
manganous chloride dissolves in alcohol, forming a green soln., which, according 
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to R. Branded, burnt* with n reddish flu me. R. Braudes gave for tlie percentage 
solubility, S, of inmiganous chloride in alcohol : 

7.1 per <vnt. alcohol Ahnolutc alcohol 

r ' ” A > * A 

111 2,1 43 7.1 ' H7-.V* (b.iO N 2.1 1 517 A ' 7(> 2.V (b.ji.) 

MnCJj . 23-1 30-1 37 ,1 32 2 33 3 33 3 33-U im?i- rent. 

and MnFb crystallizes from these soln. on standing The solubility, S, of the 
letnihvdmtc in 75 per cent, alcohol at 10 , 25", 43*75 , and 87 5' (h p.) was found 
to be respectively N 53, 132, 114, HMH ])cr cent. MnClg^FM). ti (\ Uibson 
and co workers found the solubility of manganous chloride in methyl and ethyl 
alcohols. S grin, of salt per gram of alcohol, to be : 

(11,011 ( .H b ()ll 

/ * , ^ 

J.t 2,» 11 I > .1.1 I.I .11 .»V 

.S 0 00)00 0 00! It 0-00004 0-00043 0-0002!) 0-00012 0 000 U U»0U2I 

F Boijiiou observed lliat t lie soln in alcohol gives, on evaporation, rose red crystals 
of the h Hilcoholofc. MntT.’lt which has a sp. gr. of 1*5 at 10 , and .t heat 

of formal inn ol 2 30 t’aK The alcohol is all given otT between 150 ami 200°. 
ft llrundes said that manganous chloride is insoluble in ether, rl W. ilobereiner 
obsened that t Tu* tetiahy (Irate is insoluble in absolute ether, and this solvent 
doe 1 ' not abstract the water of crystallization. If 15 to 20 vols. of ether are added 
to a vol. of absolute alcohol sat. wit li MnDg, manganous chloride is completely 
picnpiOimd It. Muller measured the solubility of manganous chloride in pyridine. 
11 Muller and to workers, and F. licit /.eastern j ire pa red a complex with pyridine, 
namely, manganous dipyridinochloride, Midi. 2( , r ,llr,N, and determined the elee- 
trniil conductiviU ol its soln. ; and b. Bmeussnliu obtained the complexes 
Mud.. r t ,H v N N(’l and Mn(T. : 2( , J1; I N.H( 1 I According to H H Moore and 
•I Miller, the pvrnlme complex is more stable than the immune. II. (irossmann 
and Ik Schuck obtained an insoluble precipitate by adding guanidine carbonate 
to *i s u |n of a mamrnnous salt (1. A. Harbieii and F. ('alzoluri, und t*. Hragliarini 
and (I Tart su ini obtained a complex with hexamethylenetetramine, namely, 
Mn< ’L* 2( \ 5 n (1 .N i 1011 d) ; and A. Rosenheim and V. .1. Meyer, a complex with 
thiourea, namely. MnCL.K^NFL)*, and he measured the conduct ivit) of its soln. 
t' Bruni and A. Mamiclli found that soln. of mangiinous chloride iri acetamide 
are strongly ionized- -r/r/c supra. jN. (’astnrn examined soln. in urethane - -vide 
*upra. A. Tnllat observed a blue coloration is produced with tetramethyl- 
diamidodiphenylmethane vufr i m pm, analytical react ions. Both the anhydrous 
salt and the totrahydrate w r ere found by R. Braudes to be insoluble in turpentine, 
b. Fjirinier studied the reactions of the mnnganous salts with turpentine, pincnc, 
oil of lemons, and oil of thyme. E. Raymond studied the action of manganese salts 
on the oxidation of benzaldehyde. A. Namnunn found that manganous chloride is 
insoluble in ethyl acetate, sparingly soluble in methyl acetate, and slighlly soluble 
1,1 benzonitrile. E. Rousseau observed the polymerization ot formol by man- 
ganous chloride in ultra-violet light. According to (). IV. (Tibbs, C. R. Fresejiius, 
and A. (lassen. oxalic acid precipitates from concentrated but not from dilute 
soln. of manganous chloride crystalline manganous oxalate, which is soluble in 
hydrochloric or sulphuric acid, but not in oxalic acid or alcohol. A. Villiers, 
and W . Sander observed that when a mixture of equal vols. of a sat. soln. of 
oxalic acid, 25 per cent, hydrochloric acid, and 25 per cent, nitric acid is heated, 
there is no evolution of gas, but if a small quantity of any manganese salt is added, 
there is an almost immediate reaction, with the evolution of carbon dioxide and 
nitrogen, and the decomposition proceeds even if heating is discontinued. If the 
nitric acid is m excels, the oxalic acid is completely oxidized. With more cone. 
h ."?' ^ u * oxalic acid is slightly decomposed even in absence of manganese, but the 
difference produced by the addition of manganese is very marked. Many other 
compounds of the fatty group, such as glucose and saccharose, behave in the same 
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way. Compounds of the benzene group, on the other hand, yield chlorine sub- 
stitution products instead of oxidation products ; benzene and toluene, for example, 
yield chlorobenzene and chlorotoluene respectively, even at the ordinary temp. 
A. Classen found that potassium oxalate precipitates ull the manganese as oxalate, 
soluble in an excess of the oxalate, and precipitated from that soln. by acetic acid. 
The oxidation of oxalic acid by potassium permanganate is accelerated by the 
presence of manganous saltH, ah shown by A. V. Ilarcourt, A. V. Harcourt and 
W. Eason, and W. P. Jorisscn and L. T. lteicher ; and likewise with the oxidation 
of tartaric acid, AH shown by J. K rut wig. E. Darmois studied the effect of man- 
ganese chloride on the rotatory power of tartaric acid. 8. Hakomori observed 
the formation of complex salts with tartaric acid and manganese salts. According 
to J. Spohr, J. H. Long. L. Kahlenbcrg and co-workers, and C Kullgren, the 
specif of inversion of sugar is accelerated by the presence of a manganous salt. 
W. E. Garner and D. N. Jackson observed that the hydrolysis of aq. soln. of glucose 
or sucrose 1 , in the presence of manganous chloride, is not appreciably affected by 
a magnetic field of 7000 to 8000 units. 13. Kohnlcin found that manganous chloride 
and propyl iodide do not readily exchange tlieir halogen atoms at 145° to l. r >0" in 
4 hrs. R. Kuhn and K. Meyer noted how manganese salts accelerate the uutoxida- 
tion of benzaldehyde, and V. K. la Mer and J. W. Temple, the autoxidation of 
quinol. A. Trillat measured the behaviour of manganous salts in acting as inoifjamc 
enzymes, by measuring the volume of oxygen absorbed in a given time by a definite 
quantity of gallic acid, quinol, pyrogallol, or tannin, in the presence of a manganous 
salt (chloride, sulphate, or aeetate) ; under these conditions the manganous salts 
only become active in the presence of an alkali hydroxide or a salt of an alkaline 
earth, the increase in the rate of oxidation being proportional to the quantity of 
alkali hydroxide present, whilst for the some quantity of alkali hydroxide an 
increase in the quantity of the manganous salt beyond a certain limit lias a para- 
lyzing effect. Certain substances, such as arsenic acid, mercuric chloride, hydro- 
cyanic acid, and hydrogen sulphide, which act as poisons on organisms, have the 
effect of retarding the reaction - vide, swpia, the physiological action of manganese 
According to E. Rousseau, salts of manganese exposed to solar or ultra-violet 
radiation fix the ultra-violet energy which produces phot oca taly tic effects m 
sterilizing or activating ferments. W. Thomson and F. Lewis studied the 
action on indiarubber. V. F. Rannnelsberg observed that the reddish -while 
precipitate produced hy potassium cyanide ill soln. of manganous salts quickly 
turns brown in air ; and F. von Ittner found that the precipitate is soluble in soln. 
of alkali cyanides and is decomposed by acids ; and J. Huidlen and l 1 . It. Frescnius 
noticed that if the soln. of manganous salt lie poured into that of potassium cyanide, 
the liquid becomes pale brownis-h-red and a dirty reddish-yellow precipitate is then 
formed ; this dissolves to a brownish-red liquid. Acids do not piecipitate manganous 
cyanide from the liquid; but the liquid deposits hydrated manganic oxide on 
exposure to air. Observations were also made by J. H. Eaton and R. Fittig. 
F. J. Otto found that potassium terrocyanide gives a white precipitate with man- 
ganous salts ; it is easily soluble in hydrochloric acid, but not in an excess of 
jiotassium ferrocyanide, ammonium chloride, and other salts. (\ H. Pfaff added 
that the precipitation occurs with one part of Halt in 6001) parts of water ; and 
L. Blum also said that manganese can be so detected in a Holn. containing 0-00004 
grm. Mn. The brownish -yellow precipitate with potassium ferricyanide is not 
soluble in hydrochloric acid, but is decomposed by the hot acid. Observations 
were made by E. Lennsen, A. H. Allen, S. T. Orlowsky, (\ N. Draper, and 
8. M. Deane. E. II. Miller and J. A. Mathews observed that OTiAT-MnL'Ig gives a 
white precipitate with a O-fiA'-soln. of potassium cobaltic cyanide. A. Giinther- 
Schulzc studied the basic exchange of manganous chloride and permutile. 
0. V. Magistad observed that the manganese of manganous chloride und sulphate 
replaces lime in zeolites. 

J. G. Hibbs and E. F. Smith examined the action of magnesium on Aq. or 
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alcoholic soln. of manganous chloride, and obtained a deposit of what may have 
been manganese or n hydrated oxide of that element ; 1. litaka also studied the 
reaction. A. Terrcil observed that manganous chloride explodes when it is heated 
with zinc. The action of metftls on suln. of the salt has been discussed in connection 
with the metallic precipitation of manganese. Soln. of manganous salts give a 
white precipitate with alkali hydroxides ; the precipitate is not soluble in an 
excess of the alkali-lye, but is easily soluble in a soln. of an ammonium salt; it 
turns biown on exposure to air. E. Donat h found that the precipitation is hindered 
bv glycerol ; and J. Lefort and P. Thibault, by gum arahic. if. Pelabon and 
M. Delwanlle observed that with mercuric oxide manganese oxides Mn 3 () 4 , Mn 2 0 3 , 
and Mn0 2 — are formed as well as basic mereurie chlorides, depending on the con- 
ditions. E. Ticdc and It. Piwonka studied the manganese-alumina phosphors. 
11. Hose showed that alkali carbonates give a white precipitate of manganous 
carbonate, which heroines brown if heated in air ; the precipitation is incom- 
plete in the cold or in the presence of ammonium salts ; but the presence of 
tarlauc and makes no difference. H. Tamm, and ('. It. Presenilis found that 
ammonium carbonate precipitates manga nous carbonate completely from neutral 
soln. of manganous salts, even in the presence of ammonium salts; potassium 
hydrocarbonate gives a precipitate wilh rone. soln. of manganous salts , dil. soln. 
are rendered turbid, maybe after standing some time, but not if free carbon dioxide 
is in soln. For the act ion ni the alkaline earth carbonates, vide * upra. the analytical 
reactions of manganese. F. Wohler, II. Barberi, and H. Rose discussed the possible 
formation of a munganitc (</.?\) by the action of au ammoniacal soln. of silver 
nitrate; S. T. Orlowsky studied the oxidizing action of silver nitrate, mercuric 
nitrate, and copper sulphate ; <). Kiihlmg, the oxidizing action of silver peroxide 
to jurm permanganates ; and A. Muilhe, and (\ Rube, the action of mercuric oxide. 
H Pelabon and M. Delwaulle represented the action of mercuric oxide when shaken 
vv itli a soln. of manganous chloride ; 3Mn('h> \ 41Tg()-. Mn 3 0 4 -j 2HgCl 2 -| 2Hg(1, and 
with a larger proportion of mercuric oxide, manganic oxide : 2Mn( 1 l 2 +3Hg() 

Mn 2 0y | llgl'L | 2Hg('l, nr manganese dioxide : MnCl 2 I 21IgO Mn0 2 | 2Ilgt'l, 
may be formed. For the oxidizing action of bismut hates, and for the action of 
permanganates, vide supra, permanganates; H. Lang and J. Zwerina discussed 
the action of chromic acid on manganous salts. »A. I). Brokaw found that when 
soln. of gold chloride, of varying rone., are mixed with soln. of manganous chloride, 
of cone, varying from (WY/V- to saturation, no reaction can be detected, even after 
prolonged boiling. When, however, a very small amount of alkali is added to the 
cold mixture, manganese dioxide and gold are at once precipitated. The same 
result is obtained when a crystal of calcium carbonate is added to the mixture ; 
Ihere is a slight effervescence, and after a few hours the crystal is covered with 
manganese dioxide containing flakes of gold. M. JJolzmann found that hydrated 
manganese dioxide is precipitated by ceric nitrate ; and F. W. (). dc Coninck, 
the action of platinic chloride in sunlight: Pt(1 4 f 2Mn(V -2MnCl 3 ( PtCI 2 . 
0. T. Christensen found that Ffthling’s soln. is reduced by manganous salt soln. ; 
and U. lvassner observed that the presence of manganous salts favours the oxidation 
of ferrous salt soln. by atm. air ; S. T. Orlowsky found manganous salts in alkaline 
soln. are oxidized to manganic salts by potassium dichromate. The reaction was 
studied by R. Lang. 

R. H. Brett found that the soln. of manganous hydroxide in one of ammonium 
chloride does not give a precipitate with hydrogen sulphide. H. Lesshcim and 
co-workers discussed the constitution of the complex salts. According to 
0- Hautz, pale red monoclinic crystals of ammonium manganous trichloride, 
NH 4 (lMn(l,.2H 2 (), are deposited when it mixed soln. of theoretical proportions 
of the romponent salts is evaporated. He said that the salt loses three-fourths 
of its water of crystallization at 100°, and that 1(X) parts of water dissolve 66-7 
parts of the salt. A. Chassevant thought that lie had prepared a similar salt. 
L. E. Saunders considered that there must have been a mistake in 0. Hautz's 
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analysis, because he always obtained pale pink crystals of ammonium man- 
ganous tetrachloride, (NH 4 ) 2 MnCl 4 2TI.O, or 2NH 4 C1 MnCl 2 2H 2 () under the 
conditions employed by 0 Hautz Hus salt was also prepared b> C E Rice, 
II W Foote and B Saxton, and V \on Hauer V E Saunders found that the 
dihifdiaU usually forms ladiatmg groups of pale pink, almost colourless crystals 
which are monochnic and have the axial ratios a be 1 49H 1 1 49% and 
ft 95 c 2V Two of the crystal axes are almost equal in length and this with 
the habit gives the crystals the appearance of a rhombic dodecahedron The 
cleavage is impi rfect Tin salt < annot be obtained pure by mrystalh/ation from 
water since it h quires an excess of maugunous chloride be foie it d« posits cr)stals 
of a high degree of puut> Tlu salt is not dtliqucsic nt in an nor docs it give up 
its vi at 1 1 of crvstalli/ation m \ uno C von Hauer added that the ciystals lose 
1 \ mols of watci at 100 and the umaindci at 1 F> but ( E Saundus added that 
the salt has i teiuhncv to decompose is the watei is given off it 1 10" At i reel 
heat the salt loses ammonium chloiich etc to form the tut iteti tc lilnridt 
t Hatchett found that aej ammonia unes no precipitate with an aq oln of the 
salt Accmdmgtot F Ramnulsbczg and A Clusscvanl the salt is i Hionohythafi 
(NH 4 ) 2 \ln( l t H 2 () c rystalli/i rig in the cubic system S l Picketing dso obtained 
a salt i r> stalli7ing m hard blown cubes winch aie sncl to la civdaK of the inono- 
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hvdiate On the other tiuiel ( I] fs i uncle is slmwc el that the an ah se s we rc pin 
bablv made on impure alts for he obtained no evidence of the existence of the 
monuh>elratt h M Farm and S l Pifkcrmg reported thit ammonium man- 
gauous hesachlonde, 4NH 4 (1 Mn( 1IH) was formed lr\ ct}stnlli/mg soln of 
the two chloridea’ r Jlu specimen anah/ed probabl> contained animonium 
rhlond# as impurity for C E Saunders obtained no evidence of its existence 
E M Farrcr and S l Pickering snel that this salt on being heated in dr> an 
gave oft water and ammonium chloride at 100 but even at 220 after prolonged 
heating it still retained a considerable amount of water although the ammonium 
chloride h,.d all been expelled and about 4 ptr tent of the salt had been oxidized 
P dc Clermont and H Guyot boiled manganous sulphide with an excess of 
ammonium chloride and found that the filtrate deposited ammonium manganous 
octodeeachlonde, 16NH 4 C1 Mn01 2 H 2 (), but there is nothing to show that the 

E roduct was a chemical individual N Pfanntr obtained ammonium manganous 
eptachlonde, 3NH 4 01 2MnPl 2 4H 2 0, bj the action of manganese on a warm aq 
soln of hydroxylamme hydrochloride and ammonium manganous tetrammino- 
tndec&chlonde, 9NH 4 ( 1 2MnCl 2 4 NII 3 H 2 () 0 l^ehmann recognized the foma 

tion of isomorphouH mixtures m the system Mnn 2 NH 4 ri-H 2 0, and A Jolmsen 
studied their crystallography , and H W Foote and B Saxton showed that the 
2 1:2 Balt and ammonium chloride form two senes of rsornorphous mixtures 
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with a cap between the limiting compositions of each series. F. W. J. Olendinnen 
and A () D, Rivett studied the ternary system at different temp. The results 
for 60° and 25' are summarized in Figs. 62 and 63. There are three well-defined 
zones of isonmrphous mixtures represented by the shaded areas, namely, AF.GH, 
and K D with the gaps F(1 and UK. The curves ab, be, and cd correspond with the 
solubility curves of the respective series, and the intersections b and c correspond 
with the gaps in the series. The alleged 2:1: 2-compound falls well within the 
second series of isomorphous mix! ures till. The AD in a sect ion across the. temp.- 
coiic dia gram of the binary system NH 4 (T-MnCL.2H 2 0 at 60°. It is doubtful if 
ammonium chloride forms chemical compounds with manganous chloride under 
these conditions and in the generally accepted sense of the words. The isotherms 
between 10° ami 70" are shown in Fig. 64, where the percentage weights of ammonium 
chloride in the liquids are token as ordinates, and the percentage weights of ammo- 
nium chloride in the dry solids, as abscissae These curves show the relative dis- 
tribution of ammonium chloride in the liquid and solid phases. The distribution 
isotherms divide the field into several regions. A and II are regions of the exist- 
ence of homogeneous, single-phase, isomorphous mixtures ; and C is a heterogeneous 

region whcTc solids of moan composition sopa- _ _ _ 

rate at stable equilibrium into two phases 
capable of existing together and with u soln. 9 
At 70 l there is a considerable gap, nb, between 
the compositions of coexisting solids With ^ ~ 

a fall of temp, the gap narrows, or the mutual J /5 
solubility of ammonium chloride and manga- S 
nous chloride di hydrate increases, showing that ^ /g - - 
tin* formation of the solid soln. is exothermic ^ 

The composition of the solids steadily approach ^ B 
one another, am represented by the curve ttcb _ 

connecting the successive values of the two £ ^ 

senes of solid phases. At a temp, probably a ^27 — 

little below 2f> Ll the regions A and B merge ■ i _ ] u 

into one another and the two curves or and 30 j I | 

be join together , t is clearly u (lower) critical W L ~ J— J , — \ n 
soln point, and below it complete miscibility Percent Cl tr? M 

is characteristic of ammonium chloride ami . . , , 

the dihydrate within the portion of the binary rhloridl , in solution* of Man- 
system studied. Thus at 20“ there is no KalKms c 'lilori«l^ m the Solid and 
break in the distribution curve r.sf, although Liquid Phases. 



there is a most distinct point of inflexion at 

.v. At I0 U the inflexion is less, although still very obvious. There, are disturb- 
ances due'to metastable phenomena at 0° and -10°. At GO 1 ' and 32-5 met as table 
curves have been followed well into the region (\ As indicated above, W. f^eldt 
prepared hydroxylamine manganous dichloride, 2Nll 2 OH.MnCV but W. Meyeringh 
could not obtain a double salt by using a mixed soln. of hydroxylamine chloride 
and manganous chloride. N. J ’fanner reported a number- of ammonium man- 
ganous hydroxylami nochlorides NH4CI.MnlVNH2OH.H2O, by the action of 
manganese on a cold aq. soln. of hydroxylamine hydrochloride ; 7NH4U.MT1CI2. 
2NH 2 0H.7£H 2 0, from the brown product obtained in the preparation of 
3NH 4 ( 1.2Mn(1 2 .4Ii 2 0 ; 3NH 4 (12Mn(V2NH 2 0H.H 2 0, by boiling soln. of 

liNH4d2MnCl2.4NH3.H2O, in alcohol; «. Spacu and L Canton prepared ammo- 
nium manganous hexamminotetrachloride, [MntNJIjJnJCV^NH^’l^by the action 
of dry ammonia on the powdered (Nil 4 ) 2 Mn('l4.21I 2 (). As indicate^ above, 
W. Fcrratini prepared hydrazine manganous pentachloride, SNsII^l-Mnd,. 

C. E. Saunders could not. prepare a compound' of lithium and manganous 
chlorides, but when an aq, soln. of the mixed salts is concentrated, the liquid 
becomes green. A. Chauscvanl, however, found that if a cold. cone, soln con- 
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taining equivalents of litliiurn and manganous chlorides be allowed to crystallize, 
manganous chloride alone separates out ; but if the soln. be concentrated on a 
water-bath until the rose-red liquid becomes yellowish, and then evaporated in 
vacuo, deliquescent crystals of lithium manganous trichloride, LiCl.MnCL.3H 2 0, 
are formed. The crystals arc said to be isomorphous with lithium cobaltouB 
trichloride, LiCoCl 3 .3H 2 0. They break down into the individual chlorides when 
exposed to air. If the water is drawn from the crystals in vacuo, they arc decom- 
posed and the mass becomes brown. The crystals at 120° also lose water and 
hydrogen chloride ; but the crystals can be dehydrated without decomposition in 
an atm. of hydrogen chloride ; and the aq. soln. is stable in the presence of an 
excess of lithium chloride. The observations of 0. Sandounini and G. Scarpa on 
the f.p. of mixtures of lithium and manganous chlorides are summarized in Fig 65. 
No compounds are formed. C. E. Saunders obtained some evidence of a sodium 
manganous chloride, but it was not possible to obtain the salt pure enough for 
analysis by cooling a hot, cone. soln. of the component salts. The impure product 
contained a large excess of manganous chloride. The observations of t\ Sandonnini 
and G. Scarpa on the f.p. of mixtures of sodium and manganous chlorides are 
summarized in Fit;. 66. There is evidence of the formation of Nad Mii() 1 2 and of 
4Na( 1 I.Mn( , l 2 . I I. Krasikoff and I. T. Ivanoff found that 1(M) e.e. of a sal, soln. 
of sodium chloride dissolved 0-1 grin, of manganous chloride , and likewise with a 
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sat. soln. of potassium chloride at 1K°. (\ Sandonnini and G. Scarpa found that 

with a mixtuie of potassium and manganous chlorides (Fig. 67) there is formed 
potassium manganous trichloride, KMnd n , and also 4Kd.Mnlt. G. Spacu and 
L. Canton prepared white crystals of potassium manganous he xammino trichloride, 
[Mn(NH g ) tt jCl 2 .KCl, from KMnCI 3 .2lI 2 0 and dry ammonia. They also prepared the 
pyridine salt, [Mn(( 1 / 5 H a N) i4 ]Cl 2 KC1. According to C K Saunders, on adding 
potassium chloride to a hot, aq. soln. of manganous chloride, sufficiently concen- 
trated to deposit crystals on cooling, much alkali chloride is dissolved, and pale 
pink radiating groups of crystals of a complex salt separate out as the liquid cools. 
Large crystals can be obtained by the spontaneous evaporation of the soln. The 
analysis of the salt corresponds with dihydrated potassium manganous trichloride, 
KCl.MnCL 2H 2 0. The deliquescent crystals are triehnic pinacoids which have the 
axial ratios a : b : <■ — 04001 : 1 : 0-3767, and a — H2 U 59', ^3 — 1 12 rj 41', undy - 90° 53'. 
Twinning occurs about the (OlO)-plane, and the (010) -cleavage is well defined. 
0. Miiggc also examined the crystals which he prepared in an analogous manner. 
The salt is freely soluble in water, but decomposes into its component salts when the 
attempt is made to recrystallize it from aq. soln. It is also decomposed by hydro- 
chloric acid, with the deposition of potassium chloride. J. Bush examined the 
ternary system KH MnCL -H 2 0 at different temp., and lie obtained for the per- 
centage solubilities : 
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KCl Solid phases 

— Mnr!l 2 .4H a O 

9-41 Mn(V4H a O ; KCl ; and KMn< 1 l J .2H..O 

23-09 KCl 

MnCl a .4H 2 <) 

H iM MnClj.411/) ; and KMnCl,.2H 2 0 

13*70 lfn('l f . 4 Ht° ; K('l ; and K..Mn(V2H.O 

20-91 KCl 

0-01 MnClg.4H 2 <) ; MnCI 2 .2H 2 0 ; and KMnCl.^K.O 

Mn(1 2 .2H a U 

007 Mnn a .2H a O; ami KMnC V2H „() 

12-49 KMnClj.aiLO; and K t Mn('h.2H ,() 

18-77 KMidMj.aH^O , mid IKCl.MnCl/ 

Ml-r>7 K(7 

The whole of Uu* results are plotted in Fig (JO ; and the isothermal curve is plotted 
in Fig. OH. The region of stability of ('. K. Saunders’ complex salt, KMnCI ,.211-d), 
is indicated in Figs. 08 and 09. There is a transition temp, at (V J ; 

| KCl | Soln. KMnCl ;) .2Ho() | Soln. Below 0 1 the system contains MnCL.tH^O, 
and above O’ it eontams KMidlj 21LO : at 28-4 , potassium manganous tetra- 
chloride, KoMnClj/ilLO, is formed in minute, deliquescent, tetragonal pyramid* 


MnCL zHJO 



Fin. 08. Tho Ternary S^stom : Fin. 09. Tin Ternary System : 

KCl MiiCI| H b O. KCl MiiCI 2 H,() above 03 . 


with the axial ratio a : c 1 : 0-810, sp. gr. 2-221, mol vol. 110-1, ami topic 
axial parameters ^ -0—5-500 and w 4*531. There is another transition at 02-0‘\ 
when potassium manganous hexachloride, 4KCl.MnCl L ,, is formed (Figs. 08 and 09). 
Ihe salt appears on C. Sandonnini and G. Scarpa’s f . p. diagram, Fig. 07 ; and there 
is probably also a Sodium manganous hexachloride, 4Na< 1 LMn( , L, as indicated ill 
iMg. 00. The potassium salt was reported by II. J. Johns! cm- f 4 » vih to be a fumnrole. 
or volcanic sublimation product, and was found in some fragmentary material 
ejected from Vesuvius in April, 1906. It was railed chloromanganok&lite. Jt 
appears in palf* wine-yellow obtuse rhombohedra, which H. J. Johnston- Lav is and 
L. J. Spencer represented as hexagonal rhombohedra with the axial ratio 
c ’■ c- l ; 0*5801. The deliquescent crystals are optically positive, and have n very 
low birefringence, and a mean refractive index of 1-59. The sp. gr. is 2*31, and the 
hardness 2*5. A. Lacroix thought that the crystals are pseudo-rhomhohedral, and 
belong to the monoclinic system. J . Suss found t he art ifiriul crystals are hexagonal, 
with the axial ratio a : c— 1 ; 0-594, the topic axial parameters v 7*808 and 

4-638, sp. gr. 2*310, and mol. vol. 183*7. 

According to R. Godcffrny, a pale rose-red crystalline powder is formed when a 
mixed, soln. of manganous and rubidium chlorides is treated with cone, hydro- 
( ill powder was regarded as anhydrous rubidium man&anous tetra- 

cnionae, RbjjMnCJ^, and when recrystallized from water it wus said to form the 
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trihydrate. C. E. Saunders showed (hat the analyses were probably made with 
crystals having mechanically-included water ; and that mixed soln. of the com- 
ponent salts in anv proportions furnish morals of the dihydrate, Rb^Mnd^SHaO. 
Even with a considerable excess of manganous chloride the trichloride, RbMnClj. 
2H 2 0, was not obtained. The tetrachloride forms radiating groups of rose-red 
elongated, tabular, triclinic crystals. Tin* crystals lose no water over calcium 
chloride, but all is lost at 1 10 n . The salt is freely soluble in water, forming a neutral 
soln. R. Godeflfroy said that a mixed solu. of ca\sium and manganous chlorides 
deposits crystals of anhydrous caesium manganous tetrachloride, (V,Mn(1 4 , when 
treated with cone, hydrochloric acid, and that the spontaneous evaporation of the 
aq. sola, gives the trihydrate, while the spontaneous evaporation of the hydro- 
chloric acid soln. yields the hemipentahydrato. 1‘. E. {Saunders found that a 
mixed soln. of the component waits with an excess of ca^ium chloride furnishes the 
dihydrate , t < s 2 MnC1 4 .2H ;i (), in pale pink triclinie crystals which are not deliquescent 
in ordinary air and retain their water of crystallization when dried in a desitcutor. 
The water of crystallization is lost at 1 05 . (\ E. Saunders considers that 

R. Godeffroy’a two hydrates represent the incompletely-dried dihydrate. A mixed 
soln. of the component salts was found by E. Saunders to furnish pale rose led 
crystals of caesium manganous trichloride, (VriMndj^HsO. The tabular, ihomluc, 
bipyramidal crystals have the axial ratios a\b\i 0*7919. I . 1*2182, and the 
cleavage is parallel to the (lOO)-face The salt is freely soluble in water, and il < an 
be crystallized from its aq. soln. It loses all its water of < r) stall i/atiun at |Or» . 
The salt is not deliquescent under ordinary conditions, but when powdered it loses 
water over calcium chloride E. H. Ducloux discussed the rrystub as a memi'. of 
detecting the salt microscopically. 

(\ E Saunders could uot prejiare cuprous manganous chloride ; nor could he 
obtain cupric manganous chloride, but (}. Andre reported capper manganous tri- 
oxydichloride, as a trihydrate , 3( 1 uO.Mn( 1 l ; ,.3H 2 (), to be formed by boiling for many 
hours freshly-precipitated cupric hydroxide w r ith a soln. of manganous < blonde (11) 
The product is washed with cold water, and dried at 100 L . A. Werner represented 
the apple-green produet by the formula ( 1 u i! (OH) 4 .(Ju(OH).Mn( '1 2 w r ith m without 
a mob of water. A. Mailhc obtained the ietrahydrate by the action of n boding M>ln. 
of manganous chloride on the brown hydrated oxide 4( 1 u(> 1LO The green 
hexagonal plates are not decomposed by water aide .supra for >1nOl'I 2 . 1'. A. von 

Ronsdorft obtained ydlnw r rhombic prisms of auric manganous octochloride, 
Au 2 MnCl 8 .8H 2 0, which are isomorphous with the magnesium salt. The o(to- 
hydrate is stable in air in winter, but deliquescent in air in summer II. Tbpsoc 
and (J. Christiansen obtained trielimc prisms of the dodrea hydrate isumorphous wilh 
the cobalt salt. 

('. E. Saunders was unable to prepare compounds of manganous chloiide with 
the alkaline earths A cone. soln. of mixed manganous and alkaline earth chlorides 
is green, as in the case of lithium chloride, but on concentration it furnishes only an 
impure amorphous powder. According to (J. Sandonnnn, no C&lcium mangan ous 
chloride is produced by fusing the component chlorides ; instead, a complete series 
of solid soln. is formed with a minimum at about 58 3° and 62 mol. per cent, of Mn( %- - 
Fig. 70. A. Ferrari and A. Inganni found that mixed crystals are formed in all pro- 
portions, and they decomposed into their components at 475 rj . They gave 590' for 
the eutectic. Similarly with strontium manganous chloride, which shows on the 
thermal diagram, Fig. 71, a minimum at 499' and 45 niol. per cent. MnCL ; but with 
barium and manganous chlorides there are two breaks on the f.p. curves, Fig 72 — 
one at 540° and 52 mol. per cent. MnGI 2 » and another at about 923 '. There i& a 
eutectic at 503°- and 64 mol. per cent MnCl 2 . Hence it is probable that there is u 
barium manganous chloride formed which decomposes when fused. According 
to 0. Sandonnini’s f.p. curve for mixtures of manganous and magnesium chlorides, 
Fig. 73, therp in no sign of Ihe formation of magnesium manganous chloride. 
C. £. Haunders found that a mixed suln. of the component chlorides in 70 per cent. 
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alcohol, on evaporation, gives flattened, feathery crystals of magnesium manganous 
heacachloride, Mgn^^Mnt^ lSHoO- The salt is deliquescent in air, and loses 
some of its water of crystallization over calcium chloride. All the water of crystal- 
lization cannot bo expelled by heat without decomposition The crystals were not 
defined well enough for measurement. B. (lossner obtained the hexachlorido 
2MgCl 2 .Mn( V12H 2 0 from a soln. of the two component salts containing an excess 
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of magnesium chloride. The pale red hexagonal prisms or pint or have the axial 
ratio a m c 1 * 1-J64!). There is a cleavage on the (OOOl)-fnce. The birefringence 
js feeble and positive. The sp. gr is 1H()2 T Sandoimmi obtained no evidence 
of the formation of zinc manganous chloride Oil the f.p, curve. Fig. 71. The curve 
descends from that of manganous chloride to that of zinc chloride ; and the temp, 
of the eutectic coincides with the f p. uf zinc chloride. The eutectic temp decreases 
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slightly with increaHing amounts of manganous chloride. (\ Sandonnini and 
G. Scarpa found that the f.p. curve of mixtures of radmium and manganous chlorides, 
Pig. 75, shows a complete series of solid soln. between the f.p. of the two components. 

von Hauer evaporated spontaneously a cone, soln of a mol of manganous 
chloride and 2 mols of cadmium chloride, and obtained rose-red crystals, which 
after many recrystallizations became almost colourless cadmium manganous hexa- 
chloride, 2CdfJl 2 .Mn01 J4 .12H 2 0. The crystals deliquesce in moist air, and effloresce 

VOL. XTT. 
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in dry air ; they form a turbid woln. with hot water ; they lose about JO mols. of 
water at 100°, aud 2 more at 160°. The crystals melt at a dull red-heat. If a 
mixture of 2 mols. of manganous chloride and one mol. of cadmium chloride is 
evaporated, manganous chloride forms the first crop of crystals, and this is followed 
by the crystallization of the preceding complex L salt . J\ A. von Bonsdorff evaporated 
over cone, sulphuric acid a soln. of manganous chloride sat. with mercuric chloride. 



liuiiiis: 
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and obtained a crop of crystals of mercuric chloride followed by pale ted rhombic 
columns of mercuric manganous tetrachloride, IlgCL MnCL. The uvstab 
effloresce over cone, sulphuric arid, and deliquesce in moist air, but they arc stable in 
moderately dry air. R. Varot said that the heat of formation from soln of th»* 
component salts at 18 u is 0-96 Cal ; and for mercuric manganous hexachloride, 
2Hg01 2 .Mn01 2 , M2 Cals. 

J. Kendall and eo- workers observed the possible fonnatioii of aluminium 
manganous chloride, 2AK 'l^.ivi n( 'I 2 . J. (vewerke evapoiated an aq soln. of a mol 
of manganous chloride and 2 mols of thullir r-hlondc, and obtained th&Uic manganous 
octochloride, 2TlCl3.MnCl2.GILO. m pale jose-coJoured needles, which can be 
purified by recryst a llization. The salt is not formed jh acidic soln S M Joigensen 
prepared stannic manganous chloride, or manganous chlorostannate, MnSnCl 0 . 
6H 2 0, by evaporating a mixed soln. of Ihe component Srilts. The pale red tngoiinl 
rhombohedra have the axial ratio a:r 1 : 0-f>l !)1, anda- 1 12"6'. The (101) cleavage 
is marked ; and the optical ohauuder is pnsilivr The sp. gr. is 2*210 The 
crystals deliquesce in moist aii, and effloroMe in dry air; they lose water and 
stannic chloride at 100°. (\ Sandonnini and (r Scarpa observed no evidence nt the 

formation of stannous manganous chloride on the f p. curve. Fig 7G , there is a 
eutectic at 233 aud 05 mol. per cent. SnCl 2 ; and a similar result was obtained 
with respect to lead manganous chloride, Fig. 77, where the system has a eutectic 
at 408 J and 70 mol. per cent. FbCL. 
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§ 18. The Higher Manganese Chlorides 

According tn (4 F'orrhhammer, 1 when manpunese dioxide is treated with cold, 
eonc. hydrorhlone arid, a dark hrown .soln. is fonned. The .same dark liquid wan 
mentioned hy (‘. \V. Seheele. r l’ho liquid evolves chlorine slowly at ordinary temp., 
hut more quickly when heated, until finally the liquid apjiears colourless and it 
contuin.s only manpanous chloride in soln. If the hrown solu. i,s largely diluted 
with water, it remains dear, hut soon becomes turbid and deposits a copious brown 
precipitate of hydrated manganese dioxide admixed with other oxides. If 
manganese hemitrioxide he similarly treated, a similar brown soln. is fonned. 
(J. Korchhanuner conclutled that the brown liquid rontainH manganese trichloride. 
W. W. Fischer inferred from experiments on this subject that when the manganese 
oxides higher than the monoxide are treated with an excess of cone, hydrochloric 
acid, brown liquids are formed which contain a highly chlorinated compound of 
manganese, and that this product is easily resolved into manganous chloride and 
chlorine. Wheji the brown liquid is diluted with water, hydrated manganese 
dioxide is precipitated. The soln. all have identical properties, and probably 
contain the same compound. W. VV. Fischer inferred that the compound is 
manganese tetrachloride, Mn(Jl 4 ; and S. V. Pickering, manganese trichloride, 
Mnflg, or MiioClfl. W. W. Fischer represented the formation of the tetrachloride : 
MviOg-f lllf'l" 21M)-| Mnf’l,, and S. V. Pickering: 2Mn0 2 -f H1K1 -Mn 2 Cl w 
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|,(j] 2 _|~4H 2 0. W. W. Fischer based his conclusion mainly on his observations 
(i) that water always precipitates a definite substance from the brown liquor 
containing the higher chloride ; (ri) that the ])rccipitate is always manganese 
dioxide; and (iiij that the atomic ratio of the precipitated manganese to the 
loosely combined chlorine of the higher chloride in the soln. is as J : 2. On the 
other hand, S. IT. Pickering showed (i) that water does not precipitate a definite 
substance ; (ii) that the precipitate is a mixture of the dioxide and hemitrioxide 
in variable proportions ; and (iii) that the atomic ratio of the precipitated 
manganese to the available chlorine of the higher chloride in the soln. is not 
1 : 2. W. W. Fischer represented the reaction with water : MnOI 4 -f 2H 2 0 

- Mn0 2 -|-4Hn, and with potassium iodide : 2KI -MnCVl 2 KOI-I-T 21 but 

H l J. Pickering showed that the same result would be obtained if the higher chloride 
is any chloride corresponding with Mn w n 2 ?i ■ 2 , for example, with water : Mn 2 OI 6 
f2HoO^Mn02+Mii( 1 l 2 1 4 HU, and with potassium iodide ; Mn»01 6 H-2Kl 

- ‘JMnCla-F 2K( 1 1+I 2 . S. U. Pickering was never able to get more than half the 
manganese as a precipitate, and he inferred that if the equation Mn 2 C 1 l 5 + 2 H 2 0 

Mn0 2 fMnrL be correct, the amount id precipitated manganese should 

increase if manganous chloride la* added to the soln., but if the tetrachloride be 
treated, the amount should remain stationary. The addition of manganous 
chloride does increase * lie amount of manganese dioxide precipitated, in agreement 
with the trichloride hypothesis. Again, if the substance be tetrachloride, 100 per 
cent of manganese should be precipitated at a low temp., and only 50 per cent, 
il the substance be trichloride. Actually, at 50", only JO per cent, was pre* 
cipilafcd, and at a low temp., 50 per cent. II. M. Vernon favoured \V. W. Fischer’s 
hypothesis because if the action of hydrochloric acid be in accord with 2MnO z 
\ Hi H’1 Mnd'lfl 1 | IbLO, half the available chlorine ought to be evolved very 

rapidly, especially at low temp, This is not the case, and he hence concluded that 
the tetrachloride the first product of the reaction. The brown soln. of manganese 
dioxide in hydrochloric acid is supposed to contain much free chlorine in soln. 
which is given oil only gradually. H. M. Vernon showed that in a current of air 
the soln at 2(> lost only a small quantity of chlorine, and no solid chlorine 

hydrate was formed. At a higher temp, the quantify of chlorine evolved increases 
propoitionally with the temp.; but at ordinary temp, the chlorine given off is 
only half thut which would be expected if the trichloride weie formed. L. Wacker 
also favoured the tetrachloride hypothesis, because when chlorine gas is passed into 
a soln. of manganous chloride in cone, hydrochloric acid, a brown soln. is obtained 
leseinblirig that produced when manganese dioxide is dissolved in rone, hydro- 
ihloiic acid ; and manganese dioxide or one of its hydrates* is formed w hen either 
soln is diluted wit Ii water. L. L de Konmrk observed that when one or two drops 
id nitric acid of sp. gr. I *,‘35 to 1-40 are added to a boiling soln. of a manganese salt 
in fuming hydrochloric acid, tin* colour of the liquid changes to a very dark green 
vith a tinge of yellow, owing to the formation of manganese tetraehlnride or 
possibly df j* chloromsingaTiic acid, Ib^MnC 1 !^. This compound iN very stable in 
hydrochloric acid ; the coloration is destroyed only by prolonged boiling. 
A. N Campbell prepared the brown liquid in the anode compart men t during the 
electrolysis of soln. of manganous chloride, and he show'ed by means of the ultra- 
microscope that it does not contain colloidal particles of manganese dioxide, but is 
lather a soln. of manganous chloride containing 0-0185 to 0*0188 linols of MnCTj per 
Idle. The mode of preparing the liquid was as follows : 

The electrolysis cell consisted of a rectangular glass jar containing a porous pul. Tho 
porous pot 1 untamed the iinnlyte of 3 il/- manganous chloride, to whieh an eq. vol. of cone, 
lixdiis hlnrie ueid hud been added, and (he main body of the roll the cathnlytr ot ammonium 
■ blonde, containing 2.10 grins, of the salt per litre. Doth anode and cathode were sheets 
of platinum foil. An anodic current density of (» amp. per mp drm was used, eorrcspnnding 
lo n tolal i urrenl of ft amperes, ('iirrent was passed for two and a half hrs., during which 
time the tenq > rose from IS to 47 . Kihp of temp, was not prejudicial to the process, 
hitlie other hand, neither current density nor manganese concent rat ion can Iw much reduced. 
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(J. E. Rice showed that the dissociation of the chlorinated compound is reversible, 
for if a cooled soln. of manganous chloride be sat. with chlorine and left, to stand for 
some da} r s, or if a hydrochloric acid soln. of manganous chloride be left in a sealed 
tube with chlorine hydrate at ordinary temp., the liquid gradually darkens in colour, 
and this effect reaches a maximum in a few days. The result corresponds with the 
balanced reaction : 2MnCl 3 ^2MnCl2H Cl 2 . In support of the trichloride hypothesis, 
the brown liquid sat. with hydrogen chloride, cooled by a freezing mixture, and 
treated with ammonium chloride furnishes complex salts of the trichloride of the 
type : 2Rn.MnCl3.nH2O. (r. Neumann obtained similar results ; and It. J. Meyer 
and II. Best also favoured the trichloride hypothesis, because they obtained complex 
salts with pyridine and quinoline hydrochlorides from soln. of manganese dioxide 
in alcohol or ether sat. with hydrogen chloride. F. OUson obtained complex salts 
Mn( '1 3 .2 HC'l, when R is an organic 1 base ; and likewise salts MnOl^ROl. R. H. Weber 
found that the magnetic susceptibility of the brown soln. is of the same order as 
results obtained with soln. of other salts of tervalent manganese. 

J. Nickles showed that when hydrogen chloride acts on manganese* dioxide 
suspended in dry ether, a green soln. is obtained which vanau'nt sinyuhfaetiicnt in 
composition, but contains manganese and chlorine in the proportion Mn : Cl 
= 1 : 2-58. In one case the produrt agreed with MnC^.^fCgH^gO.^IIgO, but, as 
shown by 8. C. Pickering, the same analytical data would agree with MnCl,. 
12(l l sj H 6 )aO.HC1.2H 2 0. J. Nickles also obtained a product MnCl 3 .2C 5 H n OH HCl. 
8H2O, by similarly treating manganese hemitrioxide in the presence of amyl alcohol. 
According to (). T. Christensen, when chlorine is passed into absolute ether con- 
taining pure manganese peroxide in suspension and cooled by means of water, the 
liquid acquires after some time a violet rolour so intense that it appears almost 
black and opaque. If the treatment with chlorine is prolonged, and the cooling 
insufficient, a reduct ion takes place, and manganous chloride gradually separates. 
The mixture should be shaken frequently, ami kept from much light. If the dark 
liquid is poured off, a substance is obtained partly soluble 111 ether with intense 
violet colour; the insoluble residue is unchanged manganese oxide. The ether 
poured off gives after some hours an abundant separation of manganous chloride 
and Irises its colour. When rone, hydrochloric acid, of sp. gr. 1-19, is &>haken with 
absolute ether, two layers are obtained, the lower a soln. of ether in hydrochloric 
acid, and the upper a Holn. of hydrochloric acid m ether. When these are treated 
separately with manganese peroxide, the ethereal hydrochloric acid soln. acquires 
a green, whilst the hydrochloric acid containing ether acquires a violet colour. 
Hence the colour appears to depend on the amount of water present. 
O. T. Christensen concluded that when hydrochloric acid acts on manganese dioxide, 
manganese trichloride is formed, but at 10 C more chlorine is taken up, forming the 
tetrachloride. Manganese hemitrioxide yielded the same chloride, MnHy, as 
manganese dioxide when it was treated with a soln. of hydrogen chloride in ether. 
The atomic ratio Mn : Cl for active chlorine in excess of that required for manganous 
chloride is approximately 1 : 1, in agreement with the assumption that the nuIki. 
of manganese dioxide in ether sat. with hydrogen chloride contains manganese 
trichloride. Freshly prepared soln. of manganese hemitrioxide in ether sat. with 
hydrogen chloride contain very little free chlorine. According to R. J. Meyer und 
H. Best, manganese oxide- Mn 2 0 ;1 , Mn 3 0 4 , or Mn0 2 -- dissolves in absolute alcohol 
or ether saturated with hydrogen chloride, forming a green soln. of manganese 
trichloride which is decomposed by water and by evaporation in vacuo over sul- 
phuric acid, so that the trichloride could not be isolated. The green soln. forms 
the well-defined salts with the hydrochlorides of pyridine and quinoline indicated 
above* 

According fo M. Berthelot, nn aq. soln. of manganous chloride absorbs less 
chloiine than does water, and with the evolution of 44CX) cals, instead of 3(XX) cals, 
per mol of chlorine. If, however, hydrochloric acid be present, more chlorine is 
absorbed, with tlie evolution of a greater amount of heat — namely, 92UU cals, per 
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mol. of chlorine' -and a brown soln. is formed which is supposed to contain the 
hydrochloride Mn01 3 .wH01 or MnCl 4 .wII01. B. Frankc said that the green soln. of 
manga nose dioxide in ether saturated with hydrogen chloride contains the acid 
H.,Mn(V which can bo obtained in green, oily drops; and that the manganous 
salt of this scid, Mn(MnCl 6 ), i.e. Mn 2 (V is present in the Boln. K. J. Meyer and 
IT. Best found no support for B. Franke’s hypothesis. W. B. Holmes supposed 
that his work on the action of hydrogen chloride on manganese dioxide suspended 
in carbon tetrachloride supported the assumption that manganese tetrachloride 
ih the first product of the reaction, although W. B. Holmes and E. V. Manuel did 
not consider the demonstration of the existence of the tetrachloride to be satis- 
factory. 

According to A. Miolatti, the facts can be reconciled with the assumption that 
the brown soln. of manganese dioxide m cone, hydrochloric acid is a system in 
which there is a complex balance of reversible reactions. H. M. Vernon’s observa- 
tions show that both the trichloride and tetrachloride have a marked dissociation 
press , and tliat the former is less readily decomposed than the latter. Hence, the 
system contains 2Mn('l 4 ^2MnCl 3 4 and 2MnCI 3 ^2MnCl2 ■+ C'l 2 . The hydro- 
lytic changes M11CI4-I- 4H 2 ()^Mn(()H)4+4IK>l and MnCl 3 -| 3H 2 O^Mn(OH) 3 
-| 311H are driven back in the presence of an excess of cone, hydrochloric acid. At 
the same time, complex hydrochlorides are probably formed, e.q. Mnf^+HCl 
- llMnClf, . Mn('l 4 + 2Hn^H 2 MnC , l 6 ; as well as MnCt, ( ; MnCl 3 

| 21inv HoMiiHr, If any component of the complex system of balanced 
reactions is withdrawn by precipitation, etc , then, in accord with the mass 
law, the whole of the dejiendont equilibria are displaced until the balance is 
lestored The brown soln. nuiv thuN contain in soln. all three chlorides MnClg, 
Midi.,, and Mid 1 !*— as w T ell as chlorine. This is supported by A. (’hilesotti’s 
ohsenvatioii that the electrolytic oxidation of manganous chloride does not proceed 
m .stops Mn -»Mn but both the changes Mn and Mn' ->Mn’ 

may take place U. F. Weinland and P. Dinkelacker showed that in the action of 
cold, cone hydrochloric acid on permangB nates salts corresponding with KgMnl'la 
arc first formed, and then the salts RoMnC^. When organic solvents are used in 
place of water, the balanced equilibria are displaced in favour of manganese 
trichloride, or else the hydrochloride of manganese trichloride is more stable than 
is the case with the hydrochloride of the tetrachloride. 

According to W. B. Holmes, when dry hydrogen chloride is bubbled through a 
mixture of 5 grins, of manganese dioxide and 200 c.c. of carbon tetrachloride in a 
flask constantly agitated, and cooled by a mixture of ice and salt, there is formed a 
greenish -black solid. No manganese passes into soln., but the liquid is coloured 
yellow by the dissolved chlorine. The solid can be washed with a large amount of 
rarhon tetrachloride, then with carbon disulphide containing a little ether, and 
dried in a desiccator over potassium hydroxide, and sulphuric acid ; it slowly 
decomposes on standing and chlorine and hydrogen chloride are given off. The 
solid is supposed to be a mixture of manganese tri- and tetrachlorides mixed with 
some manganous chloride. To remove the manganese trichloride the residue waa 
washed with ether cooled with solid carbon dioxide. Two-thirds of the contained 
manganese trichloride is thus removed ; it was then washed with 100 c.c. of cold ether, 
and the analysis of the violet ethereal soln. shows that it contained manganese 
trichloride. About half of the original residue consists of manganese trichloride 
The solid could not be obtained pure enough for analysis by the evaporation of the 
ethereal soln. in a current of cold air, because decomposition always set in. Hence, 
the ethereal soln. was analyzed. Manganese trichloride is a nearly black solid with 
a slight green tinge, and it is immediately decomposed by water ; when the salt is 
heated, chlorine is evolved, and if left in a desiccator it changes into a mixture of 
manganous chloride and manganese tetrachloride : MngCl^MnC^+MnOl^. It 
dissolves in alcohol, forming a wine-red soln. containing the tetrachloride, but if this 
soln. is diluted with ether and kept cold, it forms a violet soln. of the trichloride. 
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When the ethereal aoln. of the trichloride is poured into water, only half the 
manganese is precipitated. 

All the trichloride cannot be removed from the original residue by washing 
with ether, probably because of the slight decomposition of the tetrachloride. A 
soln. of the tetrachloride in alcohol was prepared for analysis because the solid was 
always contaminated with manganous chloride. Analyses agreed with the 
assumption that manganese tetrachloride was present in the soln. of the residue in 
cold absolute alcohol ; but W. B. Holmes and E. V. Manuel regard the proof of the 
existence of the tetrachloride to be very unsatisfactory. The solid supposed to be 
tetrachloride was said to be a reddish-brown solid, stable at ordinary temp, if kept 
dry, but it quickly decomposes on exposure to moist air. It can be kept several 
weeks in a desiccator without undergoing appreciable decomposition Blit in a 
large amount of water the tetrachloride gives an immediate precipitate, probably 
hydrated manganese dioxide. Heated to KKT it gives off chlorine, anil a residue 
of manganous chloride remains. When the tetrachloride is suspended in ether 
and kept cold, it slowly decomposes into the trichloride, imparting the character- 
istic violet colour to the solution. If an excess of alcohol is added to this solution, 
some tetrachloride is again formed. Suspended in ether with mercurous chloride 
it decomposes more rapidly, but all the ordinary reducing agents such as can be 
used in a solution nearly anhydrous cause immediate decomposition without the 
intermediate stage. Absolute alcohol seems to be the only solvent winch will 
dissolve the tetrachloride without rapid decomposition. If the alcohol contains <\ 
little water the soln. is decolorized more quickly. 

O. T. Christensen recommended the following process for preparing a soln. of 
manganese trichloride suitable for making complex salts. A mixture of 5 grins 
of potassium permanganate and 50 c.c. of absolute alcohol, and an equal vol. of 
alcohol saturated with hydrogen chloride is shaken and cooled ; chlorine and 
acetaldehyde are given off and a dark green soln. is formed. When the soln. is 
cooled by a freezing mixture, it deposits the potassium chloride When the green 
ethereal or alcoholic soln. of the trichloride is treated with a little water, manganic 
hydroxide, Mn(0H) s , is precipitated. If a sufficient excess of hydrogen chloride in 
piesent, the soln. can be boiled a short time without decomposition, but with a 
prolonged boiling, or evaporation in vacuo over sulphuric arid and potassium 
hydroxide, the soln. is decolorized. The addition of an alcoholic soln. of mercuric 
chloride also reduces the green soln. If the green soln. is diluted with alcohol free 
from hydrogen chloride, it becomes reddish- violet or reddish brown, but the green 
colour is restored by adding ether. A N. Campbell found the normal potential 
of quadrivalent manganese ions- -assumed to he present in the brown liquid lie 
prepared eleetrolytieally in the presence of bivalent manganese ions is, on the 
hydrogen scale, ] *465 volt at 15 \ K. H . Weber studied the magnet ic susceptibilit \ 
of soln. of hydrated manganese dioxide in hydrochloric acid. 

A. F. Rogers obtained small emerald-green crystals of a mineral with the 
composition of a manganic hexoxy dichloride, 3H 2 0, from San Jose, 

California ; he called it kempite- -after J. F. Kemp. The rhombic crystals have the 
axial ratio : a.b:r 0-677 : 1 : 0-747 ; the sp. gr. is 2-94, the hardness 3-5, and 
the indices of refraction a — 1-684, 0 —1-695, andy -1-698. The mineral dissolves 
in hydrochloric acid with the evolution of chlorine. 

ChlorohypomanganiteS.— H. Lessheim and CO- workers discussed the constitution 
of the complex salts. According to G. Neumann, ammonium manganic penta- 
chloride, (NH 4 ) 2 MnCl 5 , is obtained when manganese dioxide is allowed to remain 
for a considerable time in contact with cone, hydrochloric acid, kept cool by 
immersion in a freezing mixture of ice and salt, and sat. with hydrogen chloride and 
chlorine ; the brown soln. thus obtained, when filtered and treated with a cold soln. 
of ammonium chloride, yields the compound in violet- brown crystals. R. F. Wein- 
land and P. Dinkelacker obtained the ammonium salt, (NII^MuClg H a O, as a 
reddish-black crystalline powder, by adding potassium permanganate ami a cone. 
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soln. of ammonium chloride to a 40 per cent. aq. soln. of hydrochloric acid cooled 
by ice aiul salt ; the potassium salt of the tetrachloride is precipitated, and when the 
mother-liquor is treated with more ammonium chloride, the salt (NTf 4 ) 2 MnCl 5 is pre- 
cipitated. (' E. Rice obtained this salt whin a mixture of 50grms. of one of the higher 
manganese oxides and 250 c.c. of cold, eonc. hydrochloric acid was H«t. with drv 
hvdropen chloride while being cooled in a freezinp mixture. After the mixture had 
stood for half an hour the clear liquor was decanted and treated with a few c.c. of 
a sat acidified soln. of ammonium chloride, added drop by drop. The mixture, 
cooled by n freezinp mixture, was again sat. with hydrogen chloride and allowed 
In stand half an hour. The crystals were filtered off, washed with cold, sat. hydro- 
chloric acid, drained on a porous plate, and left for some days over soda-lime under 
reduced press. The analysis corresponded with (Nlf^oMnClg.HgO. The crystals 
are perfectly transparent under the microscope, transmitting a ruby-coloured light. 
They have a slightly pungent odour, and may be raised to a temp, of ltH) 1 ’ without 
perceptible change ; above that temp., however, they evolve chlorine and water, 
and it heated m a current of air, leave a white residue of manganous chloride and 
sublimed ammonium chloride. They dissolve in hydrochloric acid, yielding a liquid 
icseinbling th.it from winch they were obtained. Water at once decomposes them, 
uhoul half the lot al manganese separating as hydrated higher oxule and half 
remaining in soln as manganous chloride If the complex salts of manganese 
tel rnchluridc be culled rfilmomaw/mti/r s\ as is commonly the case, then these salts 
run be designated by the awkward term rhlorohypomanyandfs. According to 
K ,! Mever ,md II. Best the green soln of a higher oxide of manganese in absolute 
alcohol or ether sat. with hydrogen chloride, when treated with pyridine hydro- 
ihloride furnishes needle-like crystals of pyridine manganic pentachloride, 
2!V ( H R N(H(’l) MnCL, , and with quinoline hydrochloride, ancular crystals of 
quinoline manganic pentachloride, 2( < tf H 7 N(II(1) Mnfl 3 . V. Olsson obtained a 
number of complexes w ith the chlorides of the quaternary ammonium bases. 

G Neumann. (\ E. Rice, and R. F. Weinlund and IV Dinkelacker prepared 
potassium manganic pentachloride, 2K( , l.Mn('l 3l by ihe methods they employed 
for the ammonium salt. 0. Stellmg and F. Olsson studied the X ray spectrum. 
R. J. Mover and II Best also prepared it by reducing a soln of potassium per- 
manganate with acetic acid with the addition of potassium acetate, and sat. the 
liquid with hydrogen chloride. If the soln. be only partially sat. w r ith hydrogen 
chloride, potassium iiiatu/anesc dodvvachlondv , ftKCl.Mnt^.MnC 1 ^, is formed. 

K. Rice regarded potassium manganic pentachloride as a monohvdrate. and said 
that the potassium and ammonium salts are isomnrphous with the corresponding 
complex salts of ferric chloride. The other observers said that the salt is anhydrous. 
K. F Weinland and fV Dinkelacker prepared rubidium manganic pentachloride, 
2Rh( t l.Mn( 1 l : ], by the process which they employed for the ammoniiun salt ; and 
similarly wilh U. J. Meyer and II. Best’s, and R. F Weinland and IV Dinkelaeker's 
preparations of ceesium manganic pentachloride, 2(\s(l.Mn(1 ;j . The corresponding 
thallous manganic pentachloride, 2Tl(’ , l.Mn( , l 3 , could not be prepared by R .1. Moyer 
and H. Best, 

Chloromanganites. G. Bunge and B. Znhorsky mentioned the existence of a 
possible manganese oxychloride, MnOd, and G Lunge, manganese trioxydichloride, 

t'l MnOo- 0(1, in the brown liquid obtained by the action of hydrochloric acid on 
manganese dioxide. A. Gorgon obtained what lie regarded as manganese hexoxy- 
dichloride, 2Mn 2 0 ;t .Mn( 1 l 2 , by heating manganous chloride in moist mr until about 
half is decomposed and washing the product wilh water. L. IV de St. Uilles also 
reported manganese enneaoxydichloride, 3Mn s Og .Mn(1 2 , but there is no evidence 
confirming the individuality of these products. R. F. Weinland and P. Dinkelacker 
treated calcium permanganate with 40 per cent. h)drochlorie arid cooled by a 
mixture of ice und salt ; an aq. soln. of ammonium chloride was added, and 
ftnunonium chloromanganite, (NH 4 ) 2 Mn(1 fi . crystallized out. F. Keitzeustom 
prepared pyridine chloromanganite, 2(^ B H ^N.MnClj, by urlding pyridine to u soln. of 
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manganese dioxide jn cone, hydrochloric acid. J. G. F. Druce did not obtain 
potafrium manganese hexachloride, Mn01 4 .2KCl, or K 2 Mn01 flj by passing chlorine 
into a soln. of potassium and manganese c hlorides. K. J. Meyer and H. Best 
found that potassium chloromanganite, K 2 MnCl 6 , is formed as a black crystalline 
precipitate when an acetic acid soln. of potassium permanganate, without potassium 
acetate, is sat. with hydrogen chloride. R. F. Weinland and F. Dinkelacker also 
obtained it by a method analogous to that employed for the ammonium salt ; and 
likewise also with rubidium chloromanganite, Rb 2 MnCl e . R. J. Meyer and 
H. Best could not obtain thallous chloromanganite. N. Bjerrum and G. H. Hansen 
could not prepare complexes with chromic chloride. 

Oxychlorides. — According to J. B. A. Dumas, when a mixture of a soln. of 
potasaium permanganate in cone, sulphuric acid is mixed with fused sodium 
chloride and heated to 30° or 40° in a retort, a reddish or greenish vapour is given off, 
and it condenses at —15° to —20°, forming a greenish-brown liquid. The vapour 
in contact with moist air decomposes, forming hydrochloric and permanganic acids. 
H. Aschoff also obtained the greenish-brown liquid bv the action, under similar 
conditions, of sodium chloride on a soln. of manganese hept oxide in sulphuric acid. 
The smell of the gas recalls that of chlorine oxide, and ozone. The gas attacks the 
respiratory organs. E. Luck, and W. Fricderichs studied the absorption sjieetrum. 
When the drops of liquid are heated on a water-bath, detonation occurs at the same 
temp, as with manganese heptoxide. Water attacks the liquid vigorously, forming 
chlorine and manganese dioxide. J. B. A. Dumas thought tbat t he was dealing 
with manganese heptachloridc ; H. Aschoff's analysis corresponds with manganese 
trioxychloride, MnOgCl, but it may be nothing more than a soln. of chlorine or a 
chloride in manganese heptoxide. The product thus Tecalls F. Wohler’s Mij() m F, 
and B. Frankc’s (Mn0 : ,) 2 S0 4 . 
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§ 19. Manganese Bromides 

Anhydrous manganese dibromide, or manganous bromide, MnBr 2 , was pre- 
pared, as a pale rose-rqd mass, by C. J. Lowig, 1 by the art ion of bromine vapour 
on heated manganese ; and J. B. Berthemot, by heating the hydrated Halt out of 
contact with air. A H<»ln. of the salt was prepared by A. J. Ralard by the action 
of bromine, on manganous oxide ; by J. B. Berthemot, by digesting manganese 
with bromine-water ; and by C. J. Lowiu, by dissolving manganous carbonate in 
hydrobromic acid. When the aq. soln. is evaporated, it furnishes a pale red powder 
(C 1 . J. Lowig), or acicular crystals of the tetrahydrate, MnBr 2 .4H 2 0, which are 
coloured a deeper rose-red than the corresponding chloride (J. 0. G. de Marignac). 
H. Lescoeur said that if the tetrahydrate is allowed to effloresce in air, it forms 
the ntntwhydrafe , MnBr 2 .H 2 0, as a rose-red powder ; P. Kutznetzof! also obtained 
it by heating the tetrahydrate at its m.p., 64-3°- If the aq. soln. be cooled to 
- J4 C , or even to 0°, P. Kutznetzof! said that crystals of the hexahydrate, 
MnBr 2 0H 2 O, are deposited. P. Kutznetznff gave 13° for the transition temp, 
for the hexahydrate and tetrahydrate ; and 64° for the transition temp, for the 
tetrahydrate and the monohydrate. The solubility data of A. Etard, when S 
denotes the number of grams of MnBr 2 in 100 grms. of soln. : 

21 7 J1 IK 38’ 52 1 04 6 70“ »r 1)7' 105° 

ti . 52 l 50-5 57-0 50 1 02-7 04-2 0H-2 70 1 00-7 09-2 -70-2 

do not show the transition temp, at 13°, but there appears to be one near 70°. 
A Elard’s data for manganous chloride also failed to show the transition temp, 
satisfactorily. There appears to be a stable or a -form of the tetrahydrate which, 
according to J. (\ G. de Marignac, is isumorphous with the a-form of the tetru- 
liydratcd chloride, and it furnishes monoclinie plates with the axial ratios a: b : c 
1-1650 : 1 : 0*6483, and 99° 6'. There is also a labile or /J-form of the tetra- 
h) drate which is obtained in colourless rhombic plates by evaporating an aq. 
soln. of the bromide in a closed vessel. The /3-forin passes into the a-variety by 
mechanicully stirring the mass ; and the transformation proceeds slowly when 
the crystals of the a-form are allowed to stand under their mother-liquor. The 
/J-form has a lower decomposition temp., and a larger solubility than the a-form. 
A. Ferrari and F. Giorgi observed that the X-radiogram of the bromide, MnBr 2 , 
corresponds with a lattice of the cadmium iodide type, having a— 3-820 A., c- 6-188 
A. : a : c- 1 : J -62 ; and density 4-549. 

G. P. Baxter and M. A. Hines gave 4-385 for the sp. gr. of the anhydrous salt 
at 25°/4°. For A. Heydweiller’s observations, i*ide infra . 1. I. Saslawaky, and 
F. Ephraim and co-workers discussed the mol. vol., and the vol. contraction attend- 
ing the formation of the salt from its elements. 0. A. Valson studied the capillarity 
of the aq. soln. ; and S. Motylewsky found the drop-weight of the molten salt at 
its m.p. to be 78 when that of a drop of water at 0° is 100- J. B. Berthemot said 
that the tetrahydrate melts in its water of crystallization and then passes into the 
anhydrous salt ; and P. Kutznetzof! found that the m.p. of the tetrahydrate is 
64-3°, at which temp, it passes into the nionohydrate. C. J. Lowig, and A. Gorgcu 
observed that when the anhydrous salt is heated to redness in air, it loses bromine 
and passes into the tritatetroxidc, H. Lescoeur found the vap. press, at 20° to 
be 5 mm. for the sat. soln. ; between 5-0 and 5*1 mm. for MnBr 2 ,5-JH 2 0 to MnBr 2 , 
I*5H 2 0 ; and over 2*3 mm. for MnBr 2f l , 05H 2 0 ; at 100° the vap. press, of the 
sat. Roln. is 202 mm., for the solid tetrahydrate 200 ram., and for MnBr 2 ,l-lH 2 0 
50 mm. ; while at 150° the vap. press, for the hydrate between MnBr 2 ,0'98H 2 0 
and MnBr 2 ,0*45H 2 O is 98 to 99 mm., and for MnBro,0‘05H 2 0 17 mm. A. Fer- 
rari discussed some relations of the m.p. The vap. press., p mm., for the mono- 
hydrate is : 

20° 0O # 100* 140" 150° 155° 100° 

p ■ 6 40 200 56 99 122 156 mm. 

v — : — ’ 

Saturated solution Solid monohydrato 
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J. Thomsen gave for the heat of formation, (Mii,Br 2 ,Aq )= 106-12 Cals , and 
M Berthelot, (Mn,Br 2Ra 0 — 114-4 Cals, and (Mn,Br 2 iiqtiid Aq )— 107-0 Cals In 
the calculations M Berthelot used the assumption that the heats of neutralization 
of manganous hydroxide by the three halide acids are the same C Beck dis- 
cussed the free energy of formation , and G Devotu and A Guzzi found 

TOO 7 »0 800 8)0 000 

Free eneigv 67,600 65, ISO 62,780 58,980 52,220 calh 

R. Robl observed no Huoiescf nee in ultra-violet light B A IsbekoffandW A Plot- 
mkoff found the sp electrical conductivity of a l r ) per cent soln in molten ahum 
mum bromide to be 0-001 at 160° A Heydweiller gave for the sp gr and eq 
conductivity at 18° . 

0 r )\- JV- 1 N >\ 4A 

Sp gr . 10417 1 0880 1 1 70 J 12610 M401 

A 72 4 64 7 53 54 (1 Ml] 25 64 

W Althammer gave for soln until an eq of the bromide in v litres, it 25° 

t 20 40 80 160 320 

A 100 4 106 1 111 5 116 6 120 1 

A Liebknecht and A P Wills gave foi the magnetic susceptibility, of aq soln 
at 18°, 1 <10 6 mass unit G Buk studied the eiuigv of tin suit K Jcllinek 
and R Uhoth found that no reaction between hydrogen and manganous lunnude 
occurs below 770°, and that then after if K p Hjj pnr/P 2 Jiiir then log A" r >223T 1 
+0 53 d log T 2 72 W Ostwald found tliat manganous bromide has a slight 
stimulating effect on the reaction bctwicn biomic and hwhiodu acids J B Bu 
themot found that with rone sulphur ic acid, hydrogen bromide and bionnne are 
formed (1 (hue and E C Franklin and ( \ J\iaus obsuved that the salt is 

insoluble in liquid ammonia but F Ephiaim piepsred manganous hexammmo- 
bromide, MnBi_hMlj b\ passing ammonia uvi i the dihvdiand salt , heat is 
evolved, and the solid swells up The white ammine has the dissociation press, 
p nun 

si m> nil i jo j 1 1 > uo i.i UN no i 8 
p 86 127 240 JOS J70 46b 550 650 720 nun 

W Blitz and K Birk studud the mol vol \\ Bilt/ and G F lluttig found that 
when manganous bromide is treated with ammonia gas as in the < ast o! the chloride, 
similar ammines are produced (Fig 78) Foi the he\animine at 107 , tlu dis- 




l*n 7S Dinsor idtjon l'if Hhiircs of In 7*1 I hhsoc ml ion Pressure s of 

AlangineniK Hesfimmiiiohiuiiiiclt Vlangunmis L)i r amnnnohrnnudo 

sociatinn picss p 305 and the heat of dissoc lation, Q 11 2b ( als for man- 
ganous diamminobromide, MnBr> 2NI1 3 at 182° p 13 7 mm and Q- 20 2 (’als , 
at 21 3 p 50 4 mm , and Q 20*4 Cals , and at 230 p 1)8 0 mm and Q 20 r > 
Cals Foi manganous monamminobromide, MnBr_ NH 4 , at 215 p 12 3 nun , 
and Q 21 8 (’als , at 230 p 22 l) mm , and Q -21 IT) ( als and at 278 , 
p 114 mm, and Q- 22 r > Cals F Mullei gave 20 128 foi tlu dissociation 
temp of the luxamnunohromidt , 128 for the pentaminmobiomide ; above 

270 foi the diamnunobromicb , and o\ei 360° foi the monainminobroinidf 
F Ephiauu and G L Claik also studied the hcxammine By working with man- 
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ganous bromide in a similar way to that employed for manganous chloride, W. Biltz 
and E. Ralilfs were able to prepare manganous deoamminobromide, MnBr>.]()NH 3 ; 
which at - 78-5 1 had p--27-5 mm., and Q--7-17 Cals.; at -70°, p--61-5, and 
Q 7-10 ; at -65°, p- -1)5-0, and 0-7-16; at -60°, p=H6-5, and Q - 71b ; and 
at 55°, p -146-5, and Q -7-16 -Fig. 79. F. Ephraim discussed the vol. contraction 
attending the formation of the amniincN. H. Grossmann obtained a complex with 
pyridine, MnBr.j.(i(' 5 H 5 N ; and R. J. Meyer and H. Best, MnBr 2 .2C B l] r ,N, and 
MnBr. i .2( 1 r l J£ ri N(ll('l) ; A. R. Leeds, a complex with aniline, MnBr^CflHr^NPL) ; 
A. Moitessicr, with pheiivlliydrazinc, MnBr 2 .2( 1 ft H 5 (NIl.Nll2) ; (3. A. Barbieri and 
F Lalzolari, with hexamethylenetetramine, MnBr 2 .2C a H 12 N4.10ll 1! 0. F. Ducelliez 
and A. Raynaud obtained a complex with ether, MnBradUjHs^O ; (3. Spam, one 
with diphenyl. M. (Vntnerszwer found that the salt is insoluble in liquid 
cyanogen. 

According to F. Epliraim and S. Model, manganous bromide has cine ausser- 
oi (fenthef, (jcriihfc Nea/nng to form complex salts, and in this respect it resembles 
rubai Lous bromide. They were unable to prepare complex salts with the bromides 
of potassium, sodium, ammonium, barium, and strontium. By evaporating a mixed 
soln. of ammonium and manganous bromides they obtained what appeared to be 
lsnmorplious mixluies of ammonium bromide and ammonium manganous tetra- 
bromide, (NiI|) 2 MnBr 4 .lLO; wliilc a soln. of sodium and manganous bromides 
furnished isomorphous mixtures of manganous bromide and sodium manganous 
tribromide, NuMuBr t ><\ I 2 0. No potassium manganous bromide could heobtained. 
(\ E Saunders observed that if a hot, sat. soln. of manganous chloride be treated 
with potassium bromide, and allowed to cool, there are deposited crystals of potas- 
sium manga mms trichloride, ennluining variable amounts of probably the corre- 
sponding tn bromide in isoimu-phnus mixture ; and similar results were obtained 
when an excess of potassium chloride is added to hot, sat. soln. of manganous 
bromide. There is no evidence to support the hypothesis that a mixed halide is 
formed F. Kplnami and S. Model prepared calcium manganous tetr&bromide, 
( \i Mu Hr.| IH.O, m junk crystals, bv evaporating a cone, soln ut the component 
silts uver cone sulphuric acid. The salt a little hygroscopic, and it readily 
decomposes into it s components. The corresponding strontium and 1 m riant man- 
ffanotrs t\ tmbromides could not be prepared. C. E. Saunders obtained magnesium 
manganous hex&bromide, MgMn^Hr^.l^lhO, by evaporating a soln. of 2 mols of 
nnuiganoiis bromide and one mol of magnesium bromide in 70 per cent, alcohol. 
Tlie compact masses of red crystals deliquesce in air, and do not ellloresee over 
calcium chloride ; they lose 10-27 per cent, of water at 150 ; and the salt cannot 
be obtained bv crystallizing the aq. soln. I\ A. \ou Bonsdorif found that a sat. 
soln. of the component salts furnishes pale red columns of mercuric manganous 
bromide, which are very deliquescent. R. Vaict gave for the heat of formation 
al 17 1 of MiiBr 2 .2lIgBr 2 , 2-92 Lais., and for MnBr 2 .HgBr 2 , 218 Luis. J. Kendall 
and co- workers obtained evidence of the formation of aluminium manganous 
bromide, 2AIBr 3 .MnBr 2 ; and B. A. lsbekoff and W. A. Rlotmkofl observed that 
nuinganuus bromide forms a yellow' soln. with aluminium bromide, and the sp. 
conductivity of the 15 per cent. soln. is 0-001 mho at 160°. B. Rayman and 
K. Prcis obtained crystals of manganous bromost annate, or stannic manganous 
hexabromide, MnSnBr^.GfLO, in yellow, deliquescent crystals, by rvuporating a 
Koln. of Ihe component salts. (3. Hpacu and J. Dick studied complexes of man- 
ganous and stannic bromides. 

According to J. Nicklex. when one of the higher manganese oxides — Mn 3 0 4p 
MiioOj or Mn0 2 - is treated with ether and hydrogen bromide, a green soln. 

obtained which easily decomposes and which dissolves gold. By analogy with 
tlie corresponding chloride it was thought that manganese tnbrumidt . or manganese 
telntbroHitde is present ; but R. J. Meyer and H. Best doubted if the ethereal or 
tucohulic soln. contains a higher manganese bromide, because when treated with 
pyridine liydrobromidc it furnishes MnBr 2 .2C & Ii ti NBr. F. Ducellicz and A. Ray- 
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naud obtained a complex with ether, MnBr^.ft^Hs^O, of m.p. 65° to 70 J . N. Bjer- 
rum and 0. H. Hansen could not prepare complexes with chromic bromide. 
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§ 20. Manganese Iodides 

According to W. Peters,* the; hydrated manganous iodide can be readily 
dehydrated in vacuo to form manganous iodide, MnL, as a junk, scaly muss ; 
the salt must not be heated, since it begins to give off iodine at about 8() rj . Accord- 
ing to F. Ducellicz, anhydrous manganese iodide can be readily obtained by the 
addition of iodine to finely-divided manganese covered with anhydrous ether. 
A vigorous reaction occurs, which is rendered complete by gentle warming on the 
water-bath. Excess of iodine and iodide of iron may be removed by washing the 
product with ether, whilst if an excess of manganese is employed, it can be separated 
from the precipitated iodide by washing away the latter in a stream of ether 
A. Ferrari and F. Giorgi found that the anhydrous salt has the cadmium iodide 
structure, and that the X-radiograms correspond with a lattice having the para- 
meters a - 4-16 A., and c-6-82 A., and a sp. gr, 5-01. The aq. soln. of the salt 
was prepared by J. L. Lassaigne, J. C. G. de Marignac, and H. F. Gaultier de 
Claubry, by dissolving manganous carbonate in hydriodic acid. The soln. furnishes 
pink tabular crystals of the hydrated salt, and they have, according to J. L, Las- 
saigne, a styptic taste. P. Kutznetzoff observed that with soln. with a mol of 
Mnl 2 in 8 mols of water, and cooled to —20°, crystals of the enneahydrate , 
Mnl 2 .9H 2 0, are formed. These crystals are richer in water than the mother- 
liquor; and they melt at -- 9-3°. If the soln. sat. at 0° be cooled to — 5°, deliques- 
cent, prismatic, colourless plates of the hexahydrate , MnI 2 .6H 2 0, are formed ; 
and at —2*7° deliquescent pink plates of the tetrahydrate , MnI 2 -4H 2 0, are formed. 
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These crystals are stable at ordinary temp., and they are formed by the spontaneous 
evaporation of the aq. soln. H. Lescoeur found the vap. press, to be 83 mm. at 
100° ; H. Lescoeur also reported the dihydrate , MnI 2 .2II a O, and the monohydrate, 
MnI 2 .H a O, to be formed by dehydrating the tetrahydrate. The dihydrate has a 
vap. press. of 47 mm. at 100° ; and the monohydrate,, 180 mm. al 130 - but vide 
supra for the temp, of decom]>osition. A. fitard said that he made some observa- 
tions on tlic solubility of the salt. F. Ephraim and co- workers discussed the mol. 
vol., and the vol. contraction attending the formation of the salt. V. A. Yaison 
studied the capillarity of the soln. H. Lescoeur found the vap. press., p mm., 
of the mono-, di- t and tetrahyd rates and of the sat. soln. to be : 
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2H 2 () 
4H*0 
Soln. 
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He also found that at 20 fl the vap. press, of MnT a .6H a O to MnL>.H)5H a O is 3-6 to 
3-8 mm., that of MnI 2 .«M)8J-L() is over 1-7 nun.; at 100 1 the vap. press, 
of MnL>. ULO to Mnl2.3*()2Ii 2 0 is 82 to 83 mm., that of MnI a .2H a () to Mnl 2 .l*4H a () 
is 47 mm., and that of MnI 2 .0*98H a O, 25 nirn. ; and at 130° the vap. press, of 
Mnlo 0 ,( J811 2 fl to Mq1 2 .0 61I 2 0 is 179 to 180 mm., and that of Mnl 2 .0-lH a (), 20 mm. 
A Ferrari discussed the relation of the m p. to the space -lattice. M. Berthelot 
found the heat of formation (Mn,l 2RAS ) 89*8 Pals. ; and (Mn,l 2s|l ] U ] Aq.) 70-2 
Cals.; J. Thomsen gave (Mn^olirt.Aq ) -75-7 Cals. F. Ephraim and 0. Schiitz 
discussed the heat of formation. (3. Devoto and A. Guzzi gave for the free energy 
of formation : 

<,:.o ' tiio s ‘ 7:»o° son’ h:»o d 

Free energy 50,630 48,480 46,320 45,420 43,290 eulh. 


E. Wedekind found that the anhydrous salt is ferromagnetic ; and A. Licbknecht 
and A. P. Wills gave 49x10 0 mass unit for the magnetic susceptibility of aq. 
soln. 

F. Ducelliez observed that manganous iodide is a white powder. J. C. (}. dc 
Mnrignac said that manganous iodide becomes brown on exposure to air ; and 
J. L. Lassaigne, and A. (3 urge u oliservcd that if air ho excluded, the salt can be 
melted without decomposition, but in air, iodine and manganese oxide are formed. 
W. Riedel found the cq. conductivity, A, of a soln. of an cq. of manganous iodide 
in v litres, at 18°, to be : 

v . 20 40 80 1 60 320 040 1280 5120 or 

A . 101-13 105-89 111*09 115-18 119-94 112*37 123 55 127 32 130 6 

a . U-7742 0-8108 0*8506 0 8819 0-9184 0 9370 0*9460 0 9730 100 0 


The degrees of ionization, a, were also calculated ; and the transport numbers for 
04)025 to (MX)5A/-MnJ 2 soln. were 0*6077 for the auion and 0*3923 for the cations ; 
and for a U-OSiV-soln. resjiectively 0*6232 and 0*3768. The II -ion cone, of 
0*05Jlf-MnI 2 is 10 4 * 4ft , and for O01Af-Mnl 2 , 10" 4 ' r ’ 4 . This shows that the hydro- 
lysis is very small. According to J. L. Lassaigne, the salt is very deliquescent. 
It is freely soluble in water, forming a colourless soln. which on evaporation yields 
white needles. The aq. soln. decomposes on exposure to air with the separation 
of brown flecks. P. KutznetzofT found that when air is passed through o cone, 
soln. of manganous iodide or when a soln. is repeatedly evaporated, manganous 
OXyiodide, MnI 2 .Mn0.6H 2 0, is formed in colourless, microscopic, birefiingent 
needles, which gradually lose iodine at 115 C to 120 u . According to J. L. Lassaigne, 
iodine is liberated from manganous iodide by chlorine, and bromine, as well as by 
sulphuric acid, E. (j. Franklin and 0. A. Kraus found that the iodide is fairly 
soluble in liquid ammonia. W. Peters observed that the* anhydrous salt absorbs 
ammonia to form manganous hex&mminoiodide, Mnf 2 .6NH a , and the white product 
loses a mol. of ammonia in vacuo. This is not taken up again when the salt is 
voi* xii 2 o 
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re-exposed to the gas, so that some internal change occurs. F. Ephraim gave for the 
dissociation press., p mm., of the hexammine : 

125 5 ° 135 ® 143 5 ° 140 - 5 ° 150 ° 102 5 ° 168 5 ° 173 - 5 ° 

p . 105 150 225 280 364 475 506 720 


•PFi 


153 6 


MohNH. 




Fi(l. 80. — Dissociation 
Pressures of Man - 
ganous Hoxamniino- 
iodide. 


W. Biltz and G. F. Hiittig prepared the hexamminoiodidc as in the case of the 
hexamminochloride, Fig. 80. There was no sign of the existence of a itionaiumine. 
At 154° the dissociation press, of the hexamminoiodide p - 316 min., and the heat 
of dissociation ^>=-16-2 Cals. ; and for manganous diamminoiodide, MnL 2 .2NH a , 
at ‘208°, p=ll-l mm., and Q— 21-6 Cals. ; and at 215°, p==-I4*6 mm., and 21 -7 
Cals. F. Miiller gave 3k° to 172° for the dissociation temp, of the hexammine ; 
172° for the pontamminoiodide ; above SOU"' for the dinimnine and the mouammine. 

F. Ephraim, and G. L Clark discussed the vol. contraction 
attending the formation of the iimmines ; and W. Biltz 
and E. Birk, the mol. vol. J. L. Lossaigne found that nitric 
acid liberates iodine from manganous iodide. 1\ Walden 
found manganous iodide 1o be soluble in phosplioryl 
chloride, and in arsenic iodide. A. R. Leeds observed that 
with aniline, manganous iodide forms Mnl 2 2C 0 H 5 (NH 2 ) , 
A. Moitessier, that with phenvlhydrazine, JVInl 2 
2CflH5.NH.NH2; and G. A. Barbieri and F. Calzolari, that 
with hexamethylenetetramine, Mnl2.2CflJI l2 N 4 .lQH20 is 
formed ; B. Kbhnlein found that manganous iodide and 
propyl chloride change their halogens at 145°-150 J . C. E. Saunders saturated a 
hot sat. sola, of manganous chloride with potassium iodide and observed that the 
precipitate, KMn('l 3 2IJ 2 U, contained very little iodide ; and a similar rfvsult was 
obtained by treating manganous iodide with potassium chloride. No evidence of 
the formation of a mixed potassium manganous chloroiodide was obtained. 
A. Duhoin obtained a deposit of mercuric manganous iodide, 5HgL.3MiiT 2 .20H 2 f >, 
from a sat. soln. of the component iodides evaporated over sulphuric acid at 
17°. The up. gr. of the salt is 3-8. 

J. L. Lasbuigne observed that powdered pyrolusite with cold hydriodic acid 
forms a dark yellowish-red soln. which when warmed gives off iodine to form 
manganous iodide. J. Nickles found that if one of the higher manganese oxides 
be suspended in ether and treated with hydrogen iodide, a green liquid is formed 
which is easily decomposed. Possibly these liquids contain a very unstable man- 
ganese tiiiodide or tctraiodidc. According to W. Riedel, manganese tetraiodide, 
Mnl 4 — probably Mnl 2 .L>-~ exists in soln. obtained by shaking an aq. soln. of man- 
ganous iodide with iodine at 25°. Just 2 mols. of iodine are taken up by 0-1 jH-MnI 2 ; 
more eonc. soln. take up more iodino. The cq. conductivity, A, of the soln. of an 
eq. of the salt in v litres at 18° and the calculated degree of ionization, a, are : 
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A 
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0*7866 
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111-59 
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ot 

J 14-39 


D, Dobroscrdoff observed that when a mixed cone. soln. of manganous and 
mercuric iodides is heated on a water-bath and allowed to stand in a desiccator over 
sulphuric acid, yellow prisms of manganous mercuric hexaiodide, Hg 2 MnI 6 .6H 2 0, 
are formed. When roasted, manganese tritatetroxide is formed. The salt is readily 
separated into its components in aq. Boln., with the deposition of mercuric iodide. 
The salt dissolves without decomposition in acetone, and in alcohol. A. Duboin 
obtained 3MnI 2 .5HgJ 2 .20H 2 O in an analogous way. The sp. gr. of the salt is 
3*8. The salt dissolves freely, without decomposition, in methyl, propyL iso- 
propyl, isobutyl, and allyl alcohols, in ethyl aee£atc and in ethyl cyanide Y It 
rather less soluble in amyl, propyl, and iBobutyl acetates, in acetone, in formic 
acid (with the precipitation of mercuric iodide), in acetic acid, in ethyl benzoate 
and oxalate, in butyl and amyl alcohols, and in nitrobenzene ; it is slightly soluble 
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with decomposition in glycerol ; and it is insoluble in ethyl nitrate, ethylene 
bromide, toluene, benzene, chloroform, carbon tetrachloride, ethyl iodide, mono- 
bromobenzcnc, and monocblorobenzcne. 
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§ 21. Manganese Sulphides 

F. J. Muller von Reiclicrustciii 1 described a mineral fiom Nagyiig, Transylvania, 
which lie called Sihttvrzr Blvndv , and he regarded it as a Brauns! fin contaminated 
vi ft h sulphur; J. J. Bindheim also showed that it coulaincd Braunslein, sulphur, 
iron, and silica; L. N. Vauquclin considered the manganese to be present in the. 
lower stage of oxidation. A. M. del Rio described a Mexican mineral which he 
‘ailed nlnhamhua ttulfurra after Alabamla, in (‘aria, Asia Minor and regarded 
as a compound of manganese, sulphur, and silica. 1). L. (I. Karsten called 
the mineral Mangantflanz ; (J. (\ Leonhard, Jlrtunintciiilirs \ J. F. Blurnenbach, 
ttntttnsfcwblcHdc ; 0. A. 8. Hofmann, Manga vide tub ; A. Brcithaupt, Hhuncn- 
baihitc ; F. 8. Bcudant, alalxwdin ; and .1. 1). Dana, al&bandite. The .inulyses 
of .1, A. Arfvcdson, M. If. Klaproth, J. 1j. Proust, and A. F. (iehlen showed iliat 
Hie mineral is essentially manganese monosulphide, or manganous sulphide, MnN. 
Other analyses were reported by (\ Bergemami, A. t T. Moses, and A. Baimondi. 
Observations on the occurrence of the mineral in the Siebenbiirgen were also made 
liy P. Groth, M. J. Ackner, V. li. von Zejdiarovich, K. F. Peters, A. Schmid, 
U. Zahrl, and E. von Fellenberg ; in Hungary, hy M. J. Ackner, V. 11. von Zepharo* 
vich, A. E. von Keuss, P. Groth, 11. von Vivenot, and B. von Cotta and E. von 
Fellenberg ; in Saxony, by A, Breithaupt, and A. Frenzel ; in France, by A. Lacroix, 
and A. Bertrand ; in Brazil, by (}. Leonhard ; in Peru, by Y. y Rico, and A. Rai- 
mondi ; in Mexico, by C. Bergemann, H. J. Burkart, and A. M. del Rio ; in the. 
United States, by A. J. Moses, and W. B. Smith ; and in New South Wales, by 
A. Liversidge. Manganous sulphide wa« reported to be a furnace product e.jp. 
in blast-furnace slags- by J. F. L. llausmann, J. L. H. Vogt, and H, Vogelsang. 
Y. Wust reported that the sulphur in pig-iron containing manganese, becomcH 
insoluble as manganous sulphide in the metal-bath. The good development of 
crystals of manganous sulphide shows that they existed while the mass was still 
fluid ; in the words of H. lc Ch atelier and A, Ziegler ; 

,, L® sulfuro do manganese, nvant pris une Hy metric criHtullinc, «ht luWessuiromont 
1 cli-mont do premiere eonsolidatiun, e'ost-a-dire ipio won point cle fusion ewt Mupdriour a 
u'liii du manganese ot i>ar nuilo du fer ; il ohI dune tres cloign6 do colui du sulfuro do fer. 
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K. Jellinck and J. Zakowsky attempted to determine the affinity of manganese 
for sulphur. J. J. Berzelius converted the red hydrated sulphide, obtained by pre- 
cipitation, into anhydrous manganous sulphide by heating it in a current, of dry 
Jiy’drogcn sulphide ; (\ Doelter, P. de Clermont, and T. Bidot used a similar pro- 
cess ; and P. do Clermont and H. Guyot dehydrated the green hydrated sulphide 
by heating it in dry hydrogen at 105°. Anhydrous manganous sulphide, in more 
or less well-defined crystals, was prepared by J. A. Arfvedson by passing hydrogen 
sulphide over heated manganous oxide or sulphate so long as water is formed. 
C. von Hauer, F. Fouque and A, Michel-Lcvy, and J. J. Ebolmen recommended 
a similar processj and E. von Fellenberg used manganous carbonate. H. Rose 
heated more or less oxidized manganous sulphide or sulphate mixed with sulphur 
in a current of hydrogen until the product had a constant weight ; and J. A. Arfvcd- 
son also heated a mixture of pyrolusite or manganous carbonate and sulphur. 
0. Rohl heated a mixture of manganese oxide and an excess of sulphur to in- 
candescence in a current of hydrogen and found the product contained 1)6-58 per 
cent. MnS, H)4 per cent. Mn 3 0 4 , and 1*50 per cent. S. By repeating the operation 
on this product mixed with sulphur, only traces of oxide wore contained in the 
resulting manganous sulphide. J. W. Dobereiner, and P. Bcrthier reduced the 
sulphate by carbon at a red-heat; K. Stammer reduced the sulphate by carbon 
monoxide ; II. Rose, by hydrogen. A. Voelcker heated mangamte to redness m 
a current of carbon disulphide vapour ; and A. Gautier and L. ilallopeau observed 
that when the metal is similarly treated at 1400°, some carbide as woll as sulphide 
is formed. R, Schneider obtained good crystals by melting a mixture of man- 
ganous sulphate, potassium carbunate, and sulphur (1 : 12 : 12), extracting the 
soluble salts with water, and drying the product in hydrogen. A. Mourlot reduced 
the sulphate by carbon in an electric furnace ; M. Picon said that the product is 
always contaminated with carbide, and that sulphide of a high degree of purity 
is best made by the action of hydrogen sulphide on the oxide at 1)00 . J. Milbaucr 
obtained the sulphide by fusing the oxide with potassium thiocyanate. E. Wede- 
kind and T. Y T eit prepared the sulphide by the action of a manganese thermite 
mixture on sulphur ; the action is very vigorous. 11. de Scnarmont heated a soln. 
of a manganous salt with alkali sulphide in a bomb-tube at 187°; Jf. Baubigny 
left standing m a sealed tube for about a year a mixture of 1*1 grm. of neutral 
manganous acetate dissolved in 100 c c. of watei acidified with a few drops of 
acetic acid and saturated with hydrogen sulphide ; and K. Woinsehcnk heated in 
a sealed tube at 230 ’ to 250° an ;uj. soln. of a muiujunoiis salt, acetic acid, and 
ammonium thiocyanate. J. Milbaucr obtained the amorphous sulphide by fusing 
a mixture of manganese oxide and potassium thiocyanate. E. Beutel and 
A. Kutzclnigg studied the anodic formation of the sulphide. 

G. Brum and M. Padoa found that manganous salt soln. in dil. hydrochloric 
acid gave no precipitate with hydrogen sulphide e\eu when the gas is under a great 
press. ; but if the soln. be treated with alkali sulphide or hydrosulphidc, a pre- 
cipitate is formed which, as J. F. John observed, may exhibit various colours- - 
red, yellow, green, etc.- -according to the conditions. According to \ r . M. Fischer, 
manganous sulphide may be precipitated from a faintly acid soln. of a manganous 
salt by means of hydrogen sulphide if the passage of the gas be sufficiently pro- 
tracted. The precipitate 4 obtained in this way is Ted or orange-red, and, depending 
on the degree of acidity of the soln., is either anhydrous or hydrated to a maximum 
of 17 per cent, of water, corresponding with the composition MuS.lKO ; undet 
certain conditions it is deposited in the form of doubly refracting crystals. Rose- 
coloured manganese sulphide precipitated from a soln. of a manganous salt by 
meuns of the sulphide of an alkali metal is amorphous. 'Flic precipitate is usually 
flesh-coloured or pink, but if the soln. is much diluted, H. W. F. Wackcnruder 
observed that the precipitate appears to be white for the first few' momenta. 
A. Vilhers applied the term protomorphic to the condition or state in which various 
metal sulphides exist at the moment of their formation. The prutomorphic state 
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is presumably equivalent to what is now called the colloidal state. 0. Buff and 
}j. Hirsch discussed the precipitation of manganese sulphide in the presence of 
zinc, cadmium, and mercuric sulphides ; and S. M. Kuzmeno, in the presence of 
zinc, iron, cobalt, and nickel sulphides. A. Terreil observed that in the presence 
of a large proportion of ammonium salts, the precipitate obtained with ammonium 
sulphide and a soln. of a manganous salt may be dirty yellow, and if much free 
ammonia is present, sulphur-yellow ; and A. Voelcker, that a Bmall, reddish pre- 
cipitate may be produced if hydrogen sulphide is passed into a soln. of manganous 
acetate, particularly while the liquid is exposed to Runlight. These coloral ions may 
in part be due to impurities — sulphur, etc. — and in part to the degree of fineness 
of the precipitate. 0. Ruff studied the precipitation in the presence of zinc salts. 

Two main varieties are generally recognized, red or pink and green. The red 
variety is obtained when the precipitation is made under the conditions just 
indicated. 1). Antony and 1* Donnini recommended preparing the red sulphide 
by precipitation from ammoniacal soln. of manganous sulphate by ammonium 
sulphide, washing the product in an atm. of hydrogen sulphide, and drying it at 
70 u in a current of carbon dioxide. Any contamination with sulphur ran be removed 
by washing the product with carbon disulphide. F. Seeligmann obtained it in an 
easily-filtered form by treating a soln. containing about half a gram per 2(X) c.c. 
with 10 to 20 c.c. of 25 per cent, ammonia per 10 c.c., heating the liquid to f»(V’ to 
.M() L \ adding a slight excess of ammonium sulphide, and boiling for a few minutes. 
F. L. Hahn also described the preparation of the red sulphide. According to 
L. Joulin, equimolar parts of a soln. of manganous sulphate and sodium sulphide, 
diluted 1 : 10,000, after standing four days, contain one-fifth of the sodium sulphide 
still undecoinposed. C. R. Fresenius said that the precipitation is incomplele if 
colourless or yellow ammonium sulphide is employed ; but if ammonium chloride 
be present, the precipitation is complete ; A. Terreil, and A. Classen also observed 
that the presence of free ammonia hinders the precipitation of manganous sulphide 
by ammonium sulphide. II. How, J. Spiller, and C. R. Fresenius also observed 
that the presence of oxalic, tartaric, or citric acid hinders the precipitation of 
manganese sulphide by ammonia and ammonium sulphide ; while the precipitation 
with alkali-lye and alkali sulphide is hindered by citric acid, but not by oxalic or 
tartaric acid. K. Jellinck and 0. von Podjasky studied the reaction Mutt ] 21 Id 
^Mnd 2 +H 2 8 — vide supra , manganous chloride ; and 0. F. Tower and Jfi. K. Chap- 
man, the formation of the sulphide in rhythmic rings. 

According to C. R. Fresenius, the green variety of manganous sulphide can be 
obtained from the red in different ways. C. Meinecke obtained the green sulphide 
by treating an ammoniacal soln. of a manganous so.lt with ammonium sulphide, 
and boiling the mixture for some minutes. According to IT. Antony and V. Donnini. 
if the washed precipitate of red sulphide be left in water, or better in a soln. of 
ammonium sulphide, for a few days, it turns green ; and a similar change is brought 
about by heating the red powder to 300° to 320° in a current of carbon dioxide or 
hydrogen sulphide. J. C. Olsen and W. S. Rapalje obtained a similar result. 
J. T. Norton obtained the green sulphide by heating manganous sulphate with a 
hoIu. of sodium thiosulphate at 140° to 150° — the precipitation is incomplete. 
F. h. llahn recommended the following process : 

One hundred grams of manganese sulphato are dissolved in 300 c.c. of water. 100 c.c, 
of 20 per rent, ammonia soln. are Bat. with hydrogen sulphide, and another 100 c.r. of (lie 
ammonia added (colourless ammonium sulphide). 30 c.c. ot this liquid are saturated with 
sulphur at the boiling temp, and then made up to 100 c.c. with tho colourless soln. (yellow 
ammonium sulphido). To a boiling mixture of 6 c.c. of the manganeso soln., 20 c.c. of 
^0 per cunt, ammonia, and 100 c.c. of water, are added 30 c.c. of the ammonium sulphide 
soln. The precipitated manganeso sulphide is dark green. To this is immediately added 
tne ammonium sulphide soln. and the warm manganese salt is added in portions, tho mixture 
a k e Pt fchuost boiling and well Btirred. If the manganoBe salt is added too rapidly, the 
flesh-coloured sulphide separates ; 

while V. M. Fischer recommended the following process : 
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Ten grams of tetrnhydratad manganous cldoride or a oorresponding quantity of tho 
sulphate arc dissolved, together with 5 grans, of ammonium chloride, in 25 c.c. of water 
in an Erlenmeyer flask, 100 c.c. of 25- 29 i>cr cent, ammonia soln. being then added. From 
the clear soln. thus obtained, the row'- coloured manganese sulphide is precipitated by 
gradual addition from a dropping funnel of 100 c.r. of cold ammonium hydrogen sulphide, 
prejiared by saturating 2*5 per cent, ammonia soln. with hydrogen sulphide ; during tho 
precipitation the liquid is constantly shaken. After about fifteen minutes the rose- 
coloured precipitate begins to change into the green modification, the conversion being 
complete after some hours. Thn manganous sulphide is then separated by filtration, 
washed with dilute ammonium hydrogen sulphide soln., and dried in a current or hydrogen 
at no 6 . 

According to A. MiekwitzandG. Landesen, the sole condition for the formation 
of the green Halt is the presence of free ammonia before the addition of the 
ammonium sulphide If no free ammonia be present, the rose-coloured sulphide 
precipitated by ammonium hydrogen sulphide contains more Hiilphur than is required 
by the formula MnS, and its composition is better expressed by the formula I^MnsS,, ; 
in presence of free ammonia, the formula is (NIlJllMn^K*, and this rose-coloured 
precipitate slowly passes into the green form, MnS, giving up (NH 4 )SH to the 
mother-liquor. 1\ dc Clermont and II. Guyot studied the conditions which influence 
the change. An excess of ammonium sulphide and heat favour the transformation ; 
while the presence of an excess of ammonium chloride hinders the change ; an excess 
of manganous salt or the use of sodium or potassium sulphide in different degrees of 
sulplumition gives the red sulphide. F Muck found that solid manganous chhmde 
gives some green salt ill the cold ; the sulphate gives less; the nitrate gives only 
tiace.s ; the phosphate forms the green sulphide rapidly, so also does the oxalate 
Ammonium sulphide precipitates the green sulphide from a hot ammoniacal soln 
of manganous oxalate; and a soln of the red sulphide in ammonium oxalate gives 
the red sulphide when cold and the green sulphide when hot. According to l\ do 
Clermont and H. Guyot, tho anunonincal soln. of manganese oxalate with an excess 
of ammonium sulphide in the cold gives no precipitate, but when hot, red manganous 
sulphide separates and it quickly turns green. If a manganous salt be mixed for pre- 
ference with potassium oxalate ammonium oxalate and oxalic at id are less suitable 
- boiled, and treated with ammonia, and then with hot ammonium sulphide, a 
mixture of the red and green sulphides is formed, which when heated on a sand- 
bath becomes wholly green. This also occurs if ammonium chloride be present. 
F. Muck found that some green sulphide, is produced when manganous carbonate 
is boiled for 10 mins, with ammonium sulphide in excess, and if heated for some hours 
in a sealed tube all is converted into the green sulphide, but the formation of green 
sulphide does not occur if the carbonate be gradually heated with soln. of hydrogen 
sulphide or of potassium or sodium sulphide. F. Muck, and T\ de Clermont and 
II. Guyot found that if the liquid in which the red sulphide is suspended be frozen, 
the green sulphide is formed, but A. Geuther said that this is not the case. 
A. Villiers obtained the green sulphide by udding a very small excess of ammonium 
sulphide to a very dil. soln. of manganous chloride at 0 rj . He said that the 
precipitation of manganous sulphide in a neutral Roln. saturated with ammonium 
and alkali salts gives a pink precipitate which does not turn green, whereas pre- 
cipitation m a neutral soln. containing but a small amount of foreign salts gives a 
pink sulphide which slowly changes at the, ordinary temp, into the green form, 
in order lo obtain the green sulphide in the cold, any excess of acid should be first 
le moved, the soln. diluted, made alkaline with ammonia, and ammonium hydro- 
sulphide added. F. Muck observed that water or a cone. soln. of hydrogen 
sulphide or aq. ammonia docs not transform the red into green sulphide when 
heated under ordinary press., or when heated to 140° or 150° in a scaled tube 
for 4 to f> hrs., but 1\ dc Clermont and H. Guyot found that the transformation 
does not occur if the red sulphide is heated with water for 48 hrs., but a little 
is changed when it is healed m water vapour at 305°, and some red sulphide 
is changed by the soln. of hydrogen sulphide at 220°; and with a 20 hrs.’ 
heating with aq. ammonia at 220° the red sulphide is turned green, but not so 
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if ammonium chloride or quicklime be present. F. Muck observed that if the 
rod sulphide be heated with an excess of ammonium sulphide at ordinary press., 
or at 140° to 150° in a scaled tube, the green sulphide is formed, but if the red 
sulphide be first heated with a little and then with an excess of ammonium sulphide 
it dors not become green. P. de Clermont and H. Guyot found that potassium 
and sodium sulphides do not change the red sulphide at ordinary press., or at a 
higher press, in a sealed tube, nor does the change occur if a little ammonium 
sulphide is present ; potassium hydrosulphide under press, changes the red sulphide 
to a violet colour, and F. Muck obtained a similar result with potassium poly- 
sulphide. P. de Clermont and H. Guyot observed that the red sulphide is not 
changed when heated to 300° with a soln. of ammonium sulphide ; with ammonium 
raibonato, manganous carbonate is formed ; with ammonium phosphate, man- 
ganous phosphate ; and with potassium chloride, at 200°, a white compound. 
V. M. Fischer said that the change of red to green sulphide, which occurs in about 
1 h mins in an ammonia cal soln. of ammonium sulphide in t tie presence of ammonium 
chloride, also takes place in absence of ammonium chloride, and for each con- 
centration of ammonia corresponding with the maximum velocity of the conversion. 
The latfet prevented by the presence of even a small proportion of hydroxylnmine 
hvdiochloridc. and is retarded bv ammonium chloride if this is added subsequently 
to the precipitation The pink or red variety is also converted into the gTcen form 
lo trUuiatioii. The properties of the two sulphides were studied by IT B. Weiser 
and AV. O Milligan. They found that the change from the rose to the green 
manganese sulphide occurs at the b.p. in iho presence of a sufficient excess of 
torlium sulphide At room temp , the change readily occurs when ammonium 
sulphide in the presence of aq. ammonia is the precipitant. The critical rone, 
of the Teagents for the maximum spend of the transformation is sharply defined. 
In the presence of ammonium hydrosulphide free from ammonia the change 
slowly oecuihwlien the tosc precipitate iH seeded with the green one by mixing 
tins form with the reactant before precipitation Rapid mixing delays the change, 
and free uimnonia is not essential. The solvent action of sodium sulphide and 
ammonium sulphide on the rose sulphide is an important factor in initiating and 
accelerating the transformation, but the absorption of ammonia by the lose 
precipitate acts protectively and retards tin* change. There is no evidence that 
the rose precipitate which spontaneously turns to green has the composition 
(NH 4 )HMn a S 4 . The rose sulphides formed in the presence or absence of free 
ammonia are identical in structure, as are the light and dark green sulphides 
formed with sodium sulphide and ammonium sulphide respectively; the difference 
in colour is due to a variation in the Bize of the particle. 

G. Landesen observed that the red precipitate obtained with a soln. of ammonium 
sulphide, free from ammonia, equivalent to 4-{5 mols of NHjHS per gram-atom of 
manganese acquires a greenish film in about (> days, and that tlic subsequent change 
from red to green proceeds very slowly. There is, however, a more rapid change of 
red to orange, which is completed in about 6 months, and the dark green variety grows 
ut the expense of the orange form. The passage from red to orange is accelerated 
m the presence of ammonia. The orange and red varieties are amorphous, thp 
green form is crystalline. The reaction with manganous chloride is supposed to 
proceed MnCl 2 +NH 4 OH-»Mn(OH)Cl -f NH 4 C1 ; followed by Mn(OH)Cl bNH 4 HS 
->Mn(OH)(HS)+NH 4 Cl; and by Mn(OH)(HH)-»MnS+H a O. Likewise with the 
Hulphate, 2MnS0 4 +2NH 4 0H->H0-Mn-B0 4 -Mn-0H+(NH4) 2 80 4 ; HO-Mn-S0 4 
-Mn-0H+2NII 4 SH->2(H0.Mn.SH)+(NH4) 2 S0 4 ; etc. 

P. de Clermont and H. Guyot found that the red sulphide after drying in vaouo 
contained water eq. to MnS.H 2 0, and when dried in hydrogen at 106°, water cq. 
to 2MnS,H 2 0. C. R. Fresenius, and A. Classen said that the green sulphide is 
anhydrous ; and E. Priwoznik found the green sulphide dried in vacuo has 13-39 per 
cent, of water, but when dried at 105° it is anhydrous. F. Muck regarded the green 
sulphide as an oxysulphide ; and P. de Clermont and H. Guyot observed that it 
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becomes anhydrous when heated in hydrogen at 105°, and it loses no more in weight 
when heated to redness in a current of carbon disulphide ; when the green sulphide 
has been dried in vacuo, it loses water eq. to 3MnS.2H 2 0, in dry hydrogen sulphide. 
J. C. Olsen and W. S. Rapalje said that the green and red sulphides are anhydrous ; 
and U. Antony and P. Donnini found that both the green and the red sulphides 
dried at 70° in a current of carbon disulphide have the same composition, being 
anhydrous manga nouR sulphides. The red variety consists of tiny, reddish, trans- 
parent crystals* U. Antony and P, Donnini, and J. C. Olsen and W. S. Rapalje 
said that the green variety is crystalline. According to V. M. Fischer, green 
manganous sulphide may be obtained either anhydrous or in a hydrated form, 
the content of water, which varies from 0 to 17 per cent, is dependent on the 
cone, of the ammonia, the presence or absence of ammonium chloride, and the 
length of time during which the precipitate remains in contact with the mother- 
liquor. Any hydrated green sulphide becomes anhydrous if left long enough in 
the liquid. This sulphide maybe obtained crystalline if the Boln.is stirred during 
the formation of the precipitate, or if ammonia is first added to the soln. of the 
manganous salt, and ammonium hydrogen Bulphide then gradually introduced. 
P. de Clermont and H. Guyot said that the green sulphide is stable, the pink 
variety unstable. The difference in the properties is not due to different degrees 
of hydration, for the transformation of the red to the green sulphide is not effected 
by dehydrating agents like potash-lye or alcohol, but it is effected by heating 
the red sulphide in a current of carbon dioxide under conditions where only 0-21 
percentage loss in weight occurs. U. Antony and P. Donnini attributed the 
difference in coloration and chemical properties to differences in the state of 
condensation of the material, the green sulphide being more condensed than the 
red variety. This is because the sp. gr. of the green variety is rather higher than 
that of the red variety. 

J. C. Olsen and W. S. Rapalje stated that in addition to the anhydrous red and 
green Bulphides, there is a grey variety of manganous sulphide which is highly 
hydrated. The red Rulphide of manganese obtained by the action of ammonium 
sulphide on a neutral soln. of manganous chloride appears to be a mixture of the 
grey and Ted sulphides in varying proportions. The red sulphide is not uniform 
in composition, and contains from 4 to 14 per cent, of free sulphur and a varying 
amount of water. The red variety of manganous sulphide is usually considered to 
be in the amorphous or colloidal state. O. Fisscler prepared colloidal manganous 
sulphide by adding the theoretical quantity of manganous sulphate to an aq. soln. 
of sodium lysalbinate or protalbinate, and, after adding some sodium hydroxide, 
p&Bsing a current of hydrogen sulphide through the liquor. The brown sol becomes 
flesh-coloured. The colloidal soln. when evaporated on a water-bath and dried 
in vacuo forms pale brown plates which readily form a sol with water. The sol is 
milky brown by reflected light and yellowish -brown with a reddish tinge in trans 
mitted light. P. B. Ganguly and N. R. Dhnr found that in colloidal soln. sulphur 
is formed. 0. F. Tower and E. K Chapman, and J. Hausmann observed that when 
manganous sulphide is precipitated in jellies, rhythmic layers may be formed. 

Native manganous sulphide is iron-black or dark steel-grey. It usually occurs 
in granular aggregates ; it also occurs in cubic crystals with a cubic or dodecahedral 
habit ; there may be twinning about the (lll)-faee. R. W. G. Wyckoff discussed 
the possible space groupings for the X-radiogram of alabandite, and he concluded 
that the arrangement of the atoms with either 4 or 32 chemical molecules per unit 
cell is either that of the rock salt type or a tetrahedral or tetartohedral grouping 
very close to this. E. J. Cuy calculated 2-61 A. for the interatomic distance. 
H. B. Weiser and W. 0. Milligan found the spate-lattice is probably a face- 
centred cube with a— -5-20 A. The crystals were described by K. F. Peters, 
F. Roll, P. Groth, A. Breithaupt, E. von Fellenberg, R. von Vivenot, A. Schrauf, 
A. Bertrand, A. Lacroix, H. J. Burkart, A J. Moses, W. B. Smith, etc. As 
indicated above, U. Antony and P. Donrini found both the red and green varieties 
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are crystalline, but others state that the red variety is amorphous. The crystals 
of the mineral alabandite are like those of sphalerite, or zinc-blende, but the 
minerals are not isomorphous because alabandite does not possess the dodecahedral 
Cleavage of zinc-blende ; rather is the cubic cleavage like that of sodium chloride and 
magnesium oxide. T. Sidot obtained yellowish-green hexagonal prisms isomorphous 
with wurtzite. Hence, like zinc sulphide, manganese sulphide is dimorphous. 
A. Damour, and A. des Cloizeaux observed a manganiferous variety of wurtzite 
in some lapis-lazuli from Siberia. They called it erythrozindie. Crystals of the 
alabandite type were obtained artificially by F. FouquA and A. Michel-Levy, 
(\ Doolier, A. Reis and L. Zimmermann, H. Baubigny, E. Weinschenk, H. de 
Senarmout, E. Wedekind and T. Veit, R. Schneider, and A. Mourlot — vide supra. 
V. M. Fischer said that the black crystals of the green sulphide have green streaks 
and have the form of octahedra or ieositetrahedra. A. E. van Arkel found that the 
X-radiogram shows that ferrous and manganous sulphides form ionic space-lattices. 
H. Ott found that the space-lattice resembles that of manganous oxide with 
a - 5*24 A , and the calculated density is 3-98. 0. Stelling, and W. F. de Jong and 

H. W. V Willems studied this subject. 0. Ruff examined the effect of copper and 
zinc sulphides on the space lattice; and P. Royer, parallel growths of alkali halides 
on manganous sulphide. The specific gravity of the mineral given by V. R. von 
Zcphuruvirli is 3*87 ; by R. Zahrl, 3-89 ; by H. J. Burkart, 4-125 ; by C. Bergemann, 
4-036; and bv A. .1 Moses, 4 031 tu 4*010. A. Mourlot found that the erystals 
obtained m the electric furnace have a sp. gr. 3-92, and that the sulphide which 
had been fused had a sp gr of 4-06. IT. Antony and P. Donnini gave 3-55 at 17° 
for the H|> gr of the anhydrous red sulphide dried at 70°, and 3-74 at 17° for 
the green sulphide V. M Fischer gave 4 03 for the sp. gr. of the crystals of the 
green sulphide , and 3-92 to 406 for the sp gr. of alabandite. The hardness of 
alabandite is between 3 and 4. II. Fizeau found the coeff. of thermal expansion, a, 
to be 0-0O00J5J9 at 40 , and rfa/cW-=-0-07217. A. Sella gave 0-1392 for the 
specific heat ; and (\ T. Anderson gave for the mol lit., C p : 
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The results for the whole series of observations are plotted in Fig. 81. There is a 
sharp maximum at about —13.5°, and a break in the curve at —126°. Manganous 
sulphide is not changed when heated out of 
contact with air; J. J. Berzelius observed 
that the red sulphide gives off water when 
heated in a retort — i.e. out of contact with 
air- — and the green sulphide is formed. P. de 
Clermont, and II. Guyot observed that the 
red sulphide is not changed when heated in 
a closed vessel to 300°, and similarly with 
the green sulphide. N. Parravano and 
(c Malquori gave for the dissociation press, 
at 600°, log p a =- -19-62. M. Picon said that 
manganous sulphide volatilizes unchanged at 
1375°. G. Kohl observed that a sample of 
manganous sulphide containing 12-5 per cent. 

of oxide melted at 1550°, while a preparation almost free from oxide had a 
melting-point of 1620° ; J. H. Andrew and co-workers gave 1615° ; and Z. Shibata 
gave 1610° ; N. Parravano and P. de Cesaris gave for the vapour pressure at 800°, 
4-5xlO~iR atm. ; at 900°, 8-3 X in'- 16 atm.; at 1000°, 6-6x10“^ atm.; and at 
1100°, 2-8x10 12 atm. J. Thomsen gave 46-37 Cals.; and C. T. Anderson gave 
62*9 Cals, at 25° for the heat ol formation of manganous sulphide from the metal 
and amorphous sulphur, and with rhombic sulphur, 44*39 Cals. M. Berthelot 
gave for precipitated manganous sulphide, (Mn,S)=45-6 Cals., and also 
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(H 2 Sw)j,i ,Mn(OH)2prMipiia^)=10‘l Cals., and J. Thomsen, 10-7 Cals. S. Wologdine 
and B. IVnkicvitsch gave 62*901 and 70*535 Cals, for the mol. ht. of formation of 
MnS. J. Thomsen gave (Mn(OH) 2 ,H 2 S,Aq.)--10*7 Cals. ; M. Bertlielot, 10-2 
Cals. ; and J. Thomsen, (Mn(N 03 )o,H 2 0 ,Aq.)— — 12*2 Cals. J. Thomsen also gave 
MnSO 4 ,4()0H 2 O + Na 2 S,400H 2 0 --= Na 2 80 4 aq. + + 7*79 Cals. ; and 

MnJNO^aq.-I ^Saq^MnSpreoipitafcr+^HNOs— 12*26 Cals. ; andM. Berthelotgave 
Mn(CoIl 30 2 ) 2 aq.+Na 2 Saq.— 2 NaC 2 H 30 2 -t-Mn 8 rrec i pI tat B + 6'3 Cals. C. T. Anderson 
gave - 64.000 cals, for the free energy of manganese sulphide; and 18*7 for the 
entropy at 25’. G. Beck discussed the energy of formation. 0. Slellmg studied 
the X-ray spectrum. F. Beijerinck found the electrical conductivity of alabandite 
is negligibly small, cold or hoi. W. Skey found the electrochemical series in 
sea-water to be — FeS, MnS, ZnS, SnS 2 , HgS, Ag 2 S, PbS, Cu 2 S, FeR 2 , Sb 2 Sa+. 
E. T. Wherry observed that the crystals of alabandite make a fair radio-detector. 
E. Wedekind observed that when heated, manganous sulphide becomes strongly 
magnetic ; and E. Wedekind and C. Horst gave for the maguetic susceptibility 
of the sulphide 44*32x10“ 0 mass unit ; and G. Wistrand, 64-8 xlO -6 . 

A Mourlot observed that the crystalline or fused sulphide is loss chemically 
active than the amorphous. The sulphide is not attacked by hydrogen at 1200 1 , 
but it is inflamed by oxygen below a red-heat. J. Milbuuer and J Tucek considered 
the roasting of the sulphide in air to be accompanied by the reaction : R m S„ | 2/?S0 2 
^-R ot (80 4 ) w fwS 2 A. Mailfert observed that ozone slowly converts manganese 
sulphide into the peroxide, with the liberation of sulphuric acid , and some per- 
manganic acid is simultaneously formed. The artificial sulphide turns brown in 
air even at ordinary temp., but the mineral is not changed by exposure to air. 

0. Binder noted a tendency to ignition when the artificial sulphide is dried. 
H. Hofer, R. von Vivenot, and H. J. Burkart have observed the natural weathering 
of the mineral to the sulphate ; and E. von Fellenberg observed that the mineral 
is attacked by liquids ; and A. E. von Reuss, and E. Doll observed the change of the 
sulphide to carbonate. J. A. Arfvedson found that when the sulphide is ignited 
in air, it forms manganese tritatetroxide and sulphur dioxide, the native sulphide 
less readily than the artificial. P. de Clermont and H. Guyo* found that the red 
sulphide, when dried in vacuo, becomes red-hot when exposed to air and forms 
sulphur dioxide, manganous sulphate, and brown manganese oxide ; while the 
green sulphide is more resistant to oxidation. If 10 gTins. of moist green sulphide 
be Tubbed in a mortar, the temp, rises to about 60° and steam m given oft 
P. W. Hofmann observed that when the sulphide is heated a few minutes in a 
platinum capsule, sulphur dioxide is given off, and manganous sulphate, and 
manganese dioxide and monoxide are formed respectively in the proportions 
41*5 : 189 : 36*6. W. Biltz found the solubility of manganous sulphide m water to 
be l-10x 10" 4 mol per litre ; 0. Weigel found that for the precipitated red sulphide 
the solubility is 7*16x10" 6 mol per litre at 18°, and that for the green sulphide 
5*45 X 10“ r ' mol per litre. It is here assumed that the sulphide is completely 
hydrolyzed to manganous hydroxide and hydrogen sulphide. L. Bruner and 
J. Zawadzky calculated the solubility product to be 1*4x10 1C —the unreliability 
of this result turns on the uncertainty m the value for the potential of sulphur and 
manganese and on the state of the manganous sulphide in Boln. The solubility 
product is probably higher than that of the sulphides of most heavy metals. This 
means that the cone, of the S"-iona is high in the presence of small H'-ion concen- 
trations, nnd hence the sulphide is soluble even in acids of feeble strength. 

1. M. Kolthoff discussed the subject 0. Ruff and B. Hirsch studied the joint 
precipitation of zinc and manganese sulphides. A. Voelcker said that the red 
sulphide turns litmus blue ; and P. de Clermont and H. Guyot, that the Ted sulphide 
is decomposed when boiled with water. H. V. Regnault represented the reaction 
with steam at a red-heat by 3MnS-j“4H 2 0 ::= MDj0 4> “|-3H 2 S-[' H 2 . 

According to A. Mourlot, the crystalline sulphide is not attacked by fluorine 
in the cold, but if heated below redness the sulphide is decomposed with incan- 
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descence, while at about 350° chlorine attacks the sulphide which has been crystal- 
lized in the electric furnace, and sulphur monochloride is formed. E. von Fellenberg 
found that when ordinary synthesized manganous sulphide is heated in chlorine, 
it is converted into sulphur monochloride and crystalline manganous chloride. 
H. Rose found that the mineral is only slightly attacked when heated in chlorine, 
and a little sulphur monochloride is formed. A. Mourlot found that bromine 
attacks the crystalline sulphide Icbs readily than docs chlorine ; and that the 
attack by iodine begins at 600°. Hydrofluoric acid acts on the crystalline sulphide 
in the cold, and so does hydrochloric acid, but with hydrobromic acid the temp, 
must he raised, and so also with hydriodic acid. F. Fcigl showed that the solu- 
bility of manganous sulphide in acid is due in part to the oxidation of the sulphide 
to hydroxide. H. W. F. Wackenroder found that the green sulphide readily 
dissolves in even weak acids, with the evolution of hydrogen sulphide and the 
formation of a manganous salt. According to H. W. F. Wackenroder, red man- 
ganous sulphide is slightly soluble in a soln. of ammonium sulphide, but not if 
ammonium polysulphide is present; consequently, if a soln of a manganous salt 
be treated with an excess of ammonium sulphide, and the filtrate from the 
manganous sulphide be expos'd to air, or treated with a little polysulphide, 
manganous sulphide i* precipitated vide sit pi a. A. Classen said that manganous 
sulphide is slight lv soluble in fused sodium Milplnde. J\ de Cleimont and H. (*uyot 
found that the green sulphide is not altered when if. is heated with a soln of 
hydrogen sulphide ill a sealed tube at 250 '. if W V. Wackenroder, and F. Worthier 
found that red manganous sulphide dissolves in an aq. soln. of sulphur dioxide, 
forming, according to C. F. Rainmelsberg, sulphur and manganous thiosulphate, 
-ind, m cording tn L. fi'inelin, some nuinL'anous sulphate, but no hydrogen sulphide 
i- evolved \ (Jin' rout observed that if sulphurous acid is dropped on to rt*d 
manganous sulphide, hydrogen sulphide is given off, and manganous sulphite and 
sulphur are formed : MnS } H 2 S \ MiiS 0 3 , and a part of the sulphur 

reads with Ihe sulphite to form thiosulphate. For W. E. Henderson and 
H. B Weiser's observations cm the action of sulphur dioxide, ride 10 . f>H, zinc 
metasulphute. J. Milhaud* and J. Tucek obseived that when sulphur dioxide is 
passed over the heated sulphide, some sulphate is formed, but at a higher temp, the 
sulphate is converted into oxide. F. Forster and J. Janitzky studied the action of 
sulphurous acid on manganese sulphide. L. Moser and M. lielir gave 00050 mol 
per litre for the solubility in a 0-01A\so1n of sulphuric acid at 20 c . 

Aq. ammonia colours manganous sulphide deep yellow', forming, according to 
F. Muck, no ammonium sulphide, but rather a pulvthionate. J\ de Clermont and 
II CJuyot found that the green sulphide is not changed by heating it in ammonia, 
b Hanli observed that manganous sulphide is attacked by soln. of ammonium 
chloride. ]\ de Clermont and 11. (Juyot inferred that soln. of ammonium salts 
dissolve red manganous sulphide in accord with MnS | INH4OI 2NII 4 ( 1 l.MnCl 1 j 
-| 2NH 3 j HjjS. The rent tion begins in the cold, and 100 c.c. of a soln. of ammonium 
chloride, sat. at 12°, dissolve 0*43 grin, of MnS. The green sulphide is less soluble 
than the red. If the soln. in excess be boiled under conditions where the hydrogen 
sulphide and ammonia can escape, the manganous sulphide all passes into soln. ; 
but in a sealed tube a balanced reaction is set up. If ammonium sulphate be 
employed, polythionates may be found for instance. F. Muck observed the forma- 
tion of trithionate. 

According to (I. Tissier, a hot soln. of boric acid dissolves Ted manganous sul- 
phide. L. Kahlenberg and W, .1. Trautmann observed no reaction w r hcn a mixture, 
of powdered silicon and the sulphide is heated over the bunsen burner, but at a 
higher temp, a reaction occurs. A. Mourlot found that manganous sulphide, 
unlike the sulphides of iron, cobalt, nickel, and chromium, is not attacked by CftTbOD 
heated in the electric furnace for 15 mins. M. Houdard found that the diamond as 
well as amorphous carbon dissolves to the extent of 3*2 per cent, in molten manganous 
sulphide, and on rooling the carbon is rejected as graphite. M. Picon said that the 



m 


INORGANIC AND THEORETICAL CHEMISTRY 


heated sulphide can dissolve 15 per cent, of graphite without apparent change. 

N. Parra vano and G. Malquori gave for the reaction 2MnS4 C~ 2Mn4^S 2 , at 
1500°, logpcs a “ - 4-923. A. Wagner said that moist carbon dioxide rapidly 
attacks red manganous sulphide, liberating hydrogen sulphide, and, added P. do 
Clermont and H. Guyot, the action is rapid if the temp, is raised. The red sulphide 
liberates hydrogen sulphide when it is treated with acetic add. F. W. 0 de Coninck 
found that glycol dissolves 5 per cent, of the red sulphide : and A. Naumann, that 
the sulphide is insoluble in acetone. 

P. de Clermont and H. Guyot observed that sodium amalgam and water do not 
attack the green sulphide, but do attack the*red sulphide C. II. Herty and 

O. S True, and G. Rohl studied the reversible reaction with iron, Fo | 2MnFL- > 2Mn 
-f Fc 8 2 , and the formation of a complex salt, FeS.MnS. H. W. F Wackenroder, 
and F. Muck observed that white manganous hydroxide is formed by a boiling soln. 
of potassium hydroxide ; and P. de Clermont and H. Guyot, by an alcoholic soln. 
of potassium hydroxide in a sealed tube at 1 5() 0 . P. Berthier found that an excess 
of molten lead oxide forms sulphur dioxide, lead, and a slag containing lead and 
manganous oxides. A. Gorgeu found that manganous sulphide reacts with many 
metal salt soln., forming the metal sulphide and a manganous salt- v.g. 
E. F. Anthon observed that manganous sulphide decomposes boIii. of copper and 
cadmium sulphates ; silver, cobalt, and nickel nitrates : lead acetate, and ferric 
chloride; and E. Schurmann, soln of ferrous and nickel sulphates and thallous 
and cobalt nitrates. According to E. Diepsrhlag and E. Horn, the reaction between 
ferric oxide and manganous sulphide begins at about 550°, and at 800° to 8f)0 c the 
reaction MnS+9Fc 2 0 3 — MnO -)-6 Fp 3 0 4 4S0 2 is completed; the reduction of the 
ferrosic oxide begins at about 950°, and at 12150° the reaction is MnS4 3Fe 3 0 4 
=Mn049Fe04S0 2 . No compound, MnO.Fe 2 0 Js was observed They also 
studied the action of the sulphide on ferrous oxide, and o ii ferrosic Oxide vuie 
iron. J, H. Andrew and co-workers studied the system with manganese sulphide 
and manganese silicate and with ferrous silicate. In the former, there is a 
eutectic at 1250’ and 10 per cent. MnS; and in the- latter, one at 1055° and 
10 per cent. MnS. 

J. A Arfvedson reported manganous oxysulphide, MnO MnS, to lie formed by 
heating manganous sulphate in a current of hydrogen ; K. Stammer used carbon 
monoxide as the reducing agent. The pale green powder is stable in air when cold, 
but when heated it burns to mangauosic oxide ; it forms manganous sulphide when 
heated in hydrogen sulphide ; and it dissolves in acids, giving off hydrogen sulphide. 
J. Landauer said that when a manganese compound is fused with sodium thio- 
sulphate, a cake coloured pale green by manganous oxysulphide is formed. Accord- 
ing to V. M. Fischer, in the presence of a large excess of sodium hydroxide, the 
addition of sodium sulphide to a soln. of a manganous R<ilt gives not the rose- 
coloured sulphide, but a white precipitate of manganous hexahydroxysulphide, 
MnS.3Mn(0H)o, or HO.Mn.O.Mn.S Mn O.Mn.OH. J. H. Andrew and co-workers 
studied the system MnO— MnS and found it to have a simple eutectic at 1285° 
with 50 per cent. MnS. There were limited solubilities at both ends of the curves. 

P. Berthier obtained a pale brownish-red mass of sodium manganous hepta- 
SUlphide, 2Na 2 S.5MnS, by heating white hot a mixture of manganous sulphate 
and sodium sulphate (10 ; 5) in a carbon crucible. A. Voelcker prepared sodium 
manganous tetrasulphide, Na 2 S.3MnS, by melting a mixture of dry manganous 
sulphate, lamp-black, and sodium carbonate (5:1: 15), and, after cooling, washing 
out the sodium sulphide with alcohol, and the sodium sulphate by air-free water. 
The mass is exposed to air as little as possible during the washing operations ; and 
the pale red, acicular crystals are pressed between bibulous paper and dried in 
vacuo. The dry salt is Btable in dry air, but when moist it is very readily oxidized, 
with theilevclopmcnt of heat, and sometimes with inflammation. When heated 
on platinum foil it burns to sulphur dioxide, sodium sulphate, and manganic oxide. 
It is insoluble in water, alcohol, and ether ; it is freely soluble in dil. acids, with the 
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development of hydrogen sulphide ; and with sulphurous acid sulphur is separated 
and manganous thiosulphate is formed. A. Voelcker prepared potassium man- 
ganous tetrasulphide, K 2 S.3MnR, in dark red plates by the method which he em- 
ployed for the sodium salt. It behaves very like the sodium salt, being readily 
oxidized in moist air, and readily burning when heated. A mixture of the salt with 
potassium nitrate detonates vigorously. It is insoluble in water, alcohol, and ether ; 
it is gradually decomposed by water with dissolved air, forming soluble potassium 
sulphide, sulphate, and thiosulphate, and insoluble sulphur, and hydrated manganic 
oxide. It is easily dissolved by acids— even acetic acid — with the liberation of 
hydrogen sulphide. J. Meyer and II. Bratke prepared the same salt. J. Milbauer 
obtained flesh-coloured crystals of a complex salt by the action of potassium thio- 
cyanate on manganosic oxide at a bright red-heat. R. Schneider obtained potassium 
manganous trisulphide, K 2 S.2MtiS, by heating a mixture of manganous Bulphate, 
potassium carbonate, and sulphur (I : 6 : ti) along with crystals of manganous 
sulphide The crystals of the two salts can be separated by levigation It. Schneider 
fused at a red-heat a mixture of dry manganous sulphate, sodium carbonate, and 
sulphur (1 : ti : 0), washing the cold product with air-free water, pressing between 
folds of bibulous paper, and drying in vacuo over cone, sulphuric acid, and obtained 
flesh-coloured plates and needles of sodium manganous trisulphide, Na 2 S 2MnS. 
The moist product readily oxidizes ; and it is gradually decomposed by wafer. 
,1. Mdb.nicr obtained the complex salt, on one occasion, by tuning manganous oxide 
with potassium thiocyanate. According to W. Uuertlcr and K. L. Meissner, on 
melting a mixture of manganese and copper sulphides, the mass separates into two 
lavcra, the upper consisting of inangunesc sulphide or of a eutectic of manganese 
and cuprous sulphides and the lower of pure copper or of mixed crystals of copper 
and manganese, according to the proportions of both metals present. Manganese 
has, therefore, a greater affinity for sulphur than copper, and this affinity is not 
modified by the addition of iron. Thus, if iron is added to a mixture of molecular 
proportions of cuprous sulphide with l atomic proportion of manganese, the mass 
separates into three layers, an upper layer of manganese sulphide, a middle layer of 
a eutectic mixture of manganese sulphide and iron, and a lower layer of copper 
more or less mixed with iron. W. (Inert ler discussed the formation of copper 
manganese sulphide in the ternary system (lu-Mn-S. According to M. Houdard, 
aluminium manganous sulphide, ALS 3 .MnS, is produced when a mixture of 
aluminium turnings and manganese sulphide contained in a carbon boat plnm! in 
h porcelain tube is heated to dull redness for an hour in a current of hydrogen 
sulphide, and then the temp, is raised to a white-heat for half an hour. The product 
is attacked by cold water, with evolution of hydrogen sulphide and deposition of 
aluminium hydroxide, but the greater part, composed of browmish-ycllow crystals, 
is insoluble. The latter is powdered and (rented with acetic acid to remove 
aluminium sulphide. If the original mixture contains excess of manganous sulphide, 
the product consists of a pale golden -yellow' mass throughout which green crystals 
of manganese sulphide are disseminated. 

J. B, Hannay 2 reported a doubtful mineral which he called plumbomaiujanite . 
The analysis corresponded with 3MnS.Pl>8, or lead manganous tetrasulphide. The 
S P- gr. was 4*01. He also obtained other doubtful minerals called youvgite -after 
-J- Voung representing zme lead manganous sulphide , one corresponding with 
bZnK.PbS.MnH from the Harz ; another with 24Zn8.. r )PbS 5MnS ; and yet another 
with 10ZnS.3(Mn8 l FcS).2?bS J from Ballarat, Australia. The sp. gr. ranged from 
d'bl) to 4*56. 

A. Gautier and L. Jlullopeau 3 heated lhodonite, MnSiO a , in a current of tho 
tapnur of carbon disulphide at a white-heat, and obtained manganosic sulphide, 
or manganese tritatetrasulphide, Mn 3 S 4 , as an easily pulverized mass. Unlike 
manganous sulphide, it is easily hydrolyzed by water, with the evolution of hydrogen 
sulphide. 

W. Haidinger described a reddish-brown or brow'nish-black mineral from 
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Kalinka, Hungary. It was discovered by K. Adler in 1840, and W. Haidinger 
called it hauerite- after J. ami F. von Hauer. Analyses reported by W. Haidinger, 

E. Scacchi, A. Silvestri, M. Matzke, and H. de Senarmont agree with the formula 
for manganese disulphide, MnS 2 ; and from the analogy with iron pyrites, P. Groth 
called it manganese 'pyrites -Manga nines. The Hungarian deposit was also 
described by L. von Caeh ; Silician deposits were described by E. Scacchi, A. Silvestri, 
and F. dc Mcmme , and a New Zealand deposit by S. H. (’ox. H. de Scnarmonb 
obtained manganese disulphide as an amorphous, brick-Ted powder, by warming a 
floln. of manganese sulphate and potassium polysulphide in a scaled tube at 160 ’. 
C. Doelter heated a mixture of manganese dioxide and sulphur in a current of 
hydrogen sulphide, and obtained crystals of artificial haueiite mixed with those of 
alabandite. According to L. von Cseh, the hauerite of Kalinka has been formed by 
solfateric action in which the vapours of sulphuric acid, hydrogen sulphide, and 
steam have acted on the pyroxene trachytes of that district. The deposits in the 
Gulf Coast salt domes were studied by A. G. Wolf, and M. A. Hanna. 

Hauerite sometimes occurs in reddish-brown or brownish-black pyrituhedral, 
cubic crystals, commonly in octahedra, but sometimes in globular clusters. The 
octahedral crystals were described by E. Onoruto. The powdered mineral is 
brownish-red. The cubic cleavage is imperfect. W. H. and W. L. Bragg, 
1\ 1\ Ewald and W. Friedrich, and A. E. van Arkcl said that the X-radiograms of 
crystals of hauerite show that the structure is the same those of pyrites and of 
cobalt it c. R W. G. Wyckoff discussed the possible groupings of atoms of 
manganese and sulphur in the space-latl ice to form cubic crystals : a 6-1 11 x 10 
cm. E. J. Cuy gave 2-39 A. for the interatomic distance. F Niggli studied the 
electronic structure. The crystals were discussed by W. Haidinger, W. H. Millet. 
V. Goldschmidt and K. Schroder, A. G. Wolf, and E. Scacchi, A Silvestri, and 

F. de Meinme. W. Haidinger gave 3-463 for the specific gravity ; E. Scacchi, 
3-366 to 3-411; A. G. Wolf, 3-49; and A. Silvestri, 3 50 to 3-71. The hardness 
is about 4. II. Fizeau found the cncff. of thermal expansion to be a - 0-000011 1 L 
at 40 ; and dajdO (H) 7 889 per degree. G. Spczia observed that when hauerite 
is heated, it begins to lose sulphur at about 170 \ and is ultimately converted into 
manganous sulphide. J. July said that u sublimate is formed at 450’. T. W. Gase 
observed no cleavage in the electrical conductivity on exposing hauerite to light. 
R. 1). Harvey, and F. Betjerinck made some indecisive observations on the electrical 
conductivity of hauerite. 

According to A. Beutcll and M. Matzke, when hauerite is shaken with water and 
air, a Holn. of sodium » hi Inmate, nr a soln. of sodium acetate and acetic acid, it is 
oxidized, with the sejMration of free sulphur, but no sulphuric acid is formed, in 
this respect the mineral differs from pyrites, and it is therefore assumed that 
hauerite df»es not belong to the pyntic* family of minerals vide supra. M. Matzke 
also found that with hydrogen dioxide the whole of the sulphur separates as 
elemental sulphui. Gnlike pyritc and marcasite, hauerite colours red litmus paper 
blue. It reacts with hydrochloric add, liberating half the sulphur in the elemental 
form and half as hydrogen sulphide : MnS 2 [ 21101 =- MiiC 1 2 +II 2 S 1 S. Here again 
hauerite behaves differently from pyrite and marcasite. According to G. Spezia, 
hauerite forms an explosive mixture with potassium chlorate, but does not react 
w T ith it in the presence of water even at 100°. J. Striiver found that when crystals 
of hauerite are in contact with silver, there is slowly formed about that zone a dark 
him of silver sulphide : 4Ag \ MnS 2 -Mn } 2Ag 2 S ; if copper is in contact with the 
silver, the reaction is accelerated ; copper in contact with hauerite also forms 
copper sulphide, Marcasite, pyrite, magnetic pyrites, cobaltite, and iron arsenide 
also react similarly with copper and silver ; but not so with stibnite. The strongest 
reaction occurs with sulphur alone. Hauerite, pyrite, and marcasite do not give 
the reaction with the metals zinc, tin, lead, antimony, bismuth, iron, nickel, and 
platinum. E. Arbeiter, and A. Beutell investigated the reaction with silver. They 
found that the reaction takes place without contact up to a distance of 1 cm., for 
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sulphur is perceptibly volatile at ordinary temp. He concluded ( 1 ) that when 
haucritc is oxidized in air, free sulphur is formed — a similar result was obtained 
with arsenical pyrites, pyrite, marcasitc, glaucodote, and cobaltite ; (ii) that the 
action of hauentc on silver is caused by free sulphur ; (iii) that the free sulphur 
can be distilled from the mineral in vacuo at 56° to 60°, and it becomes inactive. 
The activity is regained after the mineral has been rc-exposed to air for 24 his. 
E. Quercigli agreed that the effect may in part be due to the vapour of sulphur 
produced by the decomposition of haucrite in air ; but the action may be produced 
when the mineral and the metal are pressed together under toluene, under con- 
ditions when it can be due neither to sulphur nor to hydrogen sulphide m the 
haucritc, nor to the removal of the sulphur from the mineral by toluene, lie 
agreed with J. Struver that the action is due to the passage of the combined sulphur 
of the haucritc directly to the silver or copper with which the mineral is in contact. 
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§ 22. Manganous Sulphate 

C. W. Scheelc 1 prepared manganous sulphate, MnS0 4 , and distinguished ib 
from all other waits. J. H. Pott, and C. F. G. JH. Westfeld previously obtained 
the salt and confused it with alum, so that alumina was regarded as a constituent 
of pyrolusite. J. C. Ilsemann, and J. (1. Schraeisser also confused manganous 
sulphate with magnewiurn sulphate, wo that magnesia was regarded as n constituent 
of pyrolusite In these cases, manganous sulphate was prepared from the soln. 
obtained by digesting pyrolusite with sulphuric acid. J. F. John 2 obtained a soln. 
of manganous sulphate by dissolving the metal in dil. sulphuric acid. It is also 
obtained by the action of hot sulphuric acid on manganese oxides, manganous 
carbonate, etc. Thus a woln. of the salt is obtained by boiling pyrolusite with dil. 
sulphuric acid to remove calcareous and magnesian impurities, heating the product 
with con c. sulphuric acid, evaporating to dryness, and gently igniting the resulting 
product to decompose the copper and iron sulphates. The undecomposed 
manganous sulphate is washed out with water. If any copper or iron salt is still 
present in soln., the former can be removed by hydrogen sulphide, and the latter 
by digesting the soln. with manganous carbonate. A. Gnrgcu, A. Barren wil, 
G, Kassner, and F. Muck used modifications of this process. J. Milbauer obtained 
the sulphate by heating a mixture of pyrolusite and ferrous sulphate at 700°. If 
the operation be conducted in an open furnace, serious losses of sulphur trioxide 
occur N. W. Fischer, and (\ Klauor heated a mixture of pyrolusite and ferrous 
sulphate— say 1 : 4- -and extracted the cold product with water to remove the 
manganous sulphate. C. Brunner heated a mixture of pyrolusite, sulphur, and 
wood-charcoal (10; 4 ; 1 ) for 2 hrw. ; treated the mass with dil. sulphuric acid ; 
extracted the soluble matter with water ; evaporated to dryness the filtrate witli 
a little nitric acid ; heated the product to dull redness ; extracted the mass witli 
water ; treated the filtrate with calcium carbonate in the cold ; and evaporated 
the filtrate- -calcium sulphate first separates out, and afterwards crystals of hydrated 
manganous sulphate. The pentahydrate usually crystallizes from aq. soln. at 
ordinary temp. For R. de Forcrand’s polymerides, vide infra. 

Observations on the solubility of manganous sulphate were made by R. Brandes, 
F. Jahu, (J. von Hauer, G. J. Mulder, C. E. Linebarger, etc. According to A. Etard, 
the solubility in water increases from 0 U to about 55°, and decreases from about 
' r >f>° to 145°. The- increasing solubility is that of the pentahydrate ; the dihydratn 
separates out at 35°, and is completely insoluble at 145°. If S denotes the per- 
centage amount of MnS0 4 in the soln., at 6°, between - 8° and 57°, 
i s “30 0 + 0-2828d ; and between 57° and 150°, 8*- 48-CMM5850. F. Riidorff gave 
for the percentage solubility at —3-35°, S= 19-4, and at —7-50°, S— 27*9. C. E. Line- 
barger gave results in great detail, but other observers have shown that something 
js wrong with them. F. U. Cottrell found the eutectic temperature is nearly 10*5° 
for o=32*2, when the solid phases are ice and the heptahydrate. He found that 
vot. xii. 2u 
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the four hydrates — mono-, tetra-, penta-, and heptahydrates — can exist in aq. 
soln. ; and that the solubility of manganous sulphate at different temp, h as 
follows : 

-10“ 0“ 9“ 15“ 20° 27° 30° BO 1 70“ 100° 

8 . 32 4 34-7 87-2 37-9 38 6 39 8 39 4 37-3 34 2 24-9 

Solid phase 7H 2 0 CH s O H a O 

These results are plotted in Fig. 82. F Flottmann found the solubility of the 
pentahydrate at 15°, 20°, and 25° to be respectively 3-703, 3-800 and 3-927 mols 

per litre, or 37-85, 38-59, and 39-554 per cent. 
A. Etard added that at 140°, S— 9-5, and at ISO 1 ' 
and 200°, S is nearly zero. According to F. G. Cot- 
trell, there is also the unstable or labile mono*- 
hydrate with a percentage solubility of 40-3 at 20°. 
There is also the unstable or labile totrahydratc 
v> ith a percentage solubility of 38-8 at the transition 
temp , 14°, between the liepta- and tetrahydrate ; 
and 40-80 at 40°. T. W. Richards and F. R. Frapne 
gave 39-89 and 40-56 for the solubilities of the 
unstable tetrahydrate respectively at 30-15° and 
35-00°. For R. M. Caven and W. Johnston’s ob- 
servations, vide infra , sodium manganese sulphate. 

When hydrated manganous sulphate is heated 
to redness it forms the anhydrous salt; T. E. Thorpe 
and J. I. Watts found that the anhydrous salt is 
formed when the hydrate is heated to 280° 
J. H Krepelka and B. Rejha found that the salt 
is anhydrous at 450 ; and J. G F Druce obtained 
the anhydrous salt by heating the hydrate in nitro- 
benzene boiling at 207° ; but not m xylene boiling 
at 140°. Analyses in agreement with MnS0 4 were reported by R. Brandes, E. Turner, 

G. Forchhammer, and C. von Hauer. C. E. Lincbarger said that the anhydrous 
salt is the solid phase in the presence of an aq. soln. of the salt above 117° ; but 
there is something wrong, because A. Etard observed that at 180° the solubility 
of the salt is almost zero, and that the solid phase is a pale pink, porcelain-like 
mass of the monohydrate, MnS0 4 .H 2 0. For It de Forcrand’s polymerides, vtd( 
infra . J. H Krepelka and B R6jha fourtd that the monohydrate is stable up to 
nearly 200°. J. G. F. Druce obtained the monohydrate by heating the salt with 
toluene boiling at 110°. O. B. Kuhn obtained a reddish-yellow, pulverulent deposit 
of the monohydrate by rapidly boiling an acidic soln . of manganous Bulphatc, and 
T. Graham, by similarly treating a neutral soln , or by drying the pentahydrate 
at 194° to 210° ; E. S Larsen and M. L. Glenn, by evaporating a soln. of the sulphate 
on a ateam-bath ; O. Pettersson, by drying the pentahydrate at 150°, and 
T. E. Thorpe and J. I. Watts, by drying it at 100° — vide Fig. 82. Analyses were 
reported by T. Graham, O. B. Kuhn, and H. Lescoeur. According to J. von 
Schrockinger, reddish-white or rose-red, amorphous, stalactitic masses of the mono- 
hydrate occur as a mineral in Fclsobanya, Hungary. He called the mineral 
azmikite — after B. Szmik. The dihydrate , MnS0 4 .2H 2 0, does not appear as a solid 
phase on the solubility curve, Fig. 82. The results of W. Muller-Erzbach, and 

H. Bolte (Fig. 82) agreed with the existence of a dihydrate ; brt W. Schieber said 
that it is not a chemical individual. R. Brandes said that he obtained it by melt- 
ing the heptahydrate, or by boiling the hydrated salt with alcohol. T. E. Thorpe 
and J. I. Watts, J. Thomsen, and T. Graham used similar processes. For R. de 
Forcrand’s polymerides, vide mfra . R. Brandes reported the trihydrate , MnS0 4 . 
3H 2 0, to be deposited from a warm aq. soln, ; also by evaporating a soln. of 
the tetrahydrate in vacuo over sulphuric acid ; and by exposing the anhydrous 
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salt in air. The trihydrate was also described by T. Graham, J. Thomsen, and 
T. E. Thorpe and J. I. WattB, but it does not appear as a solid phase on the solu- 
bility curve, Fig. 82, and W. Schieber denied its existence ; R. de Forcrand was 
unable to prove its existence. According to II. V. Regnault, the tetr&hydrate, 
MnS0 A .4H 2 0, is formed by crystallization from an aq. soln. of manganous sulphate 
at a gentle heatr- between 20° and 30° ; or, according to J. C. G. de Marignac, 
between 30° and 40°. E. S. Larsen and M. L. Glenn said that the tetrahydrate 
is obtained by evaporating a soln. of the sulphate at 45° under reduced press. The 
tetrahydrate of the earlier observers — H. Kopp, G. T. Gerlach, G. J. Mulder, 
R Brandes. J. F. John, E. Mitacherlich, and J. Thomsen — was possibly the over- 
diied pentahydrate, because the observations of T. W. Richards and F. R. Frapric, 
and F. G. Cottrell show that it is an unstable hydrate (Fig. 82), and that the tran- 
sition temp, of Mn80 4 .7H 2 0^MnS0 4 .4H 2 04-3H 2 0 is nearly 14°. R. de Forcrand 
also prepared this salt. H. V. Regnault observed that the pentahydrate, 
MnSO|.r>H 3 0, or manganese vitriol , is formed by evaporating an aq. soln. between 
7 f ' and 20 ; and J. C. G. dc Marignac, by evaporating it between 15° and 20°. 
A. ( arnot obtained it by crystallizing the aq. soln. at 15\ E. S. Larsen and 
M. L, Glenn obtained Ihc pentahydrate by evaporating a soln. of the sulphate at 
under reduced press. They call the triclinic minerals of the general formula 
lLS() 4 Mr 2 0 chahanthites , and describe zinc-copper-ehalcantbitc, iron-copper- 
c lulcamhite, rubalt-ohalcunthilo, and manganese-chalcanthite. The artificial 
( i y. stabs are biaxial, and the indices of refraction are a— 1-495, /?— 1*508, and 
y l\ r >14. The optical axial angle 2V is large; the optical character negative; 
and the dispersion is slight. R. Brands made the pentahydrate by allowing the 
hepiahydrate to stand in contact with cold alcohol; and E. Classen, R. dc For- 
ciund, E. Milscherlich, and H. V. Regnault, by adding alcohol to a sat. aq. soln. 
of manganous sulphate and allowing the sympy liquid to crystallize. The salt 
was idso prepared by (). Pe^tersson, J. Thomsen, T. Graham, etc. The range of 
its stability in the presence of its aq. soln. is illustrated by Fig. 82 ; and the transi- 
tion temp, of MnS0 4 .7H 2 0— MniS0 4 .5II 2 0+2H 2 0 is nearly 9° ; and the transition 
temp, of MnS() 4 .5H 2 0^MnS0 4 .H 2 0-f 4H 2 0 is nearly 27°. 0. E. Linebarger said 
that the pentahydrate can exist over the range of temp. 8° to 18°, and that a kexa- 
hydratt\ MmS0 4 61I 2 0, can exist over a temp, range of — 5 U to 8° ; but this has not 
been verified, and W. Schieber denied its existence, and R. de Forcrand was unable 


to make it, although isomorplious mixtures with hexaliydrated zinc sulphate are 
known (Fig. 82). R. Brandes, and H. V. Regnault obtained the heptahydrate, 
AInS0 4 .7IL0, by crystallization from the aq. soln. between -4° and 6°. A. (’arnot 
obtained it in rhombic crystals from the aq. soln. at 6 U . (J. E. Linebarger said 

lhat it can exist over the temp, range of — 10"* to -5°. The transition temp, 
between it and the pentahydrate was found by F. G. Cottrell to be 9 1 ’ ; and between 
it and the tetrahydrate, 21"— vide Fig. 82. R. Brandes observed that the hepta- 
liy clratc loses 4*9 per cent, of water between 9 ' and IT* ; and 18'6 per cent, between 
12-5° and 15°. It gives up 2 mols. of water to absolute alcohol ; 3 mols. to alcohol 
of sp. gr. 0-903 ; 4 mols. to boiling absolute alcohol ; G mols, to boiling bo per cent, 
alcohol ; and none to cold ether. A. Carnot described a native hepta hydrate, 
which he calted mallardite — after E. Mallard. It was found in a silver miue near 
Butterfield Canon, Utah. The colourless, monoclinic crystals occur in crystalline 
masses with a fibrous structure. The hepiahydrate thus appears to be dimorphous. 
E. S. Larsen and M. L. Glenn call the monoclinic minerals with the general formula 
RS0 4 .7H 2 0, mdanterites — e.g . in a zinc-copper-melanterite the ratio Zn : Cu is 
between 1 : 1 and 1 : 3 and in copper-zine-mclanterite between 3 : 1 and I : J. 
E, N. Capon and I. 8. ilaskcs discussed hydrates of the type [Mn,8U 2 OJ", and 
A. Predvoditelefi and W. Blinofi, the hydrates MnS0 4 with [, 1, and 4H 2 0, revealed 
by their photo-electric effects. 

■ Emmies described anhydrous manganous sulphate as a white, friable mass 
with a bitter, metallic taste ; and O. B. Kuhn, the monobydrate as a pale reddish- 
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yellow powder. H. de Sinarmont, and J. C. G. de Marignac said that the tefcra- 
hydrate forms pale red, monoclinic plates with the axial ratios a :b : c 
—0-8643 : 1 : 0-5871, and j8=90° 53'. W. Schieber said that rhombio prisms are 
formed between 25° and 30°. A. Carnot, and J. C. G. de Marignac said that the 
pentahydrate forms trielinic plates, which, according to the latter, have the axial 
ratios a:b:c= 0-5449 : 1 : 0-5268, and a=113° 5', j8-=I09° 44', and y=94° O'. 
The (OOl)-cleavage is incomplete, and, according to E. Mitscherlich, the crystals 
are isomorphous with pentahydratcd cupric sulphate. S. Meyer reported that 
when crystallized in a magnetic field, the pentahydrate is formed in rhombic plates 
with the long diagonal parallel to the N : S-poles. If so, the pentahydrate is 
dimorphous. E. S. Larsen and M. L. Glenn found that the crystals of the penta- 
hydrate arc triclinic, with the optical character negative ; the optical axial angle 
2V is rather large. The trihydrate is probably monoclinic ; the optical character 
is negative ; and the optic axial angle 2V is moderately large. The monohydrate 
is probably monoclinic ; the optical character is positive ; and the optical axial 
angle 2F is near 90°- - szmikite is probably monoclinic. A. Tarnot observed that 
the heptahydrate forms pale red, monoclinic plates ; and H. V. Regnuult added 
that the form of the crystals resembles that of hydrated ferrous sulphate. For iso- 
morphous mixtures of the hydrated manganous sulphates with those of hydrated 
copper, beryllium, magnesium, and zinc, vide infra , in connection with the com- 
plex salts. J. W. Retgcrs, and C. F. Kammelsberg discussed isomorphous mixtures 
with ferrous sulphate (q.v.) ; and E. Dittler, overgrowths with nickel and cobalt 
sulphates. 

H. G. F. Schroder gave 2-954 to 2-975 for the specific gravity of anhydrous 
manganous sulphate ; L. Playfair, 3-386 ; C H. D. Bodeker, 3-1 at 14° ; 0. Pape, 
3-192 at 16°; O. Pettersson, 3-235 to 3-260 at 14-0° to 14-6°; (\ Lcpierre, 314 
at 12° : and T. E. Thorpe and J. 1. Watts, 3-282 at 15°. For the Hp. gr. of the 
inonohydrate, 0. Pettersson gave 2-870 to 2-905 at 14-2° to 15-4°; L. Playfair, 
3-210; and T. E. Thorpe and J. I. Watts gave 2*845 at 15°; while J. von 
Schrockinger gave 3*15 for the sp. gr. of szmikite. For tlu- sp gr of the dihydrate, 
T. E. Thorpe and J, I. Watts gave 2-526 at 15° ; and for the trihydrate, 2-356 
at 15°. H. Topsoe gave 2*261 for the sp. gr. of the tetrahydrate ; G. T. Gcrlach, 
2-107 at 4° ; H. Kopp, 2*092 ; and T. E. Thorpe and J. I. Watts, 2-103 at 15°. Foi 
the sp. gr. of the pentahydrate, L. Gmelm gave 1*834 ; H. Kopp, 2-087 to 2*095 , 
(J. Pape, 2-059 at 16° ; 0. Pettersson, 2-099 to 2-107 at 15-2° to 17-6° ; T. K. Thorpe 
and J. 1. Watts, 2-103 at 15° ; and J. L. Andreae, 2-1006 at 14-5 y . Observations 
on the sp. gr. of aq. soln. of manganous sulphate were made by F. Fouque, 0. Schon- 
rock, W. Manchot and co-workers, F. Flottmann, V. A. Valsou, and F. A. Favre 
and C. A. Valson. G. T. Gcrlach gave for the sp gr. of soln. at J5°/15° : 

MnS0 4 5 10 Iff 20 25 30 35 40 45 jwr cent. 

Sp.gr 1-0340 1 0690 11056 1 1435 J 1835 1 2255 1-2695 1-3136 1-3640 

0. M. Pasea : 

Mn&Oj 0-116 0-200 0 288 0-420 0 573 0 708 0 836 1-061 per rent. 

Sp. gr. 0-99982 1-00065 1 00151 1-00278 1-00431 1-00560 1-00685 1-0091 

F. Flottmann found the sp. gr. of soln. sat. at 15°, 20°, and 25° to be respectively 
1-4772, 1-486C, and 1-4993 ; and J. Wagner gave (or 7V-, 0-57V-, 0 0-125JV-, 
and 0-0625N-soln. the respective values 1-0728, 1*0365, 1-0179, 1*0087, and 1-0041 
at 2574°. B. Cabrera and co-workcrs found that soln. with C grins, of 
the anhydrous salt per 1000 grins, of solvent, at 0°, had, for C-- 384*2, 
J>~1-4547{1- 0*00026(0—20)} ; for C=277*0, D- 1-3274(1—0-0032(0—20)} ; and 
for C-2017, Z>“1-2288{1 0-00030(0 -20)}. J. N. Rakshit calculated for the 
sp. gr., the molecular volume, and the mol. contraction of mangAnous sulphate, 
MnS0 4 .nH 2 0 : 
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Observations were made by W. Biltz. E. Moles and M. Crespi discussed the mol. 
vol. of the water of hydration. A. N. Campbell calculated the modulus for man- 
ganese) and the electrostriction as indicated in connection with manganous chloride 
(q.v.) t from the sp. gr. of the aq. soln. : 

Kq. per litre . 0-5, 0 3 0*2 0-1 0*05 0 02 0 01 

•Sp gr. 15715“ . 103654 1-02217 1-01403 1*00733 1 00360 1 00142 1 0071 

Wi M „xlO“* . 365 365 374 304-5 342 345 320 

K lee trost fiction 46*5 48-1 40*6 46 0 46 7 42 3 42 0 


]. Traubc calculated for the molecular solution volume, v : 


MnSO, .5 10 15 20 25 30 pci mil. 

v .7-2 0 4 118 14 1 16 3 18-4 

(\ A. Valson found that the capillary rise of a normal soln. in a tube of 0*5 mm. 
diameter at 15 u is 57*3 mm. ; L. 0. dc Coppct, and F. Dreycr also discussed the 
capillarity of the soln. ; and G. Tamm an n, the internal pressure. W. H. What- 
mough measured the surface tension at 18 u ; and at 15° the surface tension, 
u dynes per cm , and specific cohesion, a 2 eq. mm , are : 

MiiN<) 4 . 0 4 77 0-10 13 06 16 68 per rent. 

n . . 73-26 73-86 74-72 75-28 75-82 

a a . 14 96 14 38 13*93 13 49 13 10 


Tl. Sentis gave a- 73*71 and 74*62, and a 2 - 15*07 and 14*23 respectively for solu. 
withO and 7*81 j)er cent. MnSO* at 15*5°. J. Wagner gave for the viscosity, rj 
(water unity), at 25° : 

MnHO( . O 0*0625A T - 0-13AJV- 0-25A f - 0*5A’- N - 

0 . . 7-G57 7 583 7-608 7-658 7-770 7 845 

rj . . 1 0000 1 0138 1*0306 1 0761 1 1690 1-3640 

W. II. Whatmough represented his results for the surface tension by ex-- 7*557 
[ 0*163 N, where N denotes the normality of the soln. J . (\ Graham, and J. C. G. do 
Marignac measured the rate of diffusion of aq. soln. of manganous sulphate. 

C. Pape gave 0-182 for the specific heat of anhydrous manganous sulphate ; 
and 0*338 for the pentahydrate ; while If. Kopp gave 0-323 for the pontahydrato 
between 17° and 46°. J. (J. G. de Marignac gave for the sp. ht. of aq. soln. with 
MnS0 4 .nH 2 0, 0-9529, 0-9125, and 0*8440 respectively for n --200, 100, and 50, 
between 19° and 51°. S. Pagliani found the molecular heat to be 81 f-18(w— 5). 
N. de KolosHowsky discussed the subject. 11. Brandes observed that the melting- 
point of the heptahydrate is near 19°, and the fusion of the salt is attended by the 
separation of the dihydrate ; between 9° and 11° the heptahydrate loses about 
4 per cent, of water, and 18-6 per cent, between 12-5° and 15°. H. Bolte, and 
P Hollmann made observations on this subject- vide infra . W. A. Tildcn gave 
54*' for the m.p. of the pentahydrate. T. Graham observed that if the pentahydrate 
is dried in air at 115°, the eq. of 3-91 mols. of water are given off, and at ordinary 
temp., in vacuo, over sulphuric acid, 3*25 mols. J. 0. G. de Marignac found that 
the tetrahj'drate slowly effloresces in air ; It. Brandes, that it decrepitates when 
heated, forming a white powder without melting, and in vacuo, over sulphuric 
acid, it loses a mol. of water ; and G. J. Mulder, that at ordinary temp, it loses 
26*8 per cent, of water in dry air in 45 days ; at 52°, 29-3 per cent. ; at 99°, 29-9 
per cent. ; at 196°, 31-1 per cent. ; and at 241°, 32*2 per cent. A. I5tard found 
the monohydrate to be stable between 57° and 117 J . K. N. Gapon studied some 
relationships of the m.p. K. Friedrich gave 700° for tho m.p. of the anhydrous 
sulphate ; and there is a transformation point on the heating curve at 860°. Accord- 
ing to J. L. Gay-Lussac, the anhydrous sulphate cau be heated to dull redness 
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without decomposition, hut at a higher temp, it can be decomposed to form man- 
ganosic oxide. According to K. Friedrich, the decomposition of manganous sul- 
phate commences at 1030° , G, Marchal said that decomposition can be detected 
at 720° ; and that at 1028° the equilibrium press, is atmospheric. C. W. Davis 
found that at 950° manganese sulphate is completely decomposed to oxides in half 
an hour. The subject was studied by E. Alberts, and K. Yamamoto and K. Bito. 

W. Muller-Erzbach found that 3 mols of water in the pentahydrate are easily 
expelled, the fourth mol passes off at 105°, and the last mol. is retained 
very tenaciously. K. Hollmann observed the vapour pressure, p mm , of the 
pentahydrate to be p- 13*4 mm. at 21' H Lcscoeur found the vap. press, of a 
sat. soln. to be 11*3 mm at 20°, and 162 mm at 60° ; while the solid salt at 60° 
has a vap. press of 150 to 159 mm. The vap press, of MuS0 4 .jiH 2 0, at 20°, was 
found to be 11 5, 11*2, and 10*8 mm. for n 4 55, 1*9, and 1*15 respectively , 3-9 
and 3*0 mm for n--l*05 and 1*00 ; and at 60°, for ir 1*28 mm. The salt which 
had been heated to 160° had no marked vap press The results at 20° do not 
agree with those of H. Bolte, w T ho obtained a continuous ( nrve which corresponded 
with the following selected values : 

q° 10" 12° IV 10 J 18“ 20" 

p . G63 CIS 7 41 8 74 10 10 11 S3 12 94 


\5mm Y/f/S*) 1 T T V. . 

*9 /0 mm Q4 


aJ-S 434-S. 


5? 

JjL 


asd 

* 


lie also obtained the results shown in Fig. 83 at 14-75°, and at 20*01° fui tin* 
dihydrate because of the smallness of its vap pre^s at the lower temp. The iap 

press of the heptahydrate is 10*5 mm at 
14-75 J , and if the hcxabvdratc exists, its vap 
press, must be the same, wdicu the hop! a 
hydrate has lost 2 mols of water, its vap. press 
falls to 9*20 mm at 14*75°, and there is no 
change as the composition of the hydrate passes 
from the pentahydrate to the tnhydratc. The 
vap. press, falls to a very small value as the 
composition approximates to that of the di 
hydrate at 20-01° the vap. pres?, of the di- 
hydrate is 3-4H inin There is no change with 
the monohydrato, but the last half mol of water is retained very tenaciously 
because its vap. press, is too small for measurement C D. Carpenter and 
E. R. Jette found the vap. j ress , p mm of mercury, of the monohydra tc to be : 
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Fig. 83 Dehydration Curve of 
Hydrated Manganous Sulphate. 
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L. Hackspill and A P Kieffci studied the dehydration of the salt by heat , and 
K. Flick, and H. If. Willard ami R D Fowler discussed the separation of 
manganese sulphate from some other sulphates by the fractional dissociation of 
the sulphates when heated J. G. F. Druce discussed the creeping of the salt 
when its aq soln. is evaporated. 

G. Tammann found the lowering of the vapour pressure of water by soln. of 
0*5, 1, and 2 mols. of manganese sulphate per hire to be respectively 6*0, 10*5, and 
21 mm. respectively. The subject was studied by 0 Dictcrici, and N. Tarugi 
and G. Bomhardmi (j. T. Gerlach gave for the boiling-point of aq. soln. with 
17*1, 32*1, 46*2, 58*9, and 68*4 (sat ) grms of salt per 100 grms. of water respec 
tively 100*5°, 101°, 101-5°, 102°, and 102*4°. L. Kahlenberg found tlie raising 
Of the boiling-point of water by soln. of 0*246, 0*472, 0*957, and 1*602 mols of salt 
per 1000 grms. of water to be respectively 0*114 r , 0*193 J , 0*373°, and 0*678 J . The 
values with over 0*25Af-soln. show that at about 100° there is an inclination to 
form complexes whose effects are greater than those produced by ionization. For 
the lowering of the freezing-point of water L. Kahlenberg gave —0*293°, — 0*687 u , 
—1*399°, and —2*591 for soln. with 0*1285, 0*3389, 0*7176, and 1*229 mols per 
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1000 grmfl. of water respectively ; while H. C. Jones and F. H. Getman obtained 
for soln. with 0*08, 0-25, 0*41, 0*98, and 1*64 mols of salt per litre the respective 
values -0*194°, -0*510°, -0*792°, -1-898°, and -3*668°. These results are 
taken to show that the ionization in diL soln. is small, and in the case of the 
008Af-soln., it amounts to about 30 per cent. The fact that the calculated 
mol. depression reaches a minimum with 0*98Af-soln. and then increases is 
supposed to indicate a hydration of the ions or of the molecules in soln. 
Observations were made by N. Tarugi and G. Bombardini. E. N. Gapon studied 
the relation between the b.p. and the sp. gr. 

For the heat ol formation J. Thomsen gave (Mn,0 2 ,S0 2 ) - J 78*79 Cals. ; M. Bcr- 
thelot gave (Mn,S,20 2 ,Aq.)— 263-2 Cals., and .1 Thomsen, 263*7 Cals. J. Thomsen 
also gave (Mn,0,H 2 S0 4 ,Aq.)--121*2r> Cals.; (Mn,H 2 S0 4(iq ) =52*9 Cals. For the 
heat of solution of MnS0 4 with 1*050H 2 0, 7*726 Cals.; and l*960H 2 O, 6-305 
Cals. ; with 2*998H 2 0, 4*156 Cals. ; with 3-912H 2 0, 2*454 Cals. ; with 5H 2 0, 
0*040 Cals. ; and for MnR0 4 , 13*79 Cals. ]\ A. Favre and C. A. Valson made 
observations on the heat of soln. of the pentnhydrate. W. P. Jorissen calculated 
for the heat of hydration MnS0 4 f »II 2 0, for n 1, 2, 3, /o 

4, and 5 the respective values 5-98, 1*57, 2*09, 1-91, and h 

2-20 Cals. For the heat of dilution of MnS0 4 ,20H 2 0 to ts ' 6 ^ 

MnS0 4 ,nIl 2 0, J. Thomsen gave for n 50, 100, and 2(K) /o 

respectively 0*532, 0-714, and 0*792 Cals. The heat Of ^ & 

neutralization is {Mn(OH) 2 ,H 2 SG 4 ,Aq} -26*49 Cals. ; and | s 

M. Berthelot gave 27*0 Cals. G. Beck discussed the energy <2 * 
of formation. / 

R. de Forcrand prepared what he regarded as two 0 

series of dihydrates, two series of monohydrates, and two ‘ 

series of anhydrous salts. Starting with the hepialiydrate, 
the cold series was made by allowing it to dehydrate by Mol\ HJ 

efflorescence, and for the final stages, drying in vacuo Fig. 84.- The Heats of 
over phosphoric oxide. In the hoi series a cold, sat. soln. Solution of the Hy- 
of the tetrahydrate was heated to 98°, and evaporated by SuMifttcs MttriK<lI10lw 
a current of air playing on the surface of the liquid. ‘ 11 1 <H ’ 

The results are tabulated for the heat of soln , Q , of MnS() 4 .wH 2 0 prepared cold, 
and also hot — J. Thomsen’s values are. added for comparison : 

n 0 0*5 1-0 1*5 2 3 4 5 7 

[Cold J 0-620 10 300 13 740 9-309 5 570 3*853 - 0*040 - 3 251 

<1 Hot 13 670 — 7-035 0-670 5 008 — — — — 

(J.T. 13-515 7-010 — 0 033 3 902 2 101 - 0089 — 

The heats of soln. for the hot series of salts agree with J. Thomsen’s values, but 
for the cold series there is a marked difference from J. Thomsen’s values, and the 
difference increases as the dehydration proceeds (Fig. 84). R. de Forcrand assumed i 
that the anhydrous salt and hydrates of the hot scries are polymerides of the 
corresponding salts prepared in the cold. 

E. S. Larsen and M. L. Glenn found the indices of refraction for the pentahydrate 
to be a— 1-495, j8=l*508, and y-~l*514 ; the tetrahydrate, a— 1*509, 1*518, 

andy-^1-522; and the monohydrate, a -1-562, /?— 1-595, and y -1-632. The 
crystals of szmikite have a— 1-57, and /3 -1-62. According to A. N. Campbell, 
H. 0. Jones and F. H. Getman’s values for the indices of refraction are affected 
by a constant error, and he gave : 


Eq. per litre 0*5 

0 3 

0*2 

0-1 

0*05 

002 

001 

Pa - 

1 '33770 

1*33535 

1-33377 

1-33263 

1-33171 

1-33131 

1-33123 

Pf . 

1' 34378 

134141 

1-33902 

1-33800 

1 33770 

1-33731 

1-33723 


The calculated values for the solid are p, r =l- 54 and 1*56. TI. C. Jones and 
F. H. Getman found the indices of refraction, fi, for soln. of 0*08, 0-25, 0-41, 0-98, 
and 1*64 mols of MnS0 4 per litre to be respectively 1*32750, 1*33150, 1*33575, 
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1-34930, and 1*36357. F. Flottmann found the index of refraction for the ZMino 
of soln. eat. at 15°, 20°, and 25°, the respective values 1-41 120, 1-41235, and 1*41453. 
N. Embirikos, and P. Krishnamurti studied the Raman effect. A. Prcdvoditeleff 
and W. Blinoff found the photoelectric activities of the hydrates 4MnS0 4 .H 2 0, 
and 2MnS0 4 .H 2 0 to be respectively 4*25 and 1*8 times larger than the photo- 
electric activity of the anhydrous salt. R. Robl observed no fluorescence 
in ultra-violet light. H. Jahn, G. Quincke, R. Wachsmuth, and 0. Schonrock made 
observations on the electromagnetic rotation in aq. soln.. and found for a normal 
soln., 1-14, with water unity ; R. Wachsmuth found that for a soln. with 17*136 
grins, of MnS0 4 in 100 c.c. of soln., the electromagnetic rotation is 1*02904 (water 
unity), the sp. rotation 0*2317, and the mol. rotation 1*9433 ; and 0. Schonrock, 
that for soln. with 30*839 to 41*996 grins, of MnS0 4 per 100 c.c. of soln., the sp. 
rotation is 0*3075, and the mol. rotation 2*579. L. R. Ingersoll gave for Verdct’s 
constant for light of wave-lengths 0*6, 0*8, 1*0, and 1*25^ respectively 0*0178, 
0*0101, 0*0066, and 0*0043 for soln. of manganous sulphate of sp. gr. 1*369. 
F. Allison and E. J. Murphy studied the magnet o-optie properties ; A E. Lindh, 
D. Coster, and O. Stelling, the X-ray spectrum ; and B. K. Mukerji and N. R. Dhar, 
the photosensitization of aq. soln 

E. Klein measured the electrical conductivity. A, of aq moIii v\ it h an cq. of the 
Balt in v litres at 18°, and found : 

v . 0-689 1-476 2034 3-231 4 257 5 213 6*636 

A . 27 -fl 2134 18-20 13-40 0 98 7 20 4-62 

Observations were also made by H. (’. Jones and F. H. Getman ; while L. G. Win- 
ston and H. C. Jones obtained for the conductivity, p, of soln. with a mol of the 
salt m v litres from 0" to 35°, to which arc added results by H H. Hnrsford and 
H. C. Jones for temp, from 50° to 65° : 


. 

4 

8 

32 

128 

512 

1021 

2048 

4096 

0° . 

37-25 

44-11 

59 05 

79-46 

97-90 

107 12 

110*15 

124 47 

25° . 

67-17 

79-77 

109-27 

147 24 

1 84-58 

202-94 

221-33 

238-20 

35° . 

79-11 

94-00 

129 72 

176 10 

222-69 

245-72 

268-33 

289 39 

60° . 

88-0 

112-8 

1564 

204-1 

277 5 

- 

326-7 

- 

65° . 

108-3 

130-0 

181-8 

241 9 

336 7 

— 

404 6 

- 

0° . 

29-9 

35-4 

47-9 

63-8 

78-7 

86-1 

93 3 

100 0 

23° . 

28-2 

33-5 

45-9 

61 8 

77-5 

85-2 

92-9 

100-0 

36° . 

27 3 

32*5 

44-8 

60 8 

76-9 

84 9 

92 7 

100-0 


The results for low concentrations above 35 ' indicate that hydrolysis probably 
occurs. R. Braudes said that the aq. soln. reddens blue litmus very faintly. 
W. N. Hartley showed that the absorption sfKTtrum of dil. soln. agrees with the 
assumption that hydrolysis and oxidation produce colloidal MnO(OH)« M C’hanoz 
calculated that a 0*5JV-soln. is hydrolyzed to the extent of 0*02 per cent. The 
percentage degrees o! ionization, a, calculated by L. G. Winston and II C. Jones 
are indicated above. N. Tarugi and G. Bombardini studied this subject. 
W. Manchot and co-workers estimated the solvation of the salt in aq. sola and 
found that a mol. of the salt is loaded respectively with 22*6 and 17*6 mols. of water 
in soln. containing 14*797, and 29*594 grins, in 100 e.c. of soln. J. B. O’Sullivan 
measured the H'-ion eonc. of aq. soln. H. Rieckhoff and II. Zahn discussed the 
high-frequency conductivity of aq. soln. ; and T. D&hlblom, the relation between 
the conductivity and the vap. press, of the soln. 0. F. Tower observed that the 
electrode potential of a manganese dioxide electrode in soln. of manganous sulphate 
of cone. Cjin> with sulphuric acid having a H‘-ion cone, of Ch, can be represented 
by tt=“- 0*0286 log (GmuOh' 4 /Gmu'(Jh 4 )» where C jn n ' and C jp refer to concentra- 
tions in another soln. K. F. Ochs measured the potential of platinum and a soln. 
of manganous sulphate and sulphurous acid. W. Haehncl found that the curve 
for decomposition voltage of soln. of manganous sulphate has three singular {mints 
as illustrated in Fig. 86 for soln. with [H ]— 0*1588, and [Mu**] -0*1325. M. Ber- 
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thelot observed that in the dedhdflifl of dil. soln. of the salt hydrogen appears 
at the cathode and manganese dioxide at the anode ; but with intense currents 
oxygen appears at the anode and manganese at the cathode. K. Elbs, and E. Frei 
observed that with a low acid cone., manganese dioxide is formed ; with a larger 
acid cone., the soln. acquires a red colour ; and with a still larger acid cone., man- 
ganese dioxide is no longer deposited, and all the manganese remains in soln., form- 
ing a dark red liquid. The amounts of sulphuric acid— in grins. j>cr J00 c.c.- - 
which prevent the separation of manganese dioxide for soln. containing M mols 
of MnHOj per litre, are as follow : 


m 

1I,H0 4 


0-01 

002 

010 

(I'lfi 

0-20 

0 50 

100 

3-5 

10-5 

400 

40-fi 

395 

340 

290 

27 0 

370 

590 

5MI 

5B*5 

540 

450 

440 

54-0 

70 5 

58 3 

OH 5 

58-0 

- 


A low temp, is favourable for the formation of permanganate ; and a high arid 
cone, favours the formation of manganic sulphate. With lead anodes manganic 
acid is formed only with very dil. sole, of manganous sulphate, and with cone, 
soln. a brown precipitate of manganic sulphate is formed. With strongly acidic 
soln. of manganous sulphate sumo sulphate of quadrivalent manganese is formed — 



hr cent Mn, (S0 4 ), /tv cent Mn(S0 4 ) f 


Fio. H5.~ Potentials of Solution* of 
Manganous and Manganic Sul- 
phates. 



Kjo. **(>.- Decomposition Voltage 
of Solutions of Manganous Sul- 
phate. 


vide supui, permanganate. W. J. Muller observed no oxidation when zinc anodes 
are used, but with passive iron manganese dioxide is formed with a current density 
of 0-01 amp. per sq. cm. The electrolytic oxidation of manganous sulphate was 
studied by K. Week bach. A. Schumriek measured the potential, of 

MnS0 4 -Mn 2 (S0 4 ) 3 and Mii 2 (S0 4 ) a Mn(80 4 ) 2 soln. using smooth platinum elec- 
trodes and Mn0 2 electrodes, since platinized platinum electrodes decompose the 
‘'idphates of ter- and quadrivalent manganese. A selection from the results is 
illustrated by Fig. 85 with soln. in 8M-H 2 S0 4 . J. Beck also studied the electro- 
lytic oxidation of soln. of manganous sulphate. G. Grube and K. Hubcricli 
found the oxidation potentials of a soln. of 0-05 gram-atom of manganese in a litre 
of 15AMT 2 80 4 at 12° are Mn 1-511 volts; Mil” -»Mn " --1-62 volts; 
and Mn"-»Mn*'“~lT>77 volts. The potentials hto dependent on the cone, of the 
arid, and to a far less extent on the cone, of the manganese. Increasing the cone, 
of the acids displaces the potentials to less positive values. The equilibrium con- 
stant for the reaction Mn 2 (S0 4 )av' i MnS0 4 H Mn(80 4 ) 2 is A'- Cif U -CMn"’Y^Mir’’> 
and Jf =0-005032. Til© value of the constant changes with the acidity and the 
cone, of the manganese, and with 0'053/-Mn a (S0 4 ) 3 in 9 a lJV-H 2 S0 4 , about 36 per 
cent, is decomposed in accord with the equation, but with a 24-2A T -H 2 S0 4 , only 
9-7 per cent., so that the reaction is displaced to the left of the equation with 



410 


INORGANIC AND THEORETICAL CHEMISTRY 


increasing acidity. If K denotes the equilibrium constant, and a the percentage 
decomposition of manganic sulphate : 


NH.SO, . 

24-2 

19-8 

16*7 

15 0 

121 

10-6 

9-1 

K 

00013 

0-0040 

0*0050 

00052 

0-0127 

0 0283 

00698 

* 

6-7 

11-0 

12 0 

13*0 

18-0 

250 

36-0 per cent. 


This equilibrium condition explains the abnormal behaviour of manganic sulphate 
on hydrolysis, for the products are manganous sulphate and hydrated oxide of 
quadrivalent manganese. One product of the hydrolysis is the disulphate, 
Mn(80 4 ) 2 , and this is the most easily hydrolyzed component of the mixture, equi- 
librium is disturbed, still more manganic sulphate is hydrolyzed, so that the reaction 
takes place completely from left to right. T. Bwensson observed a small increase 
in the e.m.f. of a cell of a soln. of the salt when one electrode is exposed to light ; 
the subject was studied by J. Lifschitz and 8, B. Hooghoudt. 

P. Theodorid&s found the magnetic susceptibility of solid manganese sulphate 
to be 88-72x10 mass unit, and C. Ohencvcau gave 85x10 6 mass unit; for 
22V-Mn»S0 4 , G. Qumcke gave 291 Xl0 -fi mass unit ; G. Jagcr and S. Meyer gave 
for 14*83, 20*97, and 37 74 per cent. soln. the respective values 18 X 10“ 6 , 28*4 X 10‘ 
and 56*2 X 10“ 6 mass unit ; P. Pascal, 1 500 X 10~ c ; (J Falckenberg gave 93 X 1 0^ 
mass unit for an aq. soln. ; and O Licbkneclit and A, P. Wills, 100x10"® mass 
unit. Observations were also made by G. Piaggesi, P. Plessner, G. Falckenberg, 
R. H. Weber, L C. Jackson and H. K, Onnes, 1\ Thcodorides, W. Albrecht, 
O. Wylach, P. Philipp, B. Cabrera and co-workers, and A. Tleydweiller. W. Suck- 
smith studied the gyromagnetic effect. B. Cabrera and co-workers found for aq. 
soln. of 0*3633 and 0-01808 grin, of the anhydrous salt per 1000 grins, of Rolvent, 
mol. susceptibilities respectively 0-014981 and 0*14803, so that 4-354 I'®)* 

K. Honda and T. Sonc gave for the magnetic susceptibility, ^xlO 0 mass units : 

-178“ -140* -70° U° 250° 507° 747° 1148° 

*xl0« . 261 183 124 94-1 55 6 38*6 300 140 

H. Mosler found the temp, coeff , a. of the magnetization of 13, 23, 30*1, and 40*2 
per cent, of manganous sulphate to be respectively 0 00288, 0-00261, 0*00259, and 
0-00255. J. Aharoni and F. Simon observed that the susceptibility of a soln. of 
106-64 grms. of MnS0 4 per litre expressed in arbitrary units is —1550, the sus- 
ceptibility per gram for different dilutions is nearly 6*87, and when aoln. and water 
are mixed m the following proportions by volume : 

Soln. : H ,() . 1.0 12:3 12:15 10:17 7-98:10 6-02:21 4:23 

Susceptibility 155 --120 -54 4 -38 8 -25 0 - 12 4 - 1 6 

J. A. Arfvedson found that hydrogen reduces red-hot manganous sulphate to 
form an oxysulphide. According to W. Ipatieff and W. Kisseleff, when an aq. 
soln. of manganous sulphate is treated with hydrogen, at 300° and over 160 atm. 
press., manganese sulphide is formed. J. A. Arfvedson found that when heated to 
a high temp, in air 9 this sulphate is decomposed as indicated above. R. Brandcw 
said that the anhydrous salt absorbs water with great avidity from air, forming a 
hard mass ; and when exposed to air it forms the trihydrate. The solubility of 
the salt in water has been previously discussed. J. H. Weibel studied the hydrolysw 
of the salt, and observed no separation at 150°, but at 250° a precipitate is formed. 
M. 0. Charmandarian and E. A. Alexeeva found that manganese sulphate has a 
feeble catalytic effect on the decomposition of hydrogen dioxide. A- Gorgeu 
observed that when a 20 to 25 per cent. soln. of manganous sulphate is boiled with 
a 2 to 3 per cent. soln. of sodium hydroxide, the white precipitate first formed is 
converted into a pink crystalline precipitate, which is not decomposed by con- 
tinued washing with water, remains unaltered when exposed to air, and does not 
lose weight at 200". Its composition corresponds with wiajigunftsa oxydisulphate, 
Mn0.2Mn»S0 4 .3H 2 0. R. Fink found that if 0-IjV-MnSO 4 be digested with mag- 
Nnuxn hydroxide on a water-bath, 71-2 per cent, of the manganous oxide is pre- 
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cipitatcd. F. Fichtcr and E. Brunner observed that manganous sulphate in the 
presence of sulphuric acid is more readily oxidized by fluorine than is the case 
with manganous fluoride, presumably owing to the intervention of sulphur tetroxidc 
in the oxidizing process. The formation of manganic sulphate, the first step, is 
easy to recognize, by the red colour. On continued passage of fluorine this colour 
changes to a brownish-rod and finally to a dark brown, and the oxidizing power 
corresponds to a nearly complete transformation into the labile sulphate of quadri- 
valent manganese, Mn(S0 4 ) 2 . If the concentration of the sulphuric acid is not 
high, hydrolysis sets iu and manganese dioxide is formed ; but although it is easy 
to obtain a yield exceeding 90 per cent., the formation of manganese dioxide is not 
a certain proof of the primary formation of a Ralt of quadrivalent manganese, for 
it may be formed by hydrolysis of manganic sulphate, one-half of which is reduced 
to manganous sulphate and subsequently re-oxidized. In order to bring the 
oxidation to the highest stage, permanganic arid, it is useful to have a low concentra- 
tion of manganous ions mid a high concentration of sulphuric acid, the latter being 
neoe^ary to avoid the formation of hydrogen dioxide. In these circumstances 
the chaiacteristie colour of permanganate ions becomes visible the more quickly 
the smaller the concentration of manganous sulphate, A. B. Prescott found that 
uty little sulphuric acid is displaced when the salt is evaporated with hydrochloric 
acid. F. Ephraim observed no addition compound with hydrogen chloride. 
A. B Prescott observed that when a gram of the salt is treated with 4-035 grms. 
of hydrochloric* acid of sp. gr. 1-153 and evaporated to dryness, 0*8 per cent, of the 
Mlt is converted to chloride 


\ / v 

Mr, $0^0$ . MnS0 4 -rtP n50i ' HlS0 ' 

LL\ / vl\ \\ 




H. Kose found, that when the uulivilrniin sulphate heated w'lth sulphur in a 
i uncut of Imlrogeii, or, m curding to V. Viuli, with sulphur alone, manganous 
.sulphide is funned: MuS0 4 |- 2S— MnS 

-f 2SOj ; while U. Yortinnnn and (\ Pad- r MnS0 K 

beig observed that the aq. soln. is nof* a/w.ho 

(‘hanged by sulphur. L. Meyer obscTVed 4 " f 

it to be a good catalyst in the oxidation / 

of sulphur dioxide. J. T. Norton found \ / \ 

that w'hcn the soln. is heated witli sodium Mr.SO^^Oj^. _ 
thiosulphate in a sealed tube at 111) to , / j\ 

2D0 , some manganous sulphide is formed. Al> i J ~ 

According to (\ Schultz, wdien a soln. of ,j/’ \ / \ 

inaiigunous sulphate in boiling, cone, sul- \ 

phuric acid is cooled, anhydrous, asbestos- / vvisN > V/\ V v $K 

like, prismatic crystals are formed, and ut / ' v \ yj \ a \\ 

loo crystal plates of manganous hexa- io v “ /ya 

hydrotetrasulphate, Mn(HS0 4 )« 2H.,S0 4 , w _ 

,. ro 1411n . n/i j , t , i . 4 ’ Fig. 87. The Ternary System: 

•ire produced ; and if sulphuric and of sp. MnRO H,S() 4 H a <). 

gr. l-ti is employed, tabular crystals of 4 

manganous hydrosulphate, Mn(HS0 4 ) 2 , separate horn the cooling soln. A. Schuni- 
fick found that a litre of 7Af-, 8 A/-, \l\M , and 12Jf-II..H0 4 dissolves respectively 
7-22. 1-00, 2*50, and 2-10 grins, of manganous sulphate. (\ Montemartini and 
b Eosmm .studied the system MnS() t 1 II 2 0, and the results at 12-5°, 

summarized in Fig. 87, arc a little uncertain as to the exact regions of the different 
phases. There are manganese hydrodisulphate, MnS() 4 H 2 S0 4 ; the monohydrate , 
MnNOj H 2 S0|.H 2 0 ; and manganese hydrotetrasulphate, MnS0 4 3ILS0 4 . 

^ . K. E. Hodgkinsnn and (\ C\ Trench found that when manganous sulphate 
is heated in a current of ammonia gas, the residue is an equimolar mixture of man- 
ganous sulphide and oxide, blit no nitride is formed. G. Gore said that the 
anhydrous sulphate is insoluble in liquid ammonia. II. Rose found that the 
anhydrous sulphate absorbs dried ammonia gas very slowly to form a white powder 
of manganous tetramminosulphate, MuS() 4 .4NII { , which can bo preserved in a 
sealed tube ; but it loses ammonia in air, and v hen dissolved in water deposits 


Fig. 87. Tim Tenmry System : 
MnR() 4 H,S() 4 H„<>. 
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manganous hydroxide. M. A. Rukazin studied the tetr&mmine. W. Peters, and 
F. Ephraim said that under the conditions indicated by II. Rose imuigftHOQfl 
hwamminosalphate, MnS0 4 .6NH 3 , can be formed; and when this is kept in 
vacuo, it passes into manganous diamminosolphate, MnS0 4 .2NH 3 . The mono- 
hydrated sulphate forms manganous aquopentamminosulphate, MnS0 4 .5NH 3 .H 2 0. 
F. Muller gave - 18 l to 74° for the dissociation temp, of the hexammine ; 74° 
for the pentammine ; 180° for the diammine ; and over 380° for the monammine. 
W. Herz studied the equibbrium between soln. of manganous sulphate and 
ammonium salts — vide supra , manganous hydroxide. W. Fcldt observed that 
hydraxylamine forms manganous hydroxylamwosulphate, MnS0 4 NH 2 0H.2H 2 0, 
as an insoluble white powder ; and N. Pfanner obtained 4 Mn 8 O 4 . 3 NH 2 OH. 2 H 2 O, 
by the action of manganese on an aq. soln. of hydroxylamine sulphate. H. Franzen 
and 0. von Mayer found that with hydrazine and manganous sulphate there is 
formed manganous dihydramnosulphate, MnS0 4 .2N 2 H 4 . W. Manchot. and 
co-workers found that at 25° soln. with 0 , 14-194, and 29*143 gnus. Mn80 4 per 
100 ex. dissolve respectively 53-3, 30*6, and 17*0 ex. of nitrous oxide per 100 r c 
E Kunhein observed a reduction to sulphide when the sulphate is heated in 
tlie arc with carbon. According to J. L. Cay Lussac, when a mixture of manganous 
sulphate and carbon is heated to redness, there are formed sulphur dioxide and 
carbon monoxide and dioxide, as well as a mixture of manganous oxide and sulphide , 
and when the sulphate is heated in a current of carbon monoxide* manganous 
oxide and sulphide are formed. W. Manchot and co-workers found that at 25 
soln. with 0, 11-797, and 29*594 grins, per 100 c.c dissolve respectively 95-7, 54*8, 
and 31*4 c.c. of acetylene. K, Braudes observed that anhydrous manganous 
sulphate is insoluble in absolute alcohol ; and 100 parts of 50 per cent, alcohol 
dissolve 2 parts of the salt ; and 100 parts of alcohol of Bp. gr. 0*872 dissolve 0-63 
part of salt. With the heptahydrate and boiling absolute alcohol the trill} di ate 
is formed ; and a similar product is obtained by the action of absolute alcohol on 
the tetiahydnitQ. G C. Gibson and co-workers found the solubility of manganese 
sulphate- S grin, of salt per grain of alcohol - in anhydrous alcohols to be : 

l!i p 26* 3 y 45 a 66 

utMetlnl . 0 00190 0 00114 0 00054 U 00043 0 00029 

I FAhy I . 0 00012 — 0 00014 - 0 00021 


The methyl alcohol had the sp. gr 0-78050 at 25 /4°, and the ethyl alcohol, 0-78510 
H. KehifT found that KM) parts of a sat soln in 0, 10, 50, and 60 per cent, alcohol 





Flo. 88 The Tomar> System : MnS0 4 H s O PJffjOH. 


contain respectively 56*25, 
51*4. 2*0, and 0-66 parts of 
pentahydratod manganous 
sulphate Wheu the hepta 
hydrate is dissolved in 15 to 
50 per cent alcohol, the 
liquid separates into two 
layers ; the lower layer eon- 
tains Iess t (12 to 14 per cent ) 
alcohol and more (47 to 49 
per cent.) salt, and the 
upper layer contains more 
(50 to 55 per cent.) alcohol 
and less (1 -3 to 2*2 per cent ) 
salt. With 15 to 50 per 


cent, alcohol the separation takes place at ordinary temp., but with 13 to 14 per 
cent, or 60 ]>er cent, or upwards of alcohol warming is necessary for the separa- 
tion. F. A H. Schreinemakers and J, J. B I)euss studied the ternary system 
MnS0 r H 2 O-C 2 H 5 0H at 0°, 25°, 30°, 35°, and 50°. The diagram, Fig* 88, is 
characterized by a binoid&l surface kuvk'v'u* representing the conditions for the 
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co-existence of two liquid layers. This region extends from 5*3° to 43-5°. Usually 
the ternary system of salt, water, and alcohol exhibits only a minimum critical 
mixing temp., but in the present case there are both a minimum and a maximum 
critical temp, abuku'e represents the surface of the heptahydrate ; bevu , the satura- 
tion surface of the pentahydrate in contact with the liquid layer poor in alcohol, 
and u'v'fr, the pentahydrate in contact with the liquid layer rich in alcohol ; which 
cimgfv'k'v refers to the monohydrate, and gndh to anhydrous manganous 
sulphate. The curves eu and ub refer to soln. sat. with both the hepta- and penta- 
hydrates ; fv> and eu', to soln. sat. with both the penta- and monohydrates ; 
and gw, to soln. sat. with the monohydrated and anhydrous salts. The curve 
kuvk’v'u' is derived from the following data, where concentrations are expressed 
in percentages : 


Alcohol 
poor , 
layer 


10* 

l.V 

21* 

o- 

no 

H5- 

41 

4J° 

[ C.H.OH 
MnSO, . 

. 13 78 

. 25-25 

9 25 
29 79 

0*10 

35-05 

0-81 
33 72 

8 09 
30 15 

9 24 

28 01 

1 1 93 
21 97 

14-33 
22 01 

Alcohol 

rich 

layer 

I t'.H.OJI 
| MnSO. . 

. 37-00 

5 41 

44-50 

2 79 

53 35 

1 10 

53 09 
1-23 

- . -» 

15 30 

2 40 

41-71 

3 44 

3401 

5 HO 

31 42 
8 51 




V 

Mnb <> 4 

AHjO 



MnhO| 

ll^O 



The perccnl ago solubilities of the hydrates of manganous sulphate in mixtures of 
alcohol and waler arc shown in Table 111. K. Ouno said that the effect of temp. 


TvUIK III. iSol.l U11.1TIKS ok IIydratkd M\n<hnuu.s SlTLPlIATK IN \ q \ kous 




Alcohoi. 



Temp, 

Wultr 

Alt oh ul 

MnM>, 



Snliil plia-w* 

_ 

35° 

hi 1 

0 

38 0 

MiiSOj.HjO 

1 1 

02 13 

5 30 

32 37 

*1 

ti 

02 00 

Ii-4(j 

31 48 


« 1 

02-01 

7-48 

30 51 

»• 

11 

02-15 

9-24 

28-01 

(t 

»F 

54 85 

41 71 

3-44 


1* 

50-09 

47 73 

1 58 

,, 

. 1 

50 10 

48-27 

1-57 

„ 

30" 

01-4 

0 

38-6 

MiiS0 4 .1(/) 

It 

61-43 

2 20 

36-31 


1 t 

01-25 

5 09 

33-60 1 

1 

J » 

60-78 

5 90 

33-20 1 

1 

IP 

6110 

8-69 

30 15 1 

1 

l» 

52-31 

45 20 

2-49 

. , 

II 

44-83 

54 19 

0-9S 

1 • 

P» 

30-95 

08-97 

0 08 

11 

1 V 

0-19 

90 80 

0 01 

„ 

26° 

00-7 

, 0 

39-3 

Mn.SO 4 . 5 H/ 

M 

59*47 

1 0-81 

33-72 


IF 

45-08 

' 53-09 

1-23 

1 1 

FI 

4205 

57-39 

0-50 


F» 

23-30 

76-70 

1 

0 0 

MnSOj.HjO 

- _ 

- 

_ _ 



_ 


on the composition of the two layers is small ; and that if A, W, and S respectively 
denote the quantities of alcohol, water, and salt in JUOc.c. of soln., the expressions 
suggested by G. Bodlander, namely JV# and by W. Herz and M. Knoch, namely 
m ^)W7(A'+-4 + W r ), are fairly constant for medium concentrations of alcohol. 
^. or . a quantity of salt in the soln., the electrical conductivity rapidly 

diminishes as the quantity of alcohol increases ; and an increase in the proportion 
of alcohol leads to a displacement of the maximum conductivity in the direction 
of soln. containing less salt. E. Darmois studied the effect of manganous sulphate 
on the rotatory power of tartrates. W. Eidmann, and A. Naumann found that 
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manganous sulphate is insoluble in acetone ; A W Davidson found the sulphate 
to l>e insoluble m acetic acid , A Naumann, that it is insoluble in ethyl acetate, 
and in bensonitrile ; P W 0 de ComncL that 100 grras of a sat soln in glycol 
contain 0-5 grm. manganous sulphate , R Brandes that the salt is insoluble in 
absolute ether, and that no water of cTVstalhzation is removed by the other , apd 
R Branded that the salt is insoluble in boiling turpentine, but a mol of water is 
removed from the tetiahydrate S Hakomori studied the action of oxalic 
acid. F Krauss and E Bruchhaus studied the action of the sulphate nn 
Potas sium oxalate ill light H Orossmann and 13 Sehu<k obtained a complex 
manganous ethylenediammomlphate, MnS0 4 ( ' 2 H 4 (NH 2 ) 2 Hd), m trie lime prisms 
of sp gr 1 941 , and H Scheming, manganous diphenylhydrazmosulphate, 
MnS0 4 2 C<jH 5 NHNH 4 > H 2 0, soluble in 55 parts of water it 16 O C Magistud 
observed that the manganese of manganous sulphate will replace the calnum of 
zeolites. 

According to V Maori, with a few c\r options the metal hydroxides are not 
oxidized by manganous salt* H Biwli studied the adsorption of manganous 
salt 1 In dro/Ms of ferric hydroxide \\ hen nnaminomacaf soln ot copper sulphate 
and manganous sulphate is boiled cuprous oxidi is precipitated, and the ^uper 
natant, colouiless liquor gradually hi (nines blue when exposed to an Mangmnus 
sulphate completely precipitates silver from a hot amrnonmc.il &oln of silver 
nitrate. The white precipitate formed In adding a manganous halt to an 
ammomacal soln of mercuric nitrate turns git\ and then brown on boiling and 
after treatment with sulphuious and oi *m audimd snln of a sulphite it leaves 
a hea\y brownish gnv pulverulpnt deposit wlmh is not dissolved bv dil nitric 
and but is readilv attar ked In the com and forming mtious fumes The addition 
of ammonia to a soln containing a cobalt salt and niunginous salt Melds a pre 
upitate of manganous Ly droxide w hie li gradually becomes biown not however, 
by the direct reduction of the cobalt oxide sine i the latter fust undergoes pt r 
oxidation in air, and then gi\cs up its oxygen to i he manganese (specially on 
shaking the mixture 

J F John prepared ammonium manganous disulphate. (Ml t )s< i 4 MnNOj nlMi 
by c rv slallization fiom a soln of the loinponcnt •-alts md ( Lcpi<in,hv crystal 



Fro 89 Ternary System 
MnSO, (NHJ f S0 4 H ,<> at 2 V 


\ 



Krr, 90 Ternary System 
MnSO, fNHi)*S() 4 H g O at W\ 


lizing ui< aq soin of ammonium manganous ti sulphate 0 Vsc h m obtained the 
Halt by the action of a soln of ammonium persulphate on minganese If A yon 
Vogel observed that the hexaliydraU first crystallizes fiom a soln of ammonium 
chloride and manganous sulphate a complex chloride remains m soln 
™ 0 A H Schrf mcmakcrs studied the ternary system MnSO* (NH 4 ) 2 S0 4 -H a ° at 
2Ti° and 50 , ami the results are summarized in Figs 8y and 90 The region of 
Htabihty foi (NH 4 ) 2 S() 4 MnS0 4 6H J) is shown bj the shaded area oyer tjK Fig 89, 
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so that gf represents the solubility curve of pentahydrated manganous sulphate ; 
fb, the solubility curve of the complex salt just indicated ; and ba , the solubility 
curve of ammonium sulphate. R. M.*Caven and 
W. Johnston investigated the same system at 0°, 
and obtained results analogous to those at 25 1 
obtained by F, A. H. Sch re inem alters. It was 
also observed that the increase in solubility of 
manganous sulphate caused by ammonium sul- 
phate at 25°, and the decrease in solubility of 
ammonium sulphate caused by manganous sul- 
phate «t 25°, are accentuated at 0°. E. Kouycr 
observed evidence of the formation of this salt 
in soln. at 100°. For preparing ammonium 
manganous disulphate the aq. soln. of the mixed 
salts should be evaporated between 0° and 25° ; 
the salt was also studied by M. T. Salazar and E. Moles. The results of 
A. Benralli are summarized in Fig. 91. 

According to K. Mitsoherhch, the pale pink monoclinic crystals of the .salt 
resemble those of the magnesium salt A. Murmann and L. Rotter gave for the 
axml ratios a : b : c 0-73G : 1 : 0-497, and j8 107 c 2'. 11. G. F. Schroder found the 

sjj gr. to be 1-825 ; R. Krickmeycr gave 1*837 at 18 j\ . 11 A von Vogel observed 
that the salt loses some water of crystallization between 7 .V and 87°, and at a red- 
heat all the ammonium sulphate is expelled. N. Schiloff and R. Nekrnssofi studied 
the udiMirption of the soln, by schonite. F. Ephraim and P Wagner found the mol. 
vol to be 214-9 ; and the dissociation press, to be 4(K) mm. at 87 \ According to 
T Gidliam, the heat of soln. is —9*7 Cals. T. Swensson observed a small increase 
in e m f when an electrode m a soln. of the salt is illuminated. O. Licbknecht and 
A I* Wills pave 53x10 ° mass unit for the magnetic susceptibility of the aq. 
soln. L 0. Jackson and W. J. do Haas, K. 8. Krmhnan, and L. 0. Jackson and 
H. K. Dimes also examined the paramagnetism at low temp. 0. Enrol gave 5-91 
for the dielectric constant for A - * J. F, .lohn found that the salt deliquesces 
in moist air and is freely soluble in water; according to J. Locke, 10<) parts of 
water at 25° dissolve 35*1 grins, or 0*1321 mol of the salt. In the absence of air 
aq ammonia gives no precipitate with soln. of this salt. 

According to ('. Lepierre, if a mixture of approximately equal parts of 
ammonium and manganous sulphates be fused, all the water of crystallization is 
expelled at 200°, and at 2TH) U crystals of ammonium manganous trisulphate, 
(NH 4 ) 2 SD 4 .2Mn80 4 , are formed. The excess of ammonium hydrosulphute is 
washed out by boiling in 70 per coni, alcohol. The conditions of formation in aq. 
soln. at 50° were found by 1«\ A. H.. Sehrcinomakors and are represented in Fig. 90. 
From this it follows that ammonium manganous di, sulphate dissociates at 50° : 
(NH 4 )„Mn(S0 4 ) 2 .GH 2 0=. (NH 4 )«S0 4 .MnSD 4 t Solution ; aud a soln. of eq. pro- 
portions of the component salts at 50' furnishes crystals of ammonium manganous 
trisulphate. W, Lang prepared this salt in anhydrous crystals by adding excess 
of ammonium sulphate to a hot acid soln. of manganous sulphate ; it is decom- 
posed by cold water into the double sulphate, MiiS 0 4 .(NH 4 ) 2 SU 4 , and manganous 
sulphate. X\ Lepierre found that the white tetrahedral crystals belong to the 
cubic system, and have a Hp. gr. 2-56 at 14\ The aq. Roln. of this salt deposits 
crystals of the complex disulpliatc when evaporated at low temp. A\hen heated 
to redness the ammonium sulphate is driven off. M. T. Salazar and E. Moles* 
observed no hydrolysis in the aq. soln. of ammonium manganous sulphate. Accord- 
ing to A. (lorgeu, when an aq. soln. of the mixed sulphates is treated with ammonia, 
added drop by drop at 80°, crystals of ammonium manganous orytrisulph&te, 
(NH 4 ) 2 80 4 .Mn0.2MnS0 4 .3Hj i 0, are formed. The pale pink rhombic prisms are 
not changed by dry air, but at 180° water is given off, and at a dull red-heat man- 
ganous sulphate remains. The salt dissolves in water, and the soln, deposits 



Fir;. 91. Equilibrium Condition* 
of Ammonium and Mangannufl 
Sulphates. 
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manganous hydroxide. The salt is soluble in hydrochloric acid without coloration 
or the evolution of chlorine. T. Curtius and F. Schrader evaporated a mixed 
soln. of manganous and hydrazine sulphates, and obtained hydrazine manganous 
disulphate, (N 2 H 6 )2S0 4 .MnS0 4 , as a white crystalline powder with a reddish 
tinge. 100 parts of water at 18° dissolve 1-67 purts of the salt. The reactions of 
the aq. soln. resemble those of the component salts. G. Canneri prepared guani- 
dine manganous disulphate, (OHgNa^^SO^MnSO^eHoO. 

G. Calcagni and D. Marotta measured the f.p. of binary mixtures, lithium and 
manganous sulphates. The results show a simple eutectic, Fig. 92. The region 
a refers to a homogeneous liquid ; 6, to a liquid with solid lithium sulphate ; c, 
to a liquid with solid manganous sulphate ; and rf, to solid /J-MnS0 4 and /J-Li 2 S0 4 . 
The corresponding curve for sodium and manganous sulphates, Fig. 93, shows the 
existence of two compounds - hexasodium manganous tetrasulphate, 3Na 2 H0 4 . 
MnS0 4 , which is unstable above 420° ; and sodium tri manganous tetrasulphate, 
Na2S0 4 .3MnS0 4l melting at 715°. The area 6, Fig. 93, refers to liquid and solid 
soln. b ; c, to liquid and solid sodium manganous tetrasulphate ; d, to liquid and 
solid soln, d ; e, to solid soln. b and the compound 3MnS0 4 Na2S0 4 ; /, to solid 
soln. b and compound MnS0 4 .3Na2S0 4 ; g, to compounds 3MnS0 4 .Na 2 S0 4 and 
MnR0 4 .3Ntt2»S0 4 ; k f to solid soln. b and j3-Na s H0 4 ; and t, to the ^-modifications 
of the two components. V. L. Geiger found that when the mixture of sodium 
chloride, manganese dioxide, and sulphuric acid employed in making clilorine is dried 



Fro. 92. -Fmezing-Point Curves of 
the System : Li 2 S0 4 MnS0 4 . 
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and heated to redness, the product extracted with water, and the so*n evaporated, 
crystals of sodium sulphate separate out. When the mother-liquor is allowed to 
stand in a cool place, sodium manganous sulphate separates out in deliquescent 
crystals of the telrahydrair , Na 2 .S0 4 .MnS0 4 .4H 2 0 ; and the mother-liquor deposits 
after a long time deliquescent crystals of the dihydraU\ N02SO4.MnSO4.2H2O 
O. Aschan obtained the suit by the action of sodium persulphate on manganese 
M. Berthelot gave for the heat of formation (Na~S0 4 ,MnS0 4 ) -1*2 Cals. ; and 
T. Graham, and M. Berthelot, (MnS0 4 ,Na 2 S0 4l Aq ) -12 0 Cals. ; and for the heat 
of soln. of the dihydrate, 3*2 Cals. ; while J. Thomsen gave 13 Cals, for the heat 
of soln. of NagMnfSOJg. A. R. Arrott observed that the dihydrate is formed if 
a soln. of the constituent salts is cooled above 36*5° — say 40° to 50°. J. f\ 0. dc 
Marignac could not determine the form of the crystals with certainty. If the 
soln. of the component salts be evaporated spontaneously at ordinary temp., 
J, C. G. de Marignac, A. Scacohi, and C. F. Rftmmelsherg obtained pale pink mono 
clinic crystals of the tetrahydrate with axial ratios a : b : c^-1-344 : 1 : 1-336, and 
£--99° 18'. -P. L. Geiger thought that the salt is the pentahydrate ; and L. Gmelin. 
the hexahydrate mixed with some dihydrate. P. L. Geiger said that this salt has 
at first a cooling, bitter taste, which afterwards appears unpleasant and metallic. 
The salt reddens litmus slightly. It effloresees in warm air; it decrepitate* 
slightly when heated, and swells up to a white porous mass ; at a low red-heat 
it fuses to a light grey mass which is soluble in water ; some manganosic oxide 
may be left when the mass dissolves in water if the calcination temp, has been 
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high enough. 100 parts of boiling water dissolve 1 98 parts of salt, and nothing 
separates out as the soln. cools ; but if, after 24 hrs , the soln. is seeded with a 
crystal of the salt, there is deposited in about 3 hrs a thick mass of sodium 
sulphate crystals ; and the mother-liquor holds manganous Iphate in soln. 
F A II Schreincmakers and I). J van Prooijc investigated the ternary system 
MnRC^-NagSOfl-HjjO at 30°. The isotherm ab, Fig 94, shows the composition 
of a soln sat. with Na 2 80 4 , 6c, of a soln sat with hexasodiuin manganous tetra- 
sulphate, MnS0 4 3Nu 2 80i , rd, of a sole, sat with sodium manganous enneadeca- 
sulphate, 9Mn80 4 10 Na 2 80 4 , and dc , of u soln sat with h) drated manganese 
sulphate, MnROj HTjO. There was no evidence of the formation of the double 
salts MnS<) 4 Nd 8 80 4 2II 2 0 and Mn80 4 Na 2 H0 4 4II 2 O v described bv J (’ G do 
Maiignac. and A Geiger There is nothing to show whcthei the latter arc meta- 
stable salts or mixtures when formed under conditions w here Fig 94 is applicable 
The losults of R M Cavenand W Johnston an lllustiated m Fig 91 r I he dotted 
tunes refer to a temp of 35 , the others to one of 21 No double salt is formed 
at 0 the salt MnS0 4 Na 2 SOj 2Ild) is stable .it 21 and 31 Tin two s*lts were 
desr nix ill \ F V H Sc hreineiuakers and 1) J \dt\ lhomje 1 lie m u c om< idenec of 
thi double salt j*oi tions at 21 and 39 shows 1h it tin solubihtK s of tin two salts me 
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IV 11 > Tuiino S\*tein 
MiiS0 4 Nii^SOj 1W> at 2i (nnrl ,i r » ) 


neailv the same, but I lie solulnlitx of the double salt at 21 is nlliei less than it 
la at 3.) \t 0 , 25 and 3V the solubditv of mangam sc sulphate i> decroasi*«l 
b) addition of sodium sulphate This fact is of nun li gicntc i mteiest on mim< 
partieular examination, for the solid phases an diffeicnt it the ditfeient temp 
The decrease is leant at 2V, wlieie the solid pb 1 * is MiiS0 4 1H 2 0 and is gicatiid, 
bung much accentuated, ut 35 , whcie the solid phase is MtiS0 4 TId) in mtei- 
niediatc decrease is shown ut () J , where the solid phase is Mn80 4 7 1 1_>0 Thus, 
these isotherms show the cfTot f of addition of sodium sulphate on the solubilities 
of the hepta-, tetra-, and monoliydiuted bums of manganese sulphate The 
solubility of Mn80 4 H 2 0 at 35 is slightly greatei than that of MnS0 4 411d) at 
J r > At 0* and 25° the solubiht} of sodium sulphate is me leased liv the addition 
of manganese sulphate At 35 , it ih much decreased bv me leasing quantities 
of manganese sulphate. Ileic again there is a change of solid phase* fiom the 
ueca hydrated to the anhydrous state 

A and H. Benrath studied the ternary system Na^SOj MnSOj H d) at 97 
he following is a selection from the results for soln , where the proportions of 
podium and manganous sulphates are expressed in percentages b\ weight i 
denotes the mol. proportion of Mn8() 4 in the mixture, and M f the numbei of moU 
0 water per mol of the salt mixture . 
vol. xii, 2 r 
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MdS 0 4 0 0-08 0 09 10-42 19-25 21-41 22-81 20-48 28-49 per oent. 

Na^O, 29-85 22-98 20-20 17 00 14-72 13-13 11-94 2-16 0 percent. 

* 0 2-10 2-10 35-40 65-14 60-48 64-22 02-00 100-00 per cent. 

M . 18-56 18-00 18-48 20-41 15-89 16-54 15-24 20-80 21-OR 

V y ■ i » ■ A ii y ' a/N. n.yn . . y i ■/ 

fctalld phase ; Na a 80 4 3Na g 80 4 .M»S0 4 Na I 80 4 .Mn30 4 .H f 0 MnS0 4 H t O 


The result** are plotted in Fig. 96 -the dotted curve indicates sp. gr. 
phases include the dihydrale y Na2SO4.MnSO4.2HoO, at 97 s1 , and sodium 
tetrasulphate, 3Na 2 S0 4 .MnS0 4 .Ho0 
A. Bcnrath raised the question whether 
there is a limited region near 25° where 
the unstable tetrahydrate exists. For 
the stable region A. Benrath represented 
the equilibrium conditions of the ternary 
system at different temp, by Fig. 97. 

A. Gorgeu prepared sodium man- 
ganous oxytrisulphate, Na 2 S0 4 .Mn0. 

2MnS0 4 .4(or 5)H 2 0, by a method .similar 
to that employed for the ammonium 
salt, but al 100°; it is not certain if 
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Fn.. 96. — Equilibrium in the Sssb in : 
MnS0 4 -Na a H0 4 II 2 t) at 97 . 
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Fio. 97. —Equilibrium Diagram of tin* Ter- 
nary System: Na g S() € MnS(> 4 H.O at 
Different Temperatures. 


the salt is isomorphous with the salts of potassium and ammonium. The 
oxysulphate loses its water of crystallization at 130'. 

F. K. Mallet obtained potassium manganous disulphate, K 2 S0 4 .Mji»S0 4 , in 
reddish-white, tetrahedra, by fusing a mixture of the component salts. The crystals 

are stable in air. G, Oarobbi and V. Gaglioti 
could not prepare this salt ; they always obtained 
the 1 : 2-salt, vide infra. G. Oalcagni and D. Ma- 
rotta studied the f.p. of mixtures of potassium 
and manganous sulphates. A compound potassium 
manganous trisulphatc, K 2 S0 4 .2MnS0 4 , is formed, 
but not the disulphate. The field 6, Fig. 98, re- 
fers to liquid and solid soln. b ; c, to the liquid and 
the trisulphate ; d, to liquid and solid soln. ; e, to 
solid soln. b and the trisulphate ; /, solid soln. 
b and j8-K 2 S0 4 ; <7, the trisulphate and the jS-form 
of the component sulphates. 

G. J. Mulder observed that a soln. saturated at 10° with manganous sulphate 
and then with potassium sulphate contains 44 3 parts of K 2 80 4 , and 16-7 parts of 
MnS0 4 for 100 parts of water. According to J. (\ G. de Marignac, the dikydfatei 
K2SO4.Mn8O4.2HoO, is deposited in pale pink triclinic crystals from a soln. of 
equimolar parts of the component salts at 40° to 50°. G. N. Wyrouboff gave for 
the axial ratios of the triclinic crystals of the dihydrate a : b : c=^0-7161 : 1 : 04482, 
and a —87° 50 , /3=-85° 36', and y- 101" 29'. H. G. F. Schroder gave for the 
*p. gr. of the dehydrated but not fused salt, 2*954, and for the fused salt, 3-031. 



Percent XgSQ, 

Fia. 98. — -Freezing-Point Curves 
of the Hystom : K r S0 4 “MnR0 4 . 


MANGANESE 


419 


11 M (*aven and W. Johnston s study of tbe ternary system K-»SO t Mn8() 4 -H 2 0 
at 0° is summarized m Fig 99 The tetrahjdrated complex salt crystallizes as 
well at 0° as it does at 2 r >° The isotherm at 25° is similar to that at 0°, except 
that it shows a more rapid increase in the solubility of the manganous sulphate with 
additions of potassium sulphate up to the triple point At 2 r > L the tetrahydratc of 
manganous sulphate takes the plate of the heptahydiate at 0 The isotherm of 




Pmi IoO I Ik I 1 >lvtlionns ni llm 
S\-.l m MiiS () 4 k SO a H z O 


Hie potassium MsUiii at 0 is tilth uni from that of the ammonium s\stem The 
i ui/f of double silt foi nmtion is gr< itc r with the ammonium system, owing (i) to 
the gK ltd solubility of ammonium sulphate ami (n) to the fad that the complex 
miinonnmi Ml! is hcxahydmted, whereas the potassium complex halt is tetra 


liuliutu! ,J I Pune, P von Hauer 
obi nnul the trlinhydraU, hoS0 4 

\lnS() 4 UI^O, in pale pink inonocluiK 
n>stals b> cooling to 0 a holn sat at 
ordman temp, or by evaporating it 
ni ia( uo at 1() 1 to 12 J Tin axial 
i lit io^ me a h r - 1 24 S"j 1 1 0321 
uid P ()' H Kuckmestr gn\t 

2 23 4 for the sp gT at 20 and 
H (} F Schroder gave 2 13 for the 
V I> gr , and added that the Balt can be 
in* Jit d at a led heat without decom- 
position F Kphiaim and P Wagner 
found the dissociation press to lie 
Pit) mm at Ml 5 J Thomsen gave 
hu the heat of soln of K 2 Mn(S0 4 ) a , 
WPals , and of K 2 Mn(80 4 ) 2 nH 2 0, 
when n 1, 1 7G Pals , when n- 2, 
( J 91 Pals , when n 3, - 4 60 

(, als , and when n-^4, -6-435 Pals 
I he differences show that there are 
two definite stages in the hydration 
J Thomsen gave for the heat of forma- 


\ E 11 Tutton ind J P (J de Mangnai 
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Fiq 101 -The Ternary System : 
MnSO € K s S 0 4 H f O between O’ and 100° 

<ion (MnS0 4l K 2 S0 t ,4H i 0) - 13-8 Cala , and for (MnSO 4 ,K 2 8O 4 )-0 990 Cal , while 
M Berthdot gave 0 800 Cal H do Sonarmont found the index of refraction to 
he J 487 E Mitscherlich reported a hexahydrate of the type K 2 Mn(S0 4 )2.6H 2 0, 
< orresponding with analogous compounds the sclioni tea— with magnesium, zinc, 
•md iron , but J C H de Mangnac, and A E H Tutton could not verify this. 
U Aschan prepared the salt by the action of a soln of potassium persulphate on 
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manganese. The subject was discussed by M. T. Salazar and E. Moles. A. Ben- 
rath represented the equilibrium conditions and the phases in the ternary system 
MnS0 4 -KoS0 4 1I 2 0, by Figs. UK) and 101. F. K. Mallet obtained potassium 
manganous trisulphate, K 2 80 4 .2MnS0 4 , in pale red tetralicdra, by melting together 
the component salts. The crystals are stable in air. Cl. Calcagni and 1). Marotta’s 
c urve, Fig. 98, shows the conditions of existence of this compound, which melts at 
850 . (1, Garobbi and V. Caglioti also found that a molten mixture of 2 mols of 

manganous sulphate and a mn] of potassium sulphate furnishes the 1 : 2 compound 
corresponding with laiiglxumte, KoS() 4 .2MgH() 4 , it is also formed when the com- 
ponent sulphates are taken in equimolar proportions. The 1 : 2-compound was 
found by F. Zambonmi and (1. Carol)! u to occur in small pink tetrahedru in stalac- 
tites of tnc lava cupola formed on Vesuvius in 1922. They called it m&ngano- 
langbeinite. A. (lorgeu obtained potassium manganous oxytrisulphate, 
Kq$0 4 .Mn0.2Mi)80 4 311 s O. by the process employed for the sodium salt. It is 
i«omorplious with the ammonium salt ; it loses its water of crystallization at 220 , 
and when roasted it forms potassium and manganous sulphates and manganic 
oxide. C Montemartini and L. Losana studied the quaternary system 
K L »K0 r MiiSO 4 -H 2 SO 4 - H 2 0, and they observed no evidence of the formation of 
.i quaternary salt. B. Gowmcr and T. Bauerlein obtuinecl n kind of Htamjioumdaiti’, 
|Kl!jS() 4 )J,|(Ke,AJ) 2 (011) 3 ][Mn(S0 4 ) 4 1.4H 2 0. 

G. X. Wvroubotl reported crystals of rubidium manganous trisulphate, 
Rb.St ) 4 2MnS0 4 , to lie formed from a *o!n. of equimolar parts of the component 

^alts at ISO’ to 70 . F. R. Mallet (obtained 
j_ 1 _ I l i_j_ reddish-white letrahedra of rubidium man- 

n * ganous disulphate, llb 2 S0 4 .MnS0 4 , from a 
I I { t “ fused mixture of the component salts. The 

^ \ - ... crystals are stable in air, and are isomorphous 

|£l71 JZ-L-l ^ \\ it h the eonesponding potassium and thalloiis 

y .-|JL salt.^ \ Beurath's results aie summarized in 

I /[ i I ! ! r Fig 102 (I X. W vroubotl obtained crystals 

'> w v the d\h'f<ln'U\ Kb 2 S0 4 .Mn80 4 2H«0, from the 

4 ‘ ' mother liquoT remaining after the separation of 

Fm. 102 Ki|iiilibiMnii of K»i1h- complex tnsulphate The row-coloured 

omul imrl Muiigannn^ iSnlnnah . . , 1 . i , 1 . 

1 tridiinc crystals have the axial ratios a : b : e 

0*8250 . 1 -0 *1112, and a SO 2fi', /} 9o 28', and y 10H J 46'. Twinning 

oceui s about the ( lOJ)-plaue F )< IVnot obiamed crystals of the herahyd)Uh\ 

Rl^SOj \lnS0 4 blloO, from .i oln the component salts. According to 
A. E. H. Tutton. the habit ot t t»c k niomulmic crystals of the hexahydrate is 
tabular to hliort prismatic ; and the crystals have the axial ratios a : h : c 
0-7382:1:0*1950, and /? - 105 57'. The topic axial ratios are (j:u) 

6*2542 . 8*4723 : 4*1938. The optic, il chaiactei is positive . and the optic axial 
angles aie : 

l.i line r-llm* Vi-liw Tl line F-lluc 

2E . . JO!) 40 lOT 111' 10!) 57' 110 7' 110* 19' 

2I\, . 07 ‘ 10' 07' S' 07 5' 07 V 00 55' 

The apparent angle 2fc T for sodium light increases about a degree for 50 n rise of 
temp. F. L. IVrrnt gave 2*49 for the sp. gr at 15 , and A. E. H. Tutton found 
2*459 at 20 4 , and the mol. vol. 213*66. F. Ephraim and P Wagner gave 211*2 
tor the mol. vol., and found the dissociation press, to la* 400 mm. at 85*5°. 
R. M. C.iven and* J. Ferguson found the vap press, of the rubidium salt, 
MnSU 4 Rb 2 S0 4 GH A), to be in accord with log P 7*084 | 811 \)T 1 IJHl/KWr^. 
F. L. I Vi rot measured the, indices of refraction, and A E. If Tutton gave for 
ordinary temp. : 


WO 

v o \ MfiJU 4 r WjJU^on 2 ij « 

!i.t„ 

1 /i i 1 ! J r 
wr i /' i _l . l J_J 

pi *) m *5 mm, 

Fro. 102 Ki|iiilibiMiin of K'tln- 
< li mn unrl Muiigannn^ Knlplmh . 

0*8250.1 -0-4112, and a *■ 
oceuis about the (lOJ)-plane 
Rb.jN0 4 \lnS0 4 (illoO, from .i 


E. If Tutton gave for 
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so that th© jS-index reduced to a vacuum can be represented for wave-lengths A us 
far as the .F-lino byjS- 1-4694 -f 420,367A ~ 2 — 491,2(X),(XKyxX)A . 4 ; and the a-iwlex 
is reproduced by the same formula if 1-4694 be reduced by 0-0040. and the y-imlox, 
if 1*4694 be increased by 0*01 (X). The indices at 7() r ' are about 0*0018 less than those 
given in the table. The sp. refractions by the /i 2 -formula arc 0-1 145, 0-1 153, anil 
0-1 173 respectively fora, j8, andy and the (Mine ; the mol. refractions are respec- 
tively 60*14, 60-38, and 01-63; and sp. dispersions, p, (l p ( 0*002*4, 0-0025, arid 
0-0027 respectively; and the mol. dispersions respectively 1-29. 1*31, ami 1-39. 
The mol. refraction with the ^-formula arc respectively 101-47. 102*32, and 101-14. 
The values arc practically independent of temp. J. Locke found that 100 v r. of 
water at 25 n dissolve 35-7 gnus, or 0-0837 mol of the salt 

A. E. H. Tutton prepared csesium manganous disulphate, t^SC^.SlnSO^.OH^O, 
bv crystallization from a soln. of the component suits. The pah- pink prismatic 
nr pyramidal crystals arc inonoclinic with the axial ratios a b : r 0-7274 : 1 : 0-4913, 
and ft - 72° 33'. The (201 J-cleavagc is perfect. The topic axial ratios an- ^ : 0 - at 

6-3441 : 8-7217 : 4-2850. The topical character is puMti\c ; and the optic axial 
angles at ordinary temp, arc : 
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The angle 2/s 1 for sodium light diminishes about 2-3* for a 3o rise of temp. The 
sp, gr. is 2-7375 at 20 r ; and the niul. \nl. i^ 226-39. U. M. t'aven and .1. Fit 

gusnn found the vaj» press of the ca-sium sail. MnK0 4 .( 'hnSOj.bH^O, to be in aiconl 
with log j) 2-830 i 22367' 1 830,860 T V. Ephruim and 1*. Wagner gavi 
226-6 for the mol. vol. ; anil found the dissociation press lobe HNlmm. at 8*73 . 
The indices of refraction arc : 
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The /3-indcv, in vacuo, can be represented for ua\ e-lengths A far n,s the 

7- line by (i 1 4803 | 722,1 13A 2 1,94 l,l>OO.OOU,OOOA 1 , the a indues are 

reproduced by the same formula by reducing 1-4803 bv 0*0019, and the 
y-mdires, by raising 1-4803 by (HJ0J9. Measurements at 70' slum that the 
index is lowered 0-0018 bv a rise of t< nip. of 30 . Tin sp refractions for llie 
(' line and the /u. 2 -fonnula are 0*1061, 0-l(>61, and 0*1075 fora, /f, and y respectively ; 
the inol. refractions tor the LMme are respectively 65-81, 66-01, and 66-68 ; the sp. 
dispersions fj,Q * an* respectively 0-0022, 0-(H)23, and 0-tH)23 ; and the mol. 
dispersions respectively 1-40, 1-42, and 1*46. The mol. refractions with t he /i -formula 
are respectively 111*62, 112-03, and 113-36 fur 4 he f-iino. The values arc pracii 
cally independent of temp. J. Locke found thut 100 c.t\ of water at 23' dissolve 

8- 04 gnus, or 0-157 mol of the salt. 

A. Etard reported copper manganous disulphate, ('uS0 4 .MnHo 4 .IM), to be 
formed as a monohydrate from a cone. soln. of the component salts in the 
presence of a large excess of cone, sulphuric acid; and A. Scott, the dihyimic , 
ruKO4.M11SO4.2H2O, in pale buff -yellow crystals, by adding sulphuric acid to >1 
filtered soln. of the component salts. These sails arc probably isomorphnun 
mixtures. M. Kchauffele observed that manganous sulphate dissolves in a sat. 
soln. of copper sulphate, and conversely, and the soln, furnish isomorpbous mixed 
crystals of varying composition. (\ E. Raminolshcrg noticed that a soln, with 
equimolar parts of pentahydrated copper sulphate and hept aliydrated manganous 
sulphate, yields triclinic crystals the first crop of crystals has copper sulphate 
in excess, and the later crop, manganous sulphate in excess ; while (A Woltzien 
observed that an isomorphous mixture of the form of pentahydrated copper 
sulphate is deposited from soln. with 12 times as much copper oxide as 
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manganous oxide. J. W. Retgers, working probably at 8° to 12°, observed that 
triclinia crystals, resembling pentahydrated manganous sulphate, are produced with 
0 to 2*18 per cent, of pentahydrated copper sulphate ; with 5-11 to 38-52 per 
cent, of heptahydrated copper sulphate, pale blue monoclinic crystals are formed ; 
and with over 91-05 per cent, pentahydrated copper sulphate, the dark blue crystals 
are triclinic and resemble the pentahydrated copper sulphate. R. Hollmann 
observed that at 21° sat. soln. of the component salts iu all proportions yield only 
feathery aggregates of triclinic pentahydrate. He measured the vap. press, of 
isomorphous mixtures of the two salts : with 0 to 161 per cent, of copper sulphate, 
the vap. press, is 13-4 to 11-8 mm. : and with 77*4 to 100 per cent, of copper sulphate, 
the vap. press, is 3-7 to 5*8 mm. W. Stortenbcker found that at 18° the penta- 
hydTatc (Cu,Mn)S0 4 .5H 2 0 is formed with 0 to 10-5 and 22*9 to 100 per cent, penta- 
hydrated copper sulphate; and the heptahydrate (0u,Mn)S0 4 .7H 2 0 with 16 to 
23*5 per cent, of copper sulphate. At 21°, however, a continuous series of iso- 
inorphous mixtures of the pentahydrate is formed — Fig. 103. Below 25° the 
hydrates— monoclinic MnS0 4 .7H 2 0 and CuS0 4 .7Ho0, as well as triclinic 
MnS0 4 .5H 2 0 and CuS0 4 .5H 2 0~ are involved. Let ml denote monoclinic 
(CujMnjSC^/Z^O, and/5, triclinic (Cii,Mn)S0 4 .5H 2 0, and R. Hollmann’s observa- 
tions arc summarized in Fig. 104, at 0°, and Fig. 105, at 17°. The decomposition 
and formation of isomorphous mixtures furnishes three types of curve in which 
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the decomposition temp, for any mixture (i) lies between those of the components 
— e.g. mixtures of the hepta hydrates of zinc and manganous sulphates ; (ii) reaches 
a maximum value — e.g. the heptahydrates of copper and manganous sulphates ; 
and (iii) has a minimum value. According to A. Recoura, a mixture of copper 
hydroxide and a cold aq. soln. of manganous sulphate furnishes green flocks of 
the composition copper manganous oxysulphate, 24(Ju0.MnS0 4 .nH 2 0 ; and with 
si boiling aq. soln. of manganous sulphate, greyish-green flocks of SC'uO.MnSfV 
«H 2 0. A. Mailhe obtained 2Cu0.MnS0 4 .3H 2 0 from copper hydroxide and a 
boiling aq. soln. of manganous sulphate of medium concentration. The green 
isomorphous powder is dehydrated at 200° to 250°. A. Werner likewise obtained 
what he called the hexol Balt, 3Cu(0H) 2 .Mn80 4 . H. Vohl studied the isomorphous 
mixtures of copper sulphate and ammonium manganous sulphate. 

In opposition to G. Klatzo, J. W. Retgers found that the beryllium manganous 
sulphates crystallize separately from a mixed soln. at 25°, in the form of the tetra- 
hydrates P. B. Sarkar and N. Ray prepared Mumwiinm beryllium manganous 
fluosulphato, (NH 4 )2BeF 4 .MnS0 4 .6H 2 0. According to C. F. Rammelsberg, when a 
mixed soln. of magnesium manganous sulphates is evaporated, a crop of colourless 
crystals of the magnesium salt first appears ; the second crop of crystals has a reddish 
colour. The first crop contains an excess of magnesium sulphate, and the second crop 
an excess of manganous sulphate. A doubtful mineral from Herrengrund, Hungary, 
was described by A. Breithaupt, and called laoserito — after M. Fauiser. The reddish- 
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or yellowish-white crystals are grouped in stalactitic forms ; the brachypinaooidal 
cleavage is distinct ; the prismatic cleavage is faint or absent ; and the basal 
cleavage distinct. The analyses of J. Molnar correspond with (Mg,Mn)R0 4 .6H 2 0, 
with the ratio MnO : MgO approximately 20 : 5*5 by weight. The sp. gr. is 1-888 
and the hardness 2-0 to 2*5. Aooording to K. Ballo, and M. II. Hey, fauserite 
is an isomorphous mixture of magnesium and manganous sulphates, for when a 
mixed soln. of the component salts is allowed to crystallize between 18° and 21 n , 
isomorphous mixtures with all proportions of the two components can be obtained. 
R. Hollmann said that only one series of triclinic crystals is formed, probably of the 
pentahydrate H. Vohl obtained isomorphous mixtures of ammonium magnesium 
manganous sulphates, and of potassium magnesium manganous sulphates. 

Hydrated manganous sulphate was shown by (\ F. Rammclsberg, W. Rtorten- 
bekor, etc , to form several seiies of isomorphous mixtures with hydrated zinc 
sulphate, nit hough the individual salts between l) u and 39" do not form isomorphous 
hydrates Thus, R. Hollmann, and R. Sahmcn showed that while inonoclimc 
heptahydrated manganous sulphate passes at about H-8 n into triclinic pentahydrate, 
and at about 26-6 into rhombic tetrahydrate ; and rhombic heptahydraterl 
zinc sulphate at about 38-75° forms the monoclimc hexahydrate, yet the complex 
series of isomorplious mixtures of the zinc manganous sulphates indicated in 
Figs, loti to 110 is formed at the temp indicated. Here rl refers to rhombic 
(Zn,A!n)S0j 7H 2 0 ; ml, to niunoclinie (Zn,Mn)80 4 .7H 2 0 ; w6, to monoclinic 
(Zn,Mn)S0 4 6H 2 0 ; /5, to triclinic (Zn,Mn)80 4 5H 2 0 , and r4 to rhombic 
(Zn,Mn)8() 4 IH 2 (). R Hollmann studied the decomposition of the isomorphous 
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Klfss 100 to 110. “IsomnrphouR Mixture** of Znir and Manganous {Sulphates. 

mixtures vide supra. The mineral mooreite from Sterling Hill, New Jersey, 
described by L. H. Bauer and H. Berman, is clear glassy and white, and has 
the composition 7R(0H) 2 .RS0 4 .4H 2 0, where R--Mg : Mn : Zn--4 : 2 : 1 ; and 
5-mooreite is bluish-white, with the composition 6R(0H) 2 .RS0 4 4Hn() f where 
R- Mg : Mn : Zn~-5 : 3 : 4. Mooreite is monoclinic, with a perfect cleavage parallel 
to (010) ; the hardness is 3 ; and the sp. gr. 2-470. The optical character of the 
biaxial crystals is negative ; the optic axial angle 2F-- 50 r ; and the indices of 
refraction a-- 1-533, p^ 1-545, and y—- 1-347. Granular 8-mooreite has an imper- 
fect cleavage ; the hardness is 3 ; and the sp. gr. 2-665. The optical character of 
the biaxial crystals is negative ; the optic axial angle 2F---40* ; and the indices 
of refraction a=l-570, 0—1-584, and y-- 1-585. H. Vohl reported the formation 
of ammonium zinc manganous sulphate, 2(NH 4 ) 2 S0 4 .ZnSO 4 .MnS0 4 .i2H 2 0 ; 
potassium zinc manganous sulphate, 2K 2 S0 4 .ZnS0 4 .MnS0 4 .12H 2 0 ; and mag- 
nesium zinc manganous sulphate, MgS0 4 .ZnS0 4 .MnS0 4 .21H 2 0. 

A mineral from Lagoa Bay, South America, was regarded by J. Apjohn as a 
manganous alum and called by E. F. Glocker apjohnite — after J. Apjohn. It also 
occurs in Alum Cave, Tennessee. Its composition, according to analyses reported 
by J. Apjohn, R. J. Kane, H. Ludwig, W. G. Brown, and C. F, Rammelsberg, 
approximates manganous al umini um sulphate, MnS0 4 .Al 2 (S0 4 ) 3 .24R 2 0, but this 
result is probably influenced by an attempt to emphasize the analogy with the 
alums. R. M. Caveu and T. C. Mitchell found the conditions of stability of this 
compound, Al 2 (S0 4 )3.MnS0 4 .22H 2 0 ? at 30° to be those indicated in Fig. Ill ; it 
occurs as a solid phase in acicular crystals, between the aluminium sulphate and 
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manganous sulphate curves. Apjohnite occurs in transparent needles with a silky 
lustre, and they are thought to be monoclinic ; it also occurs in fibrous or asbestos- 
like masses, and as crusts or efflorescences. Its colour is white with a faint tinge 
of rose, green, or yellow. The sp. gr. is 1-782, and the hardness 1-6. It tastes like 
ordinary alum. A related magnvso-manQanous alum occurs in a cube near the 
Bushman (Rosjesman or Boschjesman) river. South Afrira, and it is hence called 
bushmanite, or Imrhjannanite, bonjcsmamte, or busrhinannitc. Analyses reported 
by F. Stromoyer, J. L. Smith, and G. A. Kenrgott agree with the formula for 
magnesium manganous aluminium sulphate, (Mg,Mn)80 4 .Al 2 (S0 4 ) a 22 or 24H 2 0. 

There is also a similar mineral from Maderancrthal, Switzerland, and called 
keramohalite. It also occurs at Alum Point, Utah. L. D. Gale at first regarded 
the Ctnh mineral as a manganous alum. 
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Pic*. 111. — Tlie Ternary S\Bteni : 
A1 2 (S0 4 ) 3 MnS0 4 at 30 f . 



Pm. 112 -The Equilibrium ol Thullouh 
and Manual juua KulphutoH. 


F. R. Mallet melted a mixture of manganous and thallous sulphates in equi- 
molar proportions, and obtained reddish-white, cubic crystals of thallous manganous 
disulphate, Tl 2 Mn(S0 4 ) 2 . A Benrat h’s results arc summarized in Fig. 1 12. Arcord- 
ing to F. R. Mallet, the disulphate is stable in air. A. E. 11. Tut ton obtained well- 
defined crystals of the hrsahydratc, TLMn(S0 4 ) 2 .GH i: 0. The hololiedrul, mono- 
clinic prisms have the axial ratios a : b : r -0-7454 : 1 : 0-4964, and /J-lOO' 22'. 
The cleavage is parallel to the (OOl)-face. The topic axial ratios are 
X : if/ :oj - 6-21 3d : 8*3357 : 4-1378. The topic axial angle 2 E was not measurable 
in air, but 2V„ bad the values : 


2T 


a 


Ll- i - 

71 J 14' 71 lfi' 


b*- Tl- 

71 26' 71 41' 


Id- /'-line 

71° 41)' 71 60' 


The sp gi. is 3-685 at 2074' ; and the mol. \ol. 205*62. 
are : 



Li- 

r- 


Tl- 

a . 

. 1-5820 

1 5826 

1 5861 

I 5900 

P 

. J 5951 

1-596(1 

1 5990 

1 6035 

y • 

. 1-6041 

1 6047 

1 6084 

1-6123 


r rhe indices of refraction 


< il- jf -line 

I 5927 1 5959 

L-6003 1-6096 

10152 10186 


The general formula for 0 is 1-5786 +832324A 2 31O54lKKKX)O00A“ 4 -| ’"and the 
formula applies for the a-index if J *5786 be reduced by 0-0135 ; and for the y-index 
if 1*5786 is increased by 0*0088. The sp. refractions with the /i 2 - formula 
arc 0*0906, 0*0923, and 0*0934 respectively for the a and y-rays; likewise 
for the mol. refraction by the p 2 -formu]a respectively 08*68, 69*96, and 70-79 ; 
and liy the p -formula respectively 119*80, 122-55, and 124-34 -the mean value 
being 122-23. By heating manganic chromic sulphate, A. Etard obtained a green 
powder of what he regarded as manganous chromic sulphate, MnS0 4 .Cr 2 (B0 4 )a. 
There are also complexes of manganous sulphate with ferric sulphate (q.v*), and 
isomorphous mixtures with ferrous sulphate (q-v.). 
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§ 28. The Higher Manganese Sulphates Manganic Alums 

According to L. Oarius , 1 manganosic oxide dissolves in cold, cone, sulphuric 
ncid, or in an acid diluted with twice its weight of water, forming a columbine-red 
soln, which becomes carmine-red when diluted with water. If one part of pyrolusite 
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is heated with 13 parts of cone, sulphuric acid until half the available oxygen is 
evolved, and the mass then projected into cold water, a bright red soln. is obtained. 
R. Phillips found that native manganic hydroxide does not dissolve in sulphuric 
acid under these conditions, and L. Carius obtained a similar result with dil. 
sulphuric acid and artificial manganic hydroxide free from manganous hydroxide ; 
but curiously enough, if manganous hydroxide is also present dissolution occurs, 
and a deep red soln. thought to contain manganosic sulphate, Mn 3 (S0 4 ) 4 , is formed. 
If cone, sulphuric acid acts on manganic hydroxide, manganic sulphate is formed. 
The red soln. of manganosic sulphate precipitates hydrated manganese dioxide 
when heated, and, without evolving oxygen, manganous sulphate is formed. 
C. Froinherz observed that reducing agents— -sulphur dioxide, nitrous acid, stannous 
chloride, ferrous sulphate, and mercurous nitrate- decolorize the liquid and form 
manganous sulphate. Acetic acid, alcohol, naphtha, turpentine, lavender oil, and 
starch act similarly; oxalic acid, gum, tartaric acid, and hydrochloric acid and 
water turn the liquid brown before deoolorization ; and arsenic trioxide gives a 
brown precipitate. V. F. Sclionbein observed the red soln. is decolorized by 
hydrogen dioxide. 

0. F. Behringer, W. Lang, II. Merzbaqh and J. F. Smith, and K. Puls considered 
the sulphates of ter- and quadrivalent manganese to be formed as intermediate 
stages in the reduction of potassium permanganate dissolved in cunt*, sulphuric 
acid. L. Carius prepared manganic sulphate, Mn 2 (S0 4 ) 3 , bv triturating natural 
or, better, artificial manganese dioxide with cone, sulphuric acid, and heating 
the mush gradually to 138°. The evolution of oxygen ceases at 11()\ and the 
mass is then greyish- violet ; at 115 to 118“ it darkens in colour; and at 138 
it becomes dark green. The mixture is poured on a porous tile to remove the 
sulphuric acid, and the lesidue is rubbed m a mortar with warm, cone, nitric acid 
- free from nitrous acid. The acid is then removed by spreading the mixture on 
a porous tile, and the treatment repeated half a dozen times. The product is 
warmed in a porcelain basin on an oil-bath at 130 until vapours are no longer 
given off, and then preserved in dry. sealed tubes. Manganic hydroxide free from 
manganous oxide can be heated w-itli cone, sulphuric acid at 100°, and then similarly 
treated. According to JB. Franke, manganic sulphate can be prepared by warming 
a mixture of 8 grins, potassium ]>^rmanganute and 100 e c. of sulphuric acid, when 
some oxygen is given off, and an acid sulphate is formed If heated to a higher 
temp., the mixture becomes green. The excess of sulphuric acid is removed by 
suction on a porous tile, and by heating the product on a sand hath. K. ElbH, and 
F. Gocrhig obtained the solid by the electrolysis of a soln. of manganous sulphate 
in 8.M-H2SO4 with platinum electrodes. 

Manganic sulphate is a dark green, amorphous powder which can be heated to 
160^ without decomposition, but at a higher temp, it is decomposed into sulphuric 
acid, oxygen, and manganous sulphate. G. Beck gave 3*24 for the sp. gr., 122-8 
for the mol. vol., and 85 Cals, for the heat of formation from the oxides. A. Chile- 
sotti measured the e.m.f. of cells of the types : ft | Soln.Mn 111 -| Mn 1 * | 2N-H 2 S0 4 , 
Hg 2 S0 4 |Hg, and Ft | Soln.Mni v +Mn»i | 2.V-H 2 S0 4 ,Hg2S0 4 | Hg, and ealculated 
the normal potential Mn” ->Mn ”=1-55 volts; and the normal potential for 
Mn” ‘—-1-65 volts. These high values explain the powerful oxidizing 

action of electrolytically oxidized soln. of manganous sulphate. For G. Grubc 
and K. Huberich a observations on the oxidation potential, and the hydrolysis, 
vide supra , manganous sulphate. R. II. Weber said that the atomic magnetism 
of manganic sulphate is less than 0*01 15. According to L. Farms, the salt is very 
hygroscopic, and small quantities of the salt deliquesce in a few seconds in uir to 
form a clcai, violet soln. which soon becomes brown and turbid owing to the separa- 
tion of hydrated manganese oxide. With u huge proportion of water, a brownish- 
black mass is funned ; and with a small proportion of water, heat is developed, 
the mixture becomes reddish -brow-n, and then forms hydrated manganese oxide 
and sulphuric acid. B. Franke added that with water, the salt decomposes into 
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sulphuric acid, manganous sulphate, and a mixture of manganous oxide and 
manganic acid; dil. sulphuric acid forms the acid salt indicated below; and 
L. Carius added that dil. acids act like water With cone, sulphuric acid and a 
little water, the salt forms a reddish-brown basic salt, without much passing into 
soln. ; with cone, sulphuric acid, the green salt can be heated up to nearly the 
b.p. of the acid without decomposition, and, with the boiling acid, it gradually 
dissolves as manganous sulphate with the evolution of oxygen Traces only of 
manganic sulphate dissolve in cold, cone, sulphuric acid to form a bluish-violet 
soln., and with the hot acid a violet soln. iB formed. A. Rchumnck found that a 
litre of 73/-, 83/-, 103/-, 123/-1I 2 iS0 4 dissolves respectively 8*63, 1*71, 0*20, and 
0*26 grms. of manganic sulphate. On standing, the amount 8*63 grms. in soln is 
reduced to 7*20 grms. by hydrolysis and precipitation. In the presence of an 
excess of potassium sulphate, 0*64 grm. is dissolved. Manganic sulphate does not 
dissolve in cold, cone, nitric acid, but at 100° it becomes brown ; it forms a brown 
soln. with cone, hydrochloric acid, and chlorine is given off. It behaves towards 
organic substances like a mixture of manganic oxide and sulphuric acid ; tho 
action is faster if the temp, be raised K. F. Ochs measured the electrode potential 
of soln. of manganic sulphate in sulphuric acid. 

14. Franke found that if 8 grins, of potassium permanganate and 100 c.c. of 
cone, sulphuric acid arc warmed up to about 70°, not over 100 c , some oxygen is 
evolved, and on cooling manganic dihydrotetrasulphate, Mn. s (S0 4 )3.IT i 80i.4H 2 0 p 
separates out. The sulphuric acid is poured off, and Ihe product washed with 
alcohol, and ether. The dark reddish-brown crystals lose .sulphuric acid and water 
when heated, and form green manganic sulphate. If treated with a little water, 
equimolar parts of manganous sulphate, hydrated manganese dioxide, and sulphuric 
acid are formed. Hence, B. Franke represented the constitution of the salt by 
Mn H (S0 4 ) 2 -Mii i 'S () 4 HoS 0 4 .4H 2 0. When treated with dil. sodium carbonate, 
brown manganic oxide is formed. Soln. of manganic sulphate in sulphuric acid 
were prepared electrolytically by E. Frei, and A. (.’hilesoiti. A 4 per cent. soln. of 
manganous sulphate in sulphuric acid, of sp. gr. 1*453, was electrolyzed at 60° with 
a platinum anode and a current density of 4 amp. per sq. dm. The anodic liquid 
was contained in a porous pot. After some days, a large part of the salt separated 
out in tabular crystals. 

V Lepierrc prepared ammonium manganic tetrasulphate, (NH 4 ) 2 KS0 4 .Mn 2 (.S0 4 ) a , 
or anhydrous manganic alum, by adding a mixture of equal vols. of nitric and 
sulphuric acidR to ammonium manganous trisulphate, in the presence of an excess 
of ammonium sulphate. The crj'stals can be purified by successive treatment with 
hot, cone, sulphuric acid, glacial acetic acid, and dry ether. W. Lang prepared 
this salt by electrolyzing in an anode cell, lined with lead, a soln of ammonium 
manganous sulphate, by a current density of 3*5 amp. per sq. cm (\ Lepierrc 
found that the violet-brown, hexagonal crystals have a sp. gr. of 2* It) at 11“ ; they 
are decomposed by water, forming manganic oxide : they are insoluble in ether, 
benzene, and cone, sulphuric acid, but they dissolve in a mixture of equal vols. 
of sulphuric acid and w'ater. When heated alone or in the mother-liquor, the salt 
decomposes with the evolution of sulphur dioxide and oxygen, and a soln. of 
ammonium manganous sulphate is formed. According to E. Mitscherlieh, if pyro- 
lusite be heated with cone sulphuric acid, and the red soln. be treated with ammonium 
sulphate, the liquid furnishes dark red, octahedral crystals of what were regarded 
as the tetracowhydratc, or ammonium manganic alum, (NH 4 ) 2 S0 4 .Mn 2 (S0 4 )3.24H 2 0, 
that is, NH4Mn(S04) 2 .12H 2 0 ; but 0. T. Christensen showed that something is 
wrong with the inference, for the products contained not 24H z O but rather 8 to 
10H 2 0. Indeed, in order to prepare the manganic alum with 24H 2 0, it is necessary 
to work at a low temp., say —25° to -30 , for the salt is unstable at ordinary 
temp, and melts in its water of crystallization. The alum is obtained by dissolving 
1-32 grms. of ammonium sulphate in 30 c.c. of dil. sulphuric acid (1 : 3), and mixing 
slowly, with stirring, with 5*36 grms. of powdered manganic acetate. The soln. is 
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cooled in a platinum dish by means of a mixture of solid carbon dioxide and ether. 
The coral-red, crystalline precipitate cannot be filtered from the mother-liquor at 
ordinary temp., and the cold mush of crystals and mother-liquor is poured on a 
porous tile previously cooled by the same freezing mixture, and kept in a cooled 
vessel for an hour. The crystals of the ammonium manganic alum at ordinary 
temp, melt in a few minuteB to a liquid which is almost black in colour. The salt 
is decomposed by water, like manganic salts in general. 

According to R. J. Meyer and H. Best, if sulphuric acid be added to a soln. of 
potassium permanganate in acetic acid, keeping the liquid cool, potassium man- 
ganic tetrasulphate, KgSOj.M^tSOJs, or potassium manganic alum , is quantita- 
tively precipitated. The crystals are washed with acetic acid, and dried over 
sulphuric acid, and potassium hydroxide. B. Franke obtained the same salt by 
adding water and potassium permanganate to the green mother-liquor obtained m 
the preparation of manganic dihydrotetrasulphate (q.v.) and wanning the mixture, 
when oxygen is given off and reddish-brown crystals are deposited. These are 
separated from the mother-liquor on a porous tile ; washed with alcohol, and ether ; 
and dried by warming them. R. J. Meyer and H. Best found that the salt dissolves 
in cone, sulphuric acid, forming a violet soln. ; in moderately cone, acid, forming 
a red soln. : and in dil. sulphuric acid, farming a brown soln. from which colloidal 
manganic hydroxide deposits. E. Pietscli and co-workers discussed the 
efflorescence of crystals of manganese-alum. When the salt is heated, B. Franke 
observed that it decomposes into manganous sulphate, sulphur Irioxide. and oxygen 
It is deliquescent in moist air, forming a red soln. ; and it is decomposed bv u.itcr 
into sulphuric acid and a 1 : 1 mixture of manganous sulphate and manganic 
acid. E. Mitscherlich’s preparation of the manganic alum is wrong, because 
0. T. Christensen was able to prepare the telracosi hydrate , K 2 H0 4 .Mn.i(K0 4 ) (t . 
24H 2 0, or KMn(S0 4 ) 2 .12H 2 0, as in the case of ammonium manganic alum, from 
soln. cooled to a low temp. F. G. Berend described the attack of crystals of man- 
ganic alum by an ethereal soln. of ferric chloride, B. Gossner and M. Arm prepared 
a potassium manganic oxysulphate, analogous to voltaite, and hence called mangani* 
voltaite. 0. T. Christensen prepared rubidium manganic tetrasulphate an a 
tetracosi hydrate, or rubidium manganic alum , Rb^SO^MnolSO^.^HoO, or 
RbMn(S0 4 ) 2 -12H 2 0, by the method employed for the ammonium manganic alum. 
The salt rapidly loses water of crystallization at ordinary temp. A. Piccini elec- 
trolyzed, at 0 J to If) 0 , a soln. of equal parts of manganous and eajsium sulphales in 
15 times their weight of 25 per cent, sulphuric acid. A platinum anode was used. 
The cathode liquor consisted of 25 per cent, sulphuric acid and was separated by 
a parchment diaphragm. A coral-red, crystalline powder of ceesium manganic 
tetrasulphate as ft tetracosihydrate , or ccesium manga nw alum , Cs 2 80 l .Mn li (S04); { . 
24H 2 0, was thus obtained. 0. T. Christensen also prepared the salt by the process 
used for the ammonium manganic alum, but working at 0° to 5°. The coral-red 
crystals belong to the cubic system. Their refractive index for red light is l-446(> 
to 1-4793. The crystals are decomposed by water with the separation of hydrated 
manganic oxide. They form a brown soln. with cold hydrochloric acid ; with dil. 
sulphuric acid they form a wine-red soln. ; and with cone, sulphuric acid, a violet - 
red soln. A. Piccini said that the salt melts in its water of crystallization at 40°, 
but it loses water below this temp. The crystals can be preserved in a closed 
vessel at ordinary temp., but not in air. J, L. Howe and E. A. O’Neal said that 
they were unable to prepare ammonium, rubidium, and ceesium manganic alums 
by the electrolytic process. 0. T. Christensen obtained thallOUS manganic tetri* 
sulphate as a tetracosihydrate , or thallous manganic alum , TlgSO^.M^fSO^^HgO, 
or TlMn(S0 4 ) 2 .12H 2 0, as a coral-red crystalline powder, by the method employed 
for ammonium manganic alum. 

A. Etard prepared aluminium manganic trisulphate, Mn 2 (S0 4 )3.2Al 2 (S0 4 )3, or 
MnAl(B0 4 ) a , by heating at 250° a cone. soln. of manganous and aluminium sulphates, 
in the theoretical proportions, with a mixture of equal vols. of sulphuric and nitric 
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acids. The violet Main, deposits the salt in a short time as a blue crystalline pre- 
cipitate which is sparingly soluble in water, and it is decomposed by that liquid. 
He oIbo obtained chromium manganic trisulphate, Mn 2 (S0 4 ) 3 .Cr 2 (B0 4 ) 3 , or 
MnCr(S0 4 ) 3 , as a green crystalline precipitate, by oxidizing manganous sulphate 
with chromic acid in the presence of sulphuric acid, as in the case of the aluminium 
manganic sulphate. If the soln. of chromium manganic sulphate be cooled before 
crystallization occurs, the salt crystallizes out with a mol. of sulphuric acid to form 
chromium manganic trisulphatohydrosulphate, CrMn(S0 4 ) 3 .H 2 S() 4i in brown 
plates. A similar compound with ferric sulphate (g.v.) was formed. 

E. Frcmy, C. F. Bohringer, W. Lang, H. Merzbach and J. F. Smith, and K. Puls 
regarded manganese disulphate, Mn(S0 4 ) 2 , as well as manganic sulphate, 
Mn 2 (S0 4 )3, as intermediate products of the reduction of potassium permanganate 
dissolved in cone, sulphuric acid. M. Sem said that soln. of manganous sulphate 
in dil. sulphuric acid when electrolyzed with a double anode — one plate of 
manganese and one of platinum— furnished a soln. of manganese disulphate. It 
is also said that soln. of manganous Bulphate are oxidized according to the scheme : 
MnS0 4 -^Mn 2 (8() 4 ) I ,-»Mn(S0 4 ) 2 ->|Mn 5£ (8() 4 ) 7 ]->HMn0 4 . A. N. Campbell did not 
observe the formation of the disulphate in his Rtudy of the electrolysis of sulphuric 
soln. of manganous sulphate. For (1. Grube and K. lluberich’s observations on 
the oxidation potential, and the hydrolysis of this salt, vide supra , manganous 
sulphate. According to F. Weckbach, the disulphate cannot be isolated, and it 
exists only in soln. of sulphuric acid. The Badische Amlin- und Bodafabrik found 
that sulphuric acid of sp. gr. 1 *381 dissolves 15 per cent., and an acid of sp. gr. 1-616, 
i to 5 per cent. F. Weekbacli observed that if the soln. he well cooled, crystals of 
Mn 2 (SU 4 ) n .H 2 S(J 4 .8lL,0 arc formed. E. Fremy obtained an acid salt of quudri- 
valent manganese by the action of 70 per cent, sulphuric acid on potassium per- 
manganate ; which was for a time regarded as manganic disulphate, Mn(S0 4 ) 2 . 
It is probably an oxyaulphutc. The Badische Anilin- und Sodafabrik obtained a 
basic salt, manganese Oxysulphate, Mn0 2 .S0 3 , or Mn()(S0 4 ), by electrolyzing a 
soln. of manganous sulphate in sulphuric acid, at about 60 , by moans of a lead 
cathode in sulphuric acid; the anode may he of lead, but if it be manganese or 
ferromanganese, a salt of manganese need not be dissolved in the acid, which is then 
used in a more concentrated state than before. In another process, a hot sulphuric 
acid soln. of manganous sulphate is treated with lead dioxide ; or 70 per cent, 
sulphuric acid is added to a mixture of potassium permanganate and sodium 
sulphate. The Halt is obtained in the solid state by separately adding powdered 
manganous sulphate and potassium permanganate to hot 55 per cent, sulphuric 
acid ; on cooling the salt separates as a black mass. The salt and soln. arc decom- 
posed by water ; and when the sulphuric acid soln. is poured into fuming sulphuric 
acid, manganic sulphate is precipitated and oxygen is evolved. 

According to E. Fr^my, if a cone. soln. of manganous sulphate be poured into 
a soln. of manganese oxysulphate, hexagonal plates of a manganese tetrasolphate, 
Mn0.Mn0 2 .4SO 3 .9H 2 <), or MnS0 4 .Mu(H0 4 ) 2 .H 2 S0 4 .8H 2 0, are formed ; and also 
by adding alcohol to the same solu. 0. T. Christensen obtained the salt by the 
action of sulphuric acid on manganic acetate or phosphate. According to E. Frcmy, 
the deliquescent crystals are decomposed by heat, water, and paper, and must 
therefore be freed from the mother-liquor by pressure on a porous tile. The salt 
forms a rose-coloured soln, with dil. sulphuric acid ; it is decomposed by alkalies, 
and the precipitate gives up a good proportion of manganous oxide to a soln. of an 
ammonium salt. The salt is not therefore a manganic sulphate. 

When warm and moderately cone, sulphuric acid is treated with potassium 
permanganate until no more salt is dissolved, and the mixture is heated, claret- 
red crystals of potamam m a n g anic hemcosisalphate, 5K 2 S0 4 .2Mn 5 (S0 4 )8, are 
formed. The crystals are washed with absolute alcohol, and ether, and dried at 
ordinary temp, This salt dissolves in dil. sulphuric acid to form a brown soln., 
and in cone, sulphuric acid to form a violct-bluc soln. ; and it decomposes on 
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heating into potassium and manganous sulphates, oxygen, and sulphur dioxide ; 
and when treated with much water it furnishes a soln. of manganous sulphate 
and hydrated manganese dioxide. B. Franke represented it by the formula 
Mn-r-(S0 4 ) 2 “(Mn)9 =(y 0 4 ) 2 =Mn. 5 K 2 S 04 . N. Bjerrum and G. H. Hansen could 
not prepare a chromic manganic halogcnosulphate like those obtained with tervalent 
aluminium, chromium, and iron. 
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§ 24. Manganese Carbonates 

In 1782, T. Bergman 1 referred to a magnesium acido aereo mineiahsalum ; 
I), ft. J. Lenz, 12 years later, to Luftsaures Braunstcincrz ; and R. J. Hauy, to 
manganese oxyde carbonate. These minerals were manganous carbonate, Mn( 'Og, 
and in the last part of the eighteenth century the mineral carbonate was in many 
cases confused with the silicate. The carbonate received many other names. 
Thus, A. Breithaupt called if Rosenspat , and Himbcerspat ; A. 6. Werner, Mangan - 
spat — manganese spar — and Rotter Braunstein ; F. Mohs, makrotyper Parachrosbaryt , 
and isomeirischer Parachrosltaryt ; and J. F. L. Hausmann, Dichter Rolspat , and 
also rhodochrosite — from poSov, a rose, and vpaWs*, colour. C. F. Jasche, and 

E. F. Germar called it dialogite-- from 8taAoyi|rdoubt ; and F. 8. Beudant, diallo- 
gite. E. Dittler described pebbles of manganodolomite from the Eons, Upper 
Austria. Analyses of the mineral were repbrted by L. Baric and F. Tuean, C. Berge- 
mann, P. Berthier, A. Bimbacher, P. E. Browning, A. Bukowsky, V. C. Butureanu, 
G. Flink, H. von Foullon, A. Frcnzel, C. L. Gruner, T. Haege, E. Hildenbrand, 
T. S. Hunt, C. von John, R. J. Kane, G. A. Kenngott, ft. M. Kerstcn, L. L. de 
Koninck, F. Kossmat and 0. von John, K. von Kraatz-Koschlau, J. A. Krcnncr, 

F. Kretschmer, G. F. Kunz, A. Lacroix, M. Lienau, II. Ludwig, E. Manassc, 
F. Milloscvich, W. Ortloff, S. L. Penfield, P. Poni, F. Sandberger, F. Sansoni, 
A. Schwager and C. W. von Giimbel, M. von Sill, F. Stromeyer, V. Vesely, 
E. T. Wherry and E. S. Larsen, K. Zimanyi, and H. Zinkeisen. Iron carbonate is 
usually present ; sometimes the carbonates of calcium, magnesium, and zinc ; and 
rarely cobalt carbonate. 
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The man yatuunderUe o £ F. Bayer j'h a variety of sidorito containing manganese curbunate ; 
a calcareous variety described by W. T. Roepper was railed rotpprrik by G. A. Keiingutt ; 
other calcareous varieties described by A. des Clnizeaux, J. A. Krennor, ('. F. ItaminclHlierg, 
A. Bukowsky, and M. Woibull were called manyanorulrifr ; a zinciferous variety was called 
sine rhodochrositc by E. Manasso ; and a ferruginous variety was culled pan tie - after 
P. Poni— by V, <\ Buturoanu. M. Lienau called a variety from V mile Aun\ rivllaurUe ; 
another variety from Vicllo Aure, torreMttv : another variety from Viclle Auro, hurotiite 
after A. Lacroix ; another variety from Viello Auro, fnhokohnhrtPt< tn ; nud one from Huelva, 
huelritf. These five varieties of M. Lienau are probably mixt arcs. A. Bukovsky described 
large*, cleavoble masses of n white mineral with a rosy tinge which he railed kutnohoMr ; 
its composition corresponds with Tt'aCOj.ftMnrOj.FcrOj.aMgTOj. 

Pscudomorphs of rhocloehrosito after various minerals have been examined 
by A. E. von Roush, »T. R. Blum, V. H. \on Zepliarovich, A. Frenzel, and E. Doll ; 
and the mode of formation of the mineral in natuie has been diseased by A. Bcrgeat, 
and F. Kossmat and (\ von John. Manganese carbonate mutating the mineral 
was prepared by il. de Rennrmont by heating a mixture of manganous chloride and 
calcium carbonate in a sealed tube at 1 Ti(J * for 18 lira. ; by treating manganous 
chloride with sodium carbonate at lf»O r ; and by slowly driving carbon dioxide 
from a mixed soln. of manganous chloride and sodium hydror.irbonale saturated 
with carl ion dioxide. The pale pink crystals so formed have a composition corre- 
sponding with MnCO;). F Iloppe-SeyJcr obtained microscopic rhombohedra of 
manganous carbonate by the action of calcium eiiibonate on a soln. of manganous 
sulphate at 200’. E. Weinsehenk obtained similar crystals bv beating a mixture 
of manganous sulphate and urea at 160' to ISO" for ail hour. A. de Seliulten 
obtained small crystals whose analysis agreed with MnC0 3 by the action of 
ammonium carbonate on a soln. of manganous chloride heated on a water-bath; 
and also by warming a soln. of manganous carbonate in water saturated with 
carbon dioxide. The anhydrous salt was also obtained by dehydrating 1 he hydrated 
carbonate ; L. Joulin said that if the hydrated salt is precipitated by sodium 
carbonate in the cold, and dried at GO ’, over quicklime, its composition is MnCOg. 

R. Laming, and E. Prior obtained hydrated manganous carbonate by treating 
a manganous salt soln. with ammonium carbonate; and 11. Tamm, and 
CV R. FrcRcnuih noticed that even if ammonium chloride be present, the precipita- 
tion is complete. It. Laming also observed that a precipitate of manganous car- 
bonate containing no hydroxide is produced by sodium hydrocarbonate ; and 
E. Prior added that the precipitation with sodium hj drocarbonate occurs only 
when the soln. lias stood for some time, and carbon dioxide is given cdT. H. Moissan 
prepared the hydrated carbonate by adding sodium hydroearbonale to a soln. of 
manganous chloride saturated with carbon dioxide, and washing the pioduct with 
water saturated with carbon dioxide. According to R. Laming, if the precipitant 
sodium carbonate is not in excess, manganous carbonate alone is precipitated, 
but if an excess is employed, the precipitate loses some carbon dioxide to form 
sodium hy drocarbonate ; but E. Prior added that manganous carbonate alone is 
precipitated with or without un excess of sodium carbonate provided air be excluded, 
but if air be present some hydrated manganosic oxide is precipitated as well as 
manganous carbonate. According to A. lire, E. Turner, and E. Prior, the com- 
position of the precipitated carbonate, dried in vacuo, is the hcouhydratr , 
2MnC0 3 .H 2 0 ; and if dried in air, G. Forchhammer, and E. Prior found the com- 
position is the rnonohydrale, AInC0 3 .H 2 0. J. Lefort said that if manganous car- 
bonate is precipitated from a hot or cold soln. of a manganous salt by alkali 
carbonate or hydrocarbonate, the composition is Mnr0 3 JL(). According to 
H. Rose, the precipitate obtained with soln. containing a mol ot t odium carbonate 
and a mol of manganous sulphate, each in 10 parts ot water, has the composition 
of Mn0.8C0 2 .5H 2 0 if precipitated from cold soln., and liMn0.10C() 2 .4H 2 0 if 
precipitated from hot soln. ; if the two soln. contain ten times as much water, 
the precipitates with cold and hot soln. have the compositions respectively 
9Mn0.8C0 2 .5H 2 0 and 6 Mii0.5C0 2 .2H 2 0. 

According to L. Joulin, when soln. of manganous chloride, sulphate, or nitrate 
VOL. 2CII. 2 F 
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are treated with sodium carbonate, the precipitate may be manganous hydroxide 
or carbonate or a mixture of the two, according to the conditions. If the man- 
ganous salt soln. be poured into the soln. of sodium carbonate at ordinary temp, 
with equimolar parts of the two salts and dilutions up to 1 : 200, flocculent man- 
ganous carbonate is precipitated ; but with higher dilutions the precipitate will 
contain manganous hydroxide and this the more the greater the dilution. The 
filtrate contains sodium hydrocarbonate. The precipitate remains white if air 
be excluded, but it becomes brown on exposure to air. If the Bodium carbonate 
be in excess and very cone. soln. arc used, manganouR hydroxide is formed, and 
this is also the case when the cone, manganous salt soln. is dropped on solid sodium 
carbonate ; if the action occurs in vacuo, curhon dioxide is evolved, and re-absorbed 
by the Boln. of sodium carbonate to form hydrocarbonate. If the manganoiis 
salt be in excess and cone. soln. are employed, manganous carbonate is formed ; 
but if the dilution exceeds 1 : 500, some manganous hydroxide is formed, and this 
the more the greater the dilution. Only a trace of hydroxide is formed at 0° if 
40 mols. of sodium carbonate are present per mol of manganous salt ; but at 100° 
3 mols. of manganous carbonate per mol. of sodium carbonate must be present in 
order to obtain manganous carbonate alone -if equimolar proportions are present, 
appreciable quantities of hydroxide are formed. The formation of the precipitate 
occupies a certain time ; with equimolar parts and a dilution of 1 : 1000, the pro- 
portions of sodium carbonate decomposed are : 

i 2 4 7 13 3(1 (111) h 

Na 2 C0 3 decomposed . 76-85 79-88 86-56 87-28 92 67 94 90 j>or cent. 

The speed of the reaction is retarded by reducing the concentration of the soln. ; 
by the presence of sodium sulphate ; by reducing the teiup. ; and by adding an excess 
of either reacting salt— vide infra , the hydrolysis of the carbonate. II. W. Morse 
observed evidence of a periodicity in the precipitation of the carbonate. 
W. E. Adcney reported the reduction of manganese dioxide to manganous carbonate 
by bacterial fermentation. 

The colour of rhodochrositc may be various shades of pink, yellowish -grey, 
fawn, dark red, or brown. The powder or streak is white. The artificial crystals 
obtained by A. de Scbulten were almost colourless. The hydrate is snow-white, 
tasteless, and stable in air. Distinct crystals are not common, and when they arc, 
the form is usually rhombohedral, with more or less rounded and striated faces. 
Rhodochrositc occurs also in compact, granular, or cleavable masses ; it may be 
globular or botryoidal with a more or less distinct columnar structure ; and it may 
occur as an incrustation on other minerals. According to F. Sansoni, the crystals 
arc sealenohedral and trigonal with the axial ratio a : c- 1 : 0*81840, while A. de 
Schulten gave 1 : 0-8259, and a -J02 L 00'. F. Rinne found that the normal angle 
of the (100)-face is 73 6 4' 8" at 16° ; 73° JO' 14" at 11T>° ; and 73° 15' 38" at 212°. 
The axial ratio was a : r— 1 : 0 81 47 at 16° ; and 1 : 0-8232 at 212°. At 300° the 
crystals broke into pieces. N. Sumlius gave 73° 2' for the cleavage, angle. The 
(loi)-oleavage is perfect. Observations on the crystals were made by C. F. Peters, 

F. Sandberger, A. des Cloizcaux, R. Nostiz, K. von Kraatz-Koschlau, S. Koch, 

G. Greim, A. Reis and L. Zimmermann, F. Ritter, E. Weiss, A. von Lasaulx, 
P. Groth, O. Lucdecke, J. S. Prcsl, V. R. von Zepbarovich, F. Millosevich, 

H. Berman and F. A. Gonyer, 0. L. Gruner, and G. Flink. A. Lacroix found 
twinning about the (llO)-plapc ; S. Kreutz studied the over-growths ; I. N. Stransky 
and K. Kulelieff, the growth of the crystals ; and G. Tschermak found that the 
corrosion figures resembled those of magnesite ; and A. lioness, that they are like 
those of calcite when the crystals are treated with salt soln. and with dil. nitric 
acid. P. Leroux said that the mineral is pleoeliroic. The erystals may have 
inclusions of pyrite, wad, Jimonite, etc. A. Johnson observed the (llJ)-plane is 
a gliding piano under a press, of 7000 atm., and K. Veit obtained n similar result 
at 12,000 atm. press. According to P. P. Ewald, J. Brentano and J. Adamson, 
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and W. L. ‘Bragg, the X-radiograms agree with a trigonal structure of the calcitc- 
type ; and E. W. G. Wyckoff found that tho length of the aide of the unit rhombo- 
hedron is a=6-03xl0“ 8 cm.; and the angle between the axes is a- 47° 46'; 
0. Mauguin gave a=3*755xl0~ fl cm., and a- ^77° 59'. M. L. Huggins, G. K. Levi, 
and P. Niggli discussed the electronic structure of the crystals. P. Krieger studied 
the X-ray diffraction patterns of the manganocalcitcs, and concluded that the 
spacing of the atomic planes varies from 3 075 A. for calcite to 2-850 A for rhodo- 
chrosite. The atomic planes are therefore more closely packed in the manganese 
minerals ; and since the manganese and calcium atoms provide the only variables 
in the series, the variation is due to the replacement of calcium atoms by manganese 
atoms in the atomic structure. J. E. Lennard-Jones and B. M. Dent calculated 
the energy required to separate a mol of a crystal into its ions, and found 750 cals. 
G. Bilibin discussed the isomorphism of the salt, 

The specific gravity of rhndochiosite given by T. S. Hunt is 3-25 ; V. Vesciy 
gave 3-312 to 3-552 ; V. M. Kersten, 3-533 ; F. Stromeyer, 3-557 ; C. L. Gruner, 
3-570 to 3-61 ; L Baric and F. Tucan, 3-570 to 3-G98 ; K. Madelung and K Fuchs, 
3-663 ; F. Sandbergcr, 3-59 ; A. Krantz, 3-660 ; (). B. Boggild, 3-606 ; and 
G. J. Brush and E. R. l)ana, 3*76. A. do Nchulten gave 3-65 for the sp. gr. of the 
artificial crystals. P. Krieger found the following values fur the '-p. gr , the 
refractive indices, and the spacing r/ lfK) of a unit lhombohedron of a series of 
niangaiiocaleites : 


MiiCO, 

. 0 

i on 

7 00 

15-40 

32-34 

42 17 

93 72 pel umiI 

Sp. gr. 

2-71!) 

2-724 

2 824 

2-8150 

3 021 

3 143 

3 710 

t 

1 4K(i 

J 400 

1 501 

1 503 

1 519 

1 -534 

1 593 

n . 

1 (158 

1-662 

1 1.72 

1 080 

1 713 

1 721 

1 817 

ft uni 

3075 

3 055 

3 020 

3 005 

2 075 

2-1)48 

2 850 A. 


II. G. F. Schroder gave 3-13 for the monohydrate at 3-9 . N. JSundius examined 
the systems CaCO-i-MnCOg, and GaMg(r() 3 ) 2 -CafFejMnJft’Oa^, and measuied 
(heir sp. gr The sp. gr. of manganese carbonate is 3-691. I J. Raslawsky studied 
the contraction which occurs in the formation of the carbonate from its elements. 
The hardness of the crystals of rhodochrosite is given as 3-5 to 4-5 ; and F PtaiT 
gave 25 for the scratching hardness on the (lll)-fuee, and 43 on the (H Hj) fact*, 
when the hardness of steatite is unity. E. Madelung and H. Fuclis gave l -3> 10 
megabars per sq. cm. for the compressibility of the carbonate. E. Janneta? found 
the square root of the ratio of the thermal conductivities in directions parallel and 
vertical to the principal axis is 1-06 ; and the crystals are thermally negative 
L. Joulin studied the dissociation pressure of manganous carbonate , he 
found that the Balt dried at a low temp in an atm. of carbon dioxide begins to 
decompose at 70‘ ; at 150 the press, of the carbon dioxide is 215 mm., which 
remains constant at that temp. If the salt be allowed to cool, the press, slowly 
returns to its initial value. Above 200” the press, rises to 2 atm., the carbonate 
becomes browm in colour, and no rc-absorption of the gas occurs on cooling. If the 
carbonate be heated to 100° and allowed to cool, the press, of the gas on a second 
heating is less than half that attained during the first heating ; udiile a third heating 
gave virtually the same value for the press, as that obtained during the second 
heuting. There was no exhaustion of the gas during these successive heatings and 
the phenomenon is explained by assuming that the carbonate suffers an inter- 
molecular change winch renders it more stable and more resistant towards decom- 
position at low temp. It must also be remembered that the carbon dioxide may be 
reduced by the manganous oxide, so that a complex series of equilibria is involved. 
Thus, MnCO a - 'MnO-f C0 2 ; 3Mn0+ C0 2 ^Mn 8 0 4 + GO ; and 2MnO J CT) 2 ^Mn a 0 s 
-\ 00. W. Mancliot and L. Lorenz found that the dissociation press, of manganous 
carbonate and the re-absorption of the carbon dioxide depend on the water 
content of the specimen, and is a result of hydrolysis. The process is reproducible 
only with samples containing an equal proportion of water. AH precipituted 
manganous carbonate retains water up to complete decomposition. J. Le fort’s 
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statement that the hydrate can ho dehydrated at about 70" is wrong; H. Rose 
also noted how water is retained with great tenacity even after the carbonato 
has lust suuw carbon dioxide. W. Mnnchot and L. Lorenz observed that n 
specimen of rhodochrosite gave a lower press. than the artificial carbonate, but if 
i in listened it reacted similarly but to, less extent. There is no evidence that a 
definite basic carbonato is formed. K. Friediich and L. G. Smith found that a sample 
of rhodochrosite from Colorado commences to decompose at 525°, and the nmximuin 
decomposition occurs at 070°, while with a sumple from Peru decomposition com- 
mences at 510° and uttains a maximum at 550 n . Jn both cases decomposition 
was practically complete at 700°. A. Beutell and 1\ Oberhoffer found that a 
sample from Freiburg suffered an appreciable decomposition at 300°. K. Griinberg 
found that the losses in weight of a sample of native manganese spar heated in a 
current of air were 0-45 per cent, in 3 hrs. at 300° and 360°- this loss is mainly 
w’atcr ; 0*86 per cent, in 3 hrs. at 400° ; 2*09, 9*56, and 41-60 per cent, in respec- 
tively 3, 9, and 12 hrs. at 470° ; while in a current of carbon dioxide there was no 
loss at 360° or 400° during 3 hrs. ; at 530Mhcre was a loss of 0-13 per cent . in 12 hrs. ; 
0-39 per cent, in 3 hrs. at 570° ; 1-59 per rent, in 3 hrs. at 590° ; and 8*33 per cent, 
in 24 hrs. ; while at 650° there was a loss of 10-58 per cent, in 3 hrs., and of 40*61 per 
cent, in 6 lirs. J. A. Hedvall said that dissociation begins at aboul 39fT and is 
complete at 595°. With W. Nernst’s theorem, O. Brill calculated for the dissocia- 
tion pressure, p, of the carbonate at T° K., log p - 23500/4 -57 lT-f 1-75 log 7'-|-3*2, 
so that for a dissociation press, of one atm. the calculated dissociation temp, is 
359° or G32 J K. ; L. Joulin found 327°. According to M. Berthelot, tlic heat of 
precipitation of manganous carbonate from a soln. of manganous chloride by 
potassium carbonate is —4-0 Cals., and the precipitate is amorphous. It develops 
in consequence of crystallization 1*6 Cals. This value is independent of the first, 
if a soln. of sodium carbonate is employed, the data arc respectively —3-7 Cals, 
and 1*4 Cals. II. le Chatclier observed that in a calorimetric bomb 3Mn('O a ) O 
-Mn 3 0 4 +3C0 2 — 27*8 Cals. M. Berthelot calculated for the heat of formation of 
crystalline manganous carbonate (Mn 1 ( 1 ,30)- 208*6 Cals. ; of the amorphous carbon- 
ate, 207*0 Cals. ; and of the naturalcarhonate, 212*7 Cals. Again, Mn(OH).j l-COi. | Aq. 

MnC0 3 -|- Aq.-| 12*0 Cals, for amorphous carbonate, and 13*6 Cals, for the crystal- 
line carbonate. Similarly, CChigm f Mn(OH) 2 — MnCOgery,* -fH 2 0+19-2 Cals. ■ 
and C0 2ga8 +Mn0--MnC0 3rryRt -| 23-5 Cals. ; and I). Muller, 27-7 Cals, or 
(Mn,C,l £Oo)--218*2 Cals. J. Thomsen gave (Mn,(),00.»)- - 113*88 Cals. ; and 
(Mn,30,C)-ll81*84 Cals. ; W. A. Roth, 218*2 Cak ; and H. le Chatelier, (Mn0,C0 2 ) 

276 Cals. ; and W. A. Roth, 279 Cals. J. 0. W. Frazer and C. E. Greider gave 
MnO-f CO*. - MnC0 3 -f 5-5 Cals. G. Beck discussed the energy of formation 

The indices Of refraction of different samples of rhodochrosite were found by 

V. Gaubert to range from a»=l*7941 to 1*8194, and €■ 1*5946 to 1*0023; 

E. T. Wherry and E. S. Larsen, o»--l-817, and c- 1*594 ; W. Ortloff, 1*5973 ; 

W. E. Ford, co- 1*8279, and €--1*5904 to 1*6057 ; and N. Sundius, for Na-light, 

€ 1*600, and w — 1*816. The subject was discussed by 1\ Niggli- vide svpra. 

\V. A. Wooster discussed the relation between the refractive index and the lattice 
structure. W. Ortloff gave 19-43 for the refraction equivalent. The birefringence 
is strong ; and the optical character negative. A. Madelung observed a feeble optical 
anomaly with a sample of rhodochrosite. There is strong pleochroism, and 
G. F. Kunz reported a sample with the ordinary ray pink and the extraordinary ray 
pale yellow. W. W. Coblentz found that rhodochrosite showed maxima in the altra- 
red reflection spectrum at 6-63/x, ll-47u, and 14-0/z. (\ Doeltcr observed that the 
exposure of rhodochrosite to radium raoiations has scarcely any effect on the colour. 
E. Engelhard! observed that some varieties have a red and others a green fluor- 
escence under the action of ultra-violet light. O. Stelling studied tlie K-series of 
X-ray absorption ; G. Dupouy, the magnetic properties ; and W. Sucksmith, the 
gyromagnetic effect. 

J. A. Arfvedson found that when manganous curbonate is heated in hydrogen 9 
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manganous oxide is formed. E. K. Schneider found that when the carbonate i.s 
heated to redress in oxygen it forms mangauio oxide ; and F. Hoppc-Seylcr. t hat 
with oxygen and steam at 200° anli) drous manganosic oxide is formed. The 
weathering of rhodnehrosite in nature was discussed by A. Bcrgeat, and F. Kosxinat 
and C. von John. A. Gorgou observed that when the dry carbonate is heated in 
air, it primarily forms manganous oxide, which then forms a higher oxide— -manganic 
oxide at below 4 2/)°. F. Hoppe-SeyJer observed that oxygen and water- vapour 
at 200° transform it into manganosio oxide. A. Gorgcu found that, at ordinary 
temp, the oxygen of air -moist or dry — gradually attacks hydrated manganous 
carbonate, forming manganic oxide and no higher oxide ; hence, he argued that the 
manganese dioxide minerals were not formed by the oxidation of the carbonate, 
as had been supposed by J. 13. J. D. Boussingault, and L. Dieulafait. M. W. Beycrinck 
did not notice any particular tendency of manganous carbonate to oxidize in air, 
for he was able to keep an aq. suspension for vears without Inking any special 
precautions, and manganous carbonate agar-agar plates may be kept unchanged 
for months with free access of air. When two pieces of filter paper with a little 
manganous carbonate between them, and moistened with a dil. soln. of ammonium 
chloride and potassium phosphate, are infected with garden soil and kept at about 
25 J , dark brown nr black spots of a manganic compound will appeal* on them alter 
some days. The characteristic reactions of the manganic compound thus pro- 
duced are the sudden decomposition of hydrogen dioxide and the oxidation of 
hydriodic acid. Bacteria and various spec ieH of mould are the cause of the oxida 
tion. These moulds belong to very different groups of the fungi, and consist of 
species of the genera Bohyfcs, Spnrocyhr , Triclwcladhm , and m partirulai of 
My coy one. Oxidation appears to occur as w*ell within as without the mycelium. 

It could not be brought about by oxydase or peroxydasc of different origin. H. Kose 
-aid that the carbonate begins to oxidize at 150°, and becomes dark brow'll ul 200 ; 
.1. Lefort found that the carbonate oxidizes at .‘300 J ; and G. Forchhammer, at 2t>0 \ 
VV. lieissig found that more oxygen is ubsoibed the longer the time the carbonate i.s 
heated in air and the higher the temp., short of 300° ; at that temp, the residue 
approximates Mn().2Mn()<>. L. Joulin said that cold water does not decompose 
manganous carbonate, but if the water be boiled with the carbonate for a lung time, 
some manganous hydroxide 1 is formed and subsequently oxidized. J. L Lassaigne 
said that, hydrated manganous carbonate is insoluble in water, but it is soluble in 
water containing carbon dioxide in soln. the solubility in 100 parts of walei 
saturated with that gas is 0-05 part of Mn( 4 () ; j. (’. von John added that 100 parts ul 

water dissolve 0-013 pari of the carbonate, while 1(H) parts of walcr with carbon 
dioxide in soln. dissolve 0-020 part of carbonate. These observations are nol 
precise enough with respect to the concentration of the carbon dioxide. According 
to F. Agcno and E. Valla, a litre of w r ater at 25 1 ' dissolves 0-005 grm. of manganous 
carbonate. Following (1. Bodlander’a observations on the carbonates of ihe 
alkaline earths, and also the observations of J. Walker and W. Cormack, and of 
K. Auerbach and li. Pick, it follows that in aq. soln. the following equilibria are 
involved: [Mif ICIV'1 I\\ ; |H’|[Hr0 3 'J - A\,| H 2 C() 3 J, where 3xl0 T ; 
LH‘JLC0 3 "J ffJlitXVJ. where A> tfxlO' 11 ; and [H s ('0 3 j A>, where 

0*03388, and the partial press, of the carbon dioxide, /?, is expressed in atm. 
On account of the* small dissociation of the llTO^-ions, and the almost complete 
dissociation of the manganous hydrocarbonate, 'iK^KoK^p - A r 3 |H(‘0 3 '| :l ; and 
A'/' 0-J43[}|( 1 () 3 '|p “t. F. Agcno and E. Valla found at 25 : 

p . . 0 8217 0-63(37 0-5298 0 0228 0-3277 0-3290 

.S' . . 0 003103 0002047 0002531 0002240 0002171 0002255 

A',’. . 0*000473 0000439 0-000447 0*000397 0 000450 0-000 1 111, 

The mean value for AY 1*45 1(1 4 , so that the. solubility product of manganous 

carbonate at 25 n is A^ -8-83 \ 10 ,l . Water alone, at 25 \ dissolves 5*659 xlO 1 
ruol. per litre at 25°, and consequently for the hydrolysis r0 3 "d k HC() 3 ' 
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+OH', [Mn"][C0 3 "]=^A r 1 ; or Ay[Mn*> 8-83x10 ^‘659x10^=1 -56x10 '7 ; 
and [HC0 3 '] -5-659xl0" 4 —0^0015Cx 10" 4 =5-657 x 10'‘ 4 , which is virtually the 
same as that of [Mn’J. This means that the degree of hydrolysis of manganous 
carbonate in uq. soln. : Mn(X) 3 +H 2 0=Mn(0H)(HC(y), is virtually 100 per cent. 
The soln. of manganese carbonate in water sat. with carbon dioxide contains 
manganese hydrocarbonate, Mn(HCO s ) 2 . E. Dittler found that quartz sand 
adsorbs 51-74 per cent, of the manganese in soln. ; china clay, 68-73 per cent. ; 
compact limestone, 72-9 per cent. ; marl, 78*53 per cent. ; and chalk, 96-53 per 
cent. In the last case there was probably some chemical replacement of calcium 
by manganese. O. Haehnel found the solubilities of the manganese carbonate 
under a pressure of 8 and 56 atm. to be respectively 0-04 and 0-08 per cent. 
R. Lyden obtained for the solubility of rhodochrosite 0-0127 grin. Mn 3 () 4 per 500 c.t\, 
ii value rather smaller than that usually accepted. L. Omdin said that a boiling 
soln. of potassium hydroxide extracts carbon dioxide and forms manganous 
hydroxide ; a soln of sodium carbonate in the presence of air was found by 
R. Laming to form a brown hydrated manganic oxide and sodium hydroearbonate ; 
and L. Joulin added that the action is extremely slow at 0°, but rapid at 100°. 
J. J. E he] men said that manganous carbonate is no more soluble in a soln. of alkali 
carbonate than it is in water alone. L. Joulin found that a soln of sodium hydro- 
Carbonate changes manganous carbonate only after a few days. Vide supra for 
H. Rose's basic salts or manganous oxycarbonates. 

F. Wohler represented the reaction with rhodoehrositc and chlorine, at a ml- 
hcat, by 4MnC0 3 +(1 2 — MnCl 2 "f Mn 3 0 4 } 4C0 2 - R. Weber noticed that the action 
on the hydrated carbonate is very slow at ordinary temp. As previously indicated, 
A. Gorgeu found that chlorine, or chlorine water, acts on manganous carbonate 
suspended in water, forming one of the higher oxides with the expulsion of carbon 
dioxide ; bromine, or bromine water, acts similarly but more slowly. R. Bdttger 
obtained a similar result by the action of a boiling soln. of calcium hypochlorite. 
Manganous carbonate is soluble in acids generally. J. A. Arfvcdson found that 
when the carbonate is heated to redness with twice its weight of sulphur, sulphur 
and carbon dioxides arc given off and manganese sulphide, accompanied by a little 
oxide and sulphate, is formed ; H. Rose observed that when heated to redness 
with powdered sulphur in hydrogen, manganous sulphide is formed. A. Voelcker 
noted that hydrogen sulphide gives no precipitate w'lth a soln. of manganous 
carbonate in carbonated water. P. de Clermont and If. Guyot found that an 
excess of ammonium sulphide transforms manganous carbonate slowly into gTecn 
manganous Bulphide, while alkali sulphides form red manganous sulphide. 
C. W. Davis studied the solvent action of sulphurous acid. F. Muck did not get 
the same result with ammonium Bulphide. E. 0. Franklin and C. A. Kraus found 
that manganous carbonate is insoluble in liquid ammonia. R. If. Brett said that 
a soln. of the carbonate in an aq. soln. of ammonium salts -cldorjde or nitrate 
does not give a precipitate with hydrogen sulphide, and G. 0. Wittstein found that 
the freshly-precipitated carbonate is soluble in soln. of ammonium salts. H. Gold- 
schmidt and K. L. Syngros found that a soln. of manganous chloride and hydroxyl- 
amine hydrochloride forms a white precipitate with sodium carbonate; when 
washed and dried, the grey powder is manganous hydroxylaminocarbonate, 
4 MnCO 3 . 3 NHoOH. 2 H 2 O, soluble in acids. According to M. Fla j Jot, manganous 
carbonate is insoluble in a suln. of potassium cyanide. J. Spillor found that the 
carbonate is not precipitated in the presence of sodium citrate ; mid A. Nuumann 
found that it is insoluble in ethyl acetate. D. Talmud and N. M. Lubman found 
that the flot ability of manganese carbonate in oleic acid or mixtures of oleic acid 
and ammonia is a maximum for W, H. Ooghill and J. B. Clemmer studied 

the soap flotation of rhodochrosite. 

According to A. £). Brokaw, amorphous manganous carbonate reacts at once 
with gold chloride with production of the dark brown hydrated dioxide. Crystal- 
lized manganous carbonate juts slowly, but after a day Iwcomcs coated with the 
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dark brown hydrated oxide and flakes of gold. F. W. 0. dc Coninck exposed a 
mixture of a soln. of 2 mols of sodium nitrate and a mol of manganous carbonate to 
light for 5 months without any reaction taking place. J. N. von Fuchs observed 
that the carbonate dissolves in a soln. of a ferric salt, giving off carbon dioxide and 
precipitating ferric hydroxide. 

G. C. Wittstein supposed that freshly-precipitated manganous carbonate 
dissolved in a soln. of ammonium carbonate is present as ammonium manganous 
carbonate ; and F. Ephraim obtained the salt (NH 4 ) 2 C0 3 .Mn00 3 .4H20 in micro- 
scopic prisms. W. C. Reynolds prepared potassium manganous carbonate, 
K 2 Mn((‘0 3 ) 2 .4H20, by the action of a cold soln of potassium carbonate of sp. gr. 
1-53 on manganous acetate and rubbing the mixture in a mortar. Crystals of the 
salt arc quickly formed ; they are only sparingly soluble in water. If the mixture 
used in the preparation be warm oxidation occurs. 0. RufE and E Ascher studied 
solid soln. of manganese and calcium carbonates. L H. Bauer and IT. Berman 
found radiating groups of lathe-shaped, bluish-black needles of zinc manganese 
hydroxycarbonate, 2(Zn,Mn)C0 3 r)(Zn.Mn)(OII) 2 , occurring as a mineral which 
they called loseyite— after S R. Losey. The composition recalls that of hydro- 
zincite, Zn('0 3 .2Zn(01I) 2 . The monoclinic crystals have the axial ratios : a :b: r 
-- 0-70 : 1 : 0*62, and j3 1)4 n 30'. The optic axial angle 2V G4 n , the optical 
character is positive ; the indices of refraction are a 1 *G37, - 1 -64W, and y 1 -676 ; 
the sp. gr. is 3-27 ; and ihc hardness about 3. 
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PhtL, 3. 573, 1821; F. Slrnmeyer, (iott. Jrr:,, 1081, 1813; A. Bets and L. Zimin omnium, 
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344, IKH3 ; II. \on Foullon, ib., 36. 344, 1883 ; A. E. von Iteuss, ib., 20. 521, 1871 ; Sitzber. 
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I’herht 3. 526. 1S46 : ( '. Bcrgemann, I rr. Nat. IVr, Bonn, 111, 1857 ; J). Talmud and N. M. Lub- 
mtm. Boll. 7 a d , 50. 159, 1930 ; 11. AY'. Morse, Journ. Phys. ('hew., 34. 1555, 1930 ; AV. L. Bragg, 

P* or. Boy. kt*., 89. A. 46S. 1911 ; .1. Brtndano and J. Adamson. Phil. Mag., (7), 7. 507, 1 920 ^ 

It. Laming, Joins. ( him. Mtd., (3), 7. 706, 1852 ; .1. L. Liomignc, /ft., (2), 40. 329, JH29 ; (3), 
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§ 25. The Manganese Nitrates 

('. W. fiehccle 1 first prepared manganous nitrate, Mn(N() 3 ) 2 . It is obtained in 
soln. by dissolving manganous carbonate in nitric acid. According to .T. F. John, 
manganese dioxide (q.v ) dissolves in nitric acid in the presence of reducing agents, 
which form some nitrous acid, or, according to (\ W. Scheele, by exposing the 
system to sunlight, which decomposes some nil ri^ arid into nitrous arid and oxygen. 
J. F rlohn obtained a soln. of the nitrate by dissolving the metal in hot nitric acid. 
.1 W. (hit ('house obtained manganous nitrate, by heating to 10r>° to 200° a mixture 
of manganese dioxide and ammonium nitrate. The evaporation of the aq. soln. 
furnishes a syrupy liquid which yields crystals of the hexahydrate. V. M. Poshkova 
described the preparation of the salt. A. (Juvard noted the occurrence of 
manganous nitrate in native rinli saltpetre; and H. St. V. Deville and H Debrav 
found nitrates in native manganese dioxide. 

.J. M Ordwuy found that at 25*8° the aq. soln contains 62*4 per cent, of 
Mn(N0 3 ) 2 as hexahydrate. V. RudorlY found that a soln. with 21-3 per cent. 
Mn(NO.i) B freezes at l() r . The following additional observations are due to 
It. Funk and co-wuikcrs, wlien the solubility >S T i> expressed in percentages : 

3(1 Id 110 10 0 II 23 5 30 35 .V 

,S . 33-0 40 5 42 3 45*5 50 5 54 0 64*0 67-4 70 S 


Mn(M>.|) J .(.H,0 


Mn(N0 3 ) a .3il e 0 


The results of R. Funk are plotted in Fig. 1 13. The ice line and the solubility 
curve of the hexahydrate intersect at about --30°, but the eutectic temperature 
at - - 3(5 shows that a higher hydrate exists aud by 

analogy with the nitrates of related metals possibly a ^°| f l - TT | ~T ' 
labile ennea hydrate, Mn(N().,) 2 91T 2 0. J. F. John oh- ~r-\ I -+- JS i 
served that the syrupy soln. crystallizes with difficulty 
at ordinary temp., furnishing ncieular crystals, which, 
according to N. A. E. Millon, are those of the hexa- 
hydrate , Mn(N() 3 ) 2 .fiH 2 (). A. Liihrs and K. Kraut ob- 
tained the hexahydrate by evaporating the syrupy liquid 
over cone, sulphuric acid. Monoclinic, colourless crystals _ 
of the hexahydrate were also obtained by J. Tb Hannay . . . 

from its soln. in nitric acid. The crystals do not effloresce ^ n ( 

over sulphuric acid. R. Funk s Fig. 113 shows that * JW - The Solub 1 lily 
the hexahydrate is stable between 30 n and 2.VH" : and ° u, *M 411 oiih 1 rate - 

at 25-8° w r ater is given off owing to tin* formation of the trihydrate , Mn(N0 3 ) 2 . 
311*0, so that the eutectic temp, between the tri- and hexabydrates is at. 23 *r> f . 
K. Kordes discussed this eutectic mixture. A. (\ Rehultz-Sellack obtained the 
trihydrate by evaporating a soln. of the salt in rone, nitric acid in vacuo. The 
range of stability in aq. soln. is shown in Fig. 113. A. Ditto reported ft hctni- 
pvntahydrate, Mn(N0 3 ) 2 .2jH 2 (), and a motwhydiatc, MnfNOg^-T^O, blit the in- 
dividual existence of the former lias not been confirmed. A. Guntz and F. Martin 
obtained the monohydrato by melting the hexahydrate in its water of cryst al- 


ii? 47 ^ 

ftreent Mn(Nff i ) l 

Fi«. 113.- The Solubility 
of Manganous Nitrate. 
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lization and evaporating the product with the continuous addition of nitric 
acid, drop by drop. The cooled mass on soln. in nitric acid deposits pale pink 
deliquescent crystals. When the monohydrate so obtained is fused in an atm. 
o! nitric anhydride, colourless or very faint pink crystals of the anhydrous salt 
are formed. J. W. Gatehouse’s process indicated above also gives the anhydrous 
salt. A. Guntz and F. Martin also observed that the anhydrous nitrate can be 
obtained by treating with manganese a dry soln. of silver nitrate in a dry, 
non-aqueous solvent like acetone, benzonitrile, or liquid ammonia. The nitrate 
so obtained may form a complex with the solvent. 

According to J, M Ordway, the specific gravity of the hexahydrate crystals at 
21 is 1-8199, and that of the undcrroolcd hexahydrate which has been melted is 
1*8104. A. (’ Oudemans found the sp. gr. of aq. soln. at 8°/4° to be : 

5 10 15 20 30 40 50 60 71 

Mn(NO # )jj 6H t O 10253 1 0517 1 0702 M078 1 1688 1-2352 1 3074 1-3861 1-4811 

Observations were also made by G. T. Gerlach ; and J. Wagner found for N-> 
0-5N-, 0-25N-, and 0-125A r -soln. of manganous nitrate at 25° the respective sp. gr. 
1*0690, 1-0349, 1-0174, and 1*0093. For A Heydweiller’s observations, vide infra. 

A. N. Campbell found the sp. gr., the modulus, and eloctrostriction of the nitrate, 
a*s in the rase of the chloride (7.1;.), to l»e : 

Kq. per litre 0-573718 0 344231 0 229395 0 114744 0 057372 0 022940 0 011474 

8p. gr. at 15°/15 1 03685 1*02220 1 01493 1 00742 1-00307 1-00100 1 00085 

w lMn yl ° 4 - 350 340 352 348 325 445 426 

Klratralrictiun . - 11-5 10-5 —9-0 -100 -12-0 +70 J80 

B. Cabrera and co-workers gave for soln. with C grms. of anhydrous salt per 1000 
grans, of solvent, 3-47+11 79(^0 1) -5G0-7(/) 20 l) 2 , where D denotes the 
sp. gr. For C=480-9, D - 1-5430{1 -O-OO(J52(0- 20)} ; for C~ 384-7, I ) - 
= 1-4023(1- 0-00047(0 20)}; for 0=183-2, D=l*1635[l- 0-00033(0 20)}; for 
C— 72-38, I)~ 1*0597(1- 0-00024(0-20)}; for C~ 39-70, D 1-0313(1- 0-00021- 
(0-20)}; and for C 18-84, 1)- 1*0I38{1 0*00020(0 2O)-O-O 5 3(0 -20)2°}. 
J. Wagner gave for the viscosities of N-, 0*5 A+ 0-25 JV-, and U*125A 7 -soln. at 25° 
the respective values 1*1831, 1-0867, 1-0426, and 1-0235 (water unity). G\ A. Valson 
found for a tube 0-5 mm. diameter a capillary rise of 57-5 mm. at 1 5° for a soln. 
of sp. gr. 1*065. L. 0. de Coppet, and F. Dreyer studied the capillarity of the 
soln. and G. Tammann, the internal pressure. J. (!, Graham studied the 
diffnsion of soln. of manganous nitrate. J. C. G. de Marignac found the specific heat 
of soln. with Mn(N0 3 )2.nH 2 0, between 19 c and 51°, to be 0-8320, 0-9027, and 0-9473 
for soln. respectively with n~ 50, 100, and 2(H). K. Jaueh, and N. dc Kolossowsky 
discussed the subject. According to P. Riidorff, the f.p. of water falls 0116° per 
gram of the hydrate in 100 grms. of water. H. C. Jones and IJ. 1* Basset 1 
recorded a marked increase in the lowering of the freezing-point of soln. For 
small .concentrations the mol. lowering corresponds with 5*55, the value for the 
ionization of the salt into these ions, but with more cone. soln. the high values 
are supposed to represent the formation of hydrates. For soln. with Af mols of 
nitrate per litre, the lowering of the f.p. £0, and the mol. lowering of the f.p. J, are : 

M .0 09 0 18 0 27 1 05 2-01 3*16 

SO . 0-46° 0*88° 1-41° 6-77 r| 27 25° 38*50° 

^ .5 11 4-89 5*22 6 45 10*44 12*22 

According to H, St. C. Dcville, anhydrous manganous nitrate dccomjKises at 
2(X) into manganese dioxide and nitrous vapours. F. F. Boilstcin made observa- 
tions on this subject. R. Funk found that the xncltiiig*poixit of the triliydratc is 
35-5 , and no decomposition ocean when the salt is fused. S. Jakulisohn and 
M. Rabinowitsch gave 25*8° for the m.p. of the hexahydrate ; and J. L. R. Morgan 
and P. T. Owen, 34-81°. J. F. John noted that the hexahydrate fuses easily, and 
at a higher temp, it decomposes into nitric acid fumes and leaves black manganic 
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oxide behind; R. Funk gave 25*8° for the m.p.—Fig. 113; and J. M. Ordway 
observed that the hexahydrate melts at 25 8°, and that the boiling-point is 129*5°, 
at which temp, it slowly decomposes. E. N. Gapon studied the relation between 
the b.p. and the sp. gr. J. L. R. Morgan and P. T. Owen calculated the latent 
heat of fusion of the trihydrate to be 28*09 cals, per gram. II. Leseocur observed 
that the vapour pleasure of a sat. soln. of the salt at 20" is 7-4 mm. ; that of the 
dry hexahydrate at 2(f is 3*9 mm. ; and that of the efflorescent salt, Mn(N0 3 ) 2 . 
3JH 2 0, is 2*9 mm. at 20°. The hydrate slowly dissociates at Ihis temp. At 70° 
the vap. press, of the sat. soln. is about 80 mm. ; that of the partially dissociated 
hydrat* 1 , Mn(0HU.3IH 2 0, is 85 mm. ; and that of the trihvdrate is 30 ram. This 
emphasizes the chemical individuality of the trihydrato. J. Thomsen gave for 
the heat Of formation of manganous nitrate, (Mn,N 2 ,30 2 ,6ll2<))-- 153-7 Cals. ; 
Mn-| 2HNO ailM --H2+Mn(N0 3 ) 2 aq,+n7*72 Cals. ; for the heat of neutralisation, 
MnfOHJoppt.-f^HNOaftq,- Mn'(NO : .) 2 aq.d-21I 2 0 f-23-0 Cals. : for the heat of hydra- 
tion, Mn(N0 8 ) 2 '} 6H 2 0 - Mu(N 0 3 ) 2 .GH 2 (H 19*08 Gals. ; and the heat of solution, 
Mn(N0 3 ) 2 .6H 2 0 i 4(K)11 2 0, is - 0*15 Cals., while A. Guntz and F. Martin gave for 
Mn(N0 3 ) 2 -| 280lI 2 O r 12*93 Cals. J. Thomsen found the heat of dilution, Q , for a 
soln. of a mol of Mn(N0 3 ) 2 in ten mols of water, with w mols of water at about 18“ 
to be ; 

n . jo l r» 20 no loo 200 400 

(J . 0 930 1294 1528 mil 1573 1048 cals. 

H. (\ Jones and F. If. (Hetman found lIu* indices of refraction, / 1 , of soln. w r ith 
M mols of Mn(NO*|) 2 per litre, to l>e : 

M . 0 035 0 18 0 35 0 87 1 05 2 10 3-50 

ft . . 1 3255* 1 32751 1 32949 1-33043 1 337 OS 1-3*974 J- 30459 

H. Wachsmuth found that a soln. of 151-2 grins, of Mii(N 0 3 ) 2 per litre has a 
sj). magnetic rotation of 01931 (water 0*99148) and a mol. magnetic rotation 
1*9205. P. Krishnamurti discussed the Raman effect with manganous nitrate ; 
and F. Allison and E. J. Murphy, the magne to- optic properties. S. Jakubsohn and 
M. Rubinow'itscb found that the crystals of the hexahydrate had an electrical 
conductivity log K 0*053130- 0-73693 ill the undercooled state. A selection of 
the values for the salt is : 

15° 8° 0° ll u 23° 20 9° 40’ 4U° 

K . 0*0,228 0-0,340 00,623 0-0J770 0-0 3 1080 00234 0-0374 0-0439 

v v ' v ' 

Solid Molten 

The electrical conductivities, /*, of aq. soln. of a mol of manganous nitrate in v litres 
of w r ater were measured by H. (\ .Jones anti H. J\ Bassett ; and H. (\ .Tones and 
A. P. West s results arc as follow' : 


V . 

2 

8 

16 

32 

128 

512 

1024 


OG-J 

83-1 

85-5 

90-5 

98-3 

104-8 

105-4 

/I | 25‘ 

. 1 J 0-3 

144-3 

164-5 

165-0 

182-0 

I96 0 

195*8 

I 35 * 

. 138-7 

172-5 

185-1 

197-9 

219-8 

2362 

237-4 

1 0° 

02-7 

78-8 

81-1 

83-9 

93 3 

99-4 

100-0 

a | 25° 

. 59-4 

73-7 

78-9 

84-3 

93-0 

99-4 

100-0 

1 35° 

56-4 

72-7 

780 

83-4 

92 f. 

99-5 

100*0 

The calculated values for the percentage degree of ionization, a, 

are also 

indicated. 

A. Heydweiller gave for the 

sp. gr. and eq. 

conductivity at 18° : 




OGtf- 

X- 

2JV- 3A'- 

4X- 

5A r - 

»LV- 

10tf- 

Bp. gr. . 

1-03389 

1 0072 

1 1332 1 1081 1-2018 

1-3243 

1 3857 

1*0215 

A . 

60-8 

68-9 

47-46 37 1)2 

3030 

23-54 

17-GG 

4*60 


II. C. Jones and H. P. Bassett discussed the hydration of the ions- -vide supra — 
and E. G\ Banks and co-workers, the. transport numbers. 0. F. Tower calculated 
values for the manganese dioxide electrode with soln. of manganous nitrate in 
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nitric acid of different concentrations, and the results were found to agree with 
E — - 0-0286 log (Omh^hVCWOh 4 )» where Cj^ n refers to the cone/ of the 
manganous ions in two soln., and t*j r, the cone, of the H'-ions. L. Bruner 
found the hydrolysis in aq. soln. of manganese nitrate to be too small for 
measurement. W. N. Hartley showed that the absorption spectrum of dil. soln. 
agrees w’ith the assumption that hydrolysis and oxidation produce colloidal 
MnO(OH) 2 . K. Elba, and E. Frei studied the electrolysis of soln. of manganous 
nitrate, and found that the anodic oxidation is similar to that with sulphate soln. 
without complications due to the formation of a manganic nitrate - permanganic 
acid and manganese dioxide being formed instead. In order to produce per- 
manganic acid, a certain excess of free nitric acid is necessary, and a low concentra- 
tion of the manganous salt. Thus, Roln. with 0-001, 0-003, and 0-005 moJs of 
Mn(N0 3 ) 2 per litre, required respectively 0-5, 1 2-0, and 35-0 grins. IINO ; , pci 
100 c.c. at 16° in order to prevent the formation of manganese dioxide ; and at 60 \ 
soln with 0-0001, 0-0003, and 0-0006 mols of Mn(N0 3 ) 2 per litre required respec- 
tively 5, 23, and 46 grms. of nitric acnl per 100 c.c Cl. Jager and S Meyer found 
the magnetic susceptibility of aq. soln. of manganous nitrate at 18° to be 82* 10" (> 
mass unit, and O. Liebknecht and A. 1*. Wills gave 86x10 mass unit. U. Wag 
gesi, R. Oppermann, P. Philipp, 0. Falckenbcrg, A Duperior, und B. Cabrera and 
co-workers made observations on this subject, and found for soln with 0-4806 to 
0-00732 grin, of anhydrous salt per 1(X)0 grins, of solvent, the mol susceptibilities 
respectively 0-0150 to 0*0148, and 4-4 ^(T 6) 

According to W. Ipatieff and A. Kisseleff, when a soln. of manganous nitrate 
is treated with hydrogen at 300° and over 150 atm. press., the mineral hauMtnirmito, 
Mn 3 0 4 .H 2 0, is formed ; and V. Ipateeff and B. Murointzeff found tlmt m quart/, 
tubes Mn 3 0 4 is formed, and in gold tubes Mn 3 0 4 .H 2 0, at 190 v to 240 . E If. West- 
ling observed that a soln. of manganous nitrate with lead dioxide furnishes man- 
ganese dioxide and lead nitrate. H W. Hake found that when the trihydratc is 
exposed to air, it absorbs moisture equivalent to Mn(N() 3 ) 2 16H«0 A. Liilirs and 
K. Kraut found that when the soln. of manganous nitrate in water is evaporated 
on a W'ater-batli, much hydrated manganese dioxide is deposited particularly in 
sunlight. A. Gorgeu obtained the basic salt, manganous oxynitrate, Mn 2 0(N0 3 ) 2 . 
3H 2 0, by mixing a boiling 60 per cent. soln. of manganous nitrate w r ith a boiling 
cone. soln. of sodium carbonate, boiling for two minutes, filtering, and slow]} 
cooling the soln. out of contact with air. The acicular crystals are dried in dark 
ness ; they turn brown in air when exposed to light : they are rapidly decomposed 
by water ; and lose w ater and nitrogen oxides at 100 . The basic salt is soluble 
in a solu. of manganous nitrate. J. W. Thomas found Ihut hexahydrated man- 
ganous nitrate dried in hydrogen chloride forms a dark blown liquid containing 
manganic chloride, waiter, chlorine, and nitric acid. E. (’. Franklin and A. Kraus 
observed that anhydrous manganous nitrate is insoluble in liquid ammonia l and 
A. Gunfz and F. Martin observed that manganous enneamminonitrate, Mn(NO a ) 2 . 
HNIIij, is funned in white crystals which rapidly turn brown when exposed to air 
and light ; they are decomposed at 150°, and become incandescent when rapidly 
heated. In vacuo the amminc gradually loses ammonia without forming pun- 
nitrate. The amminc is decomposed by water. W. Herz studied the equilibrium 
conditions of soln of manganous nitrate in the presence of ammonium salts, and it 
is possible that a complex salt is formed. If. Fninzen and O. von Mayer obtained 
the complex salt manganous dihydrazinonitrate, Mn(N0 3 ) 2 .2N 2 H 4 . J. F. .John 
observed tlmt the hexahydrate is soluble in alcohol ; and A Guntz and F. Martin 
found that it is soluble in acetone, and benzonitrile, forming ill the latter case 
the complex 2Mn(NO a ) 2 .C fI H ft rN. H. Grossmann observed that the anhydrous 
nitrate forms a complex, Mn(NO a ) 2 .2( ' 5 U S N, with pyridine; G. A. Barbieri and 
F. (’alzolan, one, Mn(NO 3 ) 2 .2C fl H] 2 N 4 .101I 2 O, with hexamethylenetetramine ; and 
J. F. Martimson, and H. Tran ho, one, Mn(NO a )2.2K(8bO)G 4 H|() < |Jf 2 0, with 
potassium antimonyl tartrates. 
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Complex salt* of munganouK nitrate with the nitrate* of the alkalies, alkaline 
earths, and the magnesium family have not been prepared. (\ di Capua’s examina- 
tion of the system Mn(NOj) 2 Mg(NO H )., if 2 0 yields no evidence of the formation 
nf a complex salt. A. Mailhe obtained copper manganous trioxynitrate, 3CuO, 
MnfNO^gjSlLO, by boiling eopj)er hydroxide with a cone. soln. of manganous 
nitrate ; the brown oxide 4( , uO.H 2 0 also gave this compound after standing for 
3 months with a cold soln. of manganous nitrate. The green powder consists of 
microscopic needles. The salt becomes blown when exposed to air. A. Werner 
regarded it us a liexol, 3('ii(()H) fl .Mii(NO ;i ) 2 , isomorphous with gerhardtite, 
Cu(NOy)2 | 3Cu(OH),i ('. di ( ’npua’s study of tbe ternary system Mg(NO a )«- 
Fig 1 1 1, at 20 n , gives no evidence of the formation of a magnesium 
manganese nitrate. A Mailhe treated a hot soln. of manganous nitrate with 
mercuric oxide and obtained white rhombic plates of mercuric manganous 
Oxynitrate as a (hln/diafr, Mn(N0 3 ) 2 .Hg() 2H 2 (). The salt is decomposed by water, 
with the sepai at ion of mercuric oxide. If yellow nr red mercuric oxide be allowed 
to stand under a cone. soln. of manganous nitrate white microscopic, hexagonal, 
hipyrumidal prisms of the tn/n/dratr arc Jornied The crystals acquire a black 
ill ni- If nicmmc oxide be dissohed m a warm soln of manganous nitrate, ,md th* 


/AA 
/ \ 

A 

/(f t \ 



Kin. 1 1 4. The Teinurv lS^ t»tein : 
Mg(N0 3 )i Mn(N() 3 ) 2 H z O at 20 . 


AA 



Fh». 1 lfi. — The Ti*niar\ S\stem 
La(N0 3 ) a -Mn(N0 3 ) 1 H a O at 20 . 


soln. cooled, white monoclmic plates of the tetrahydral e are formed, isomorphous 
with the corresponding compounds of cobalt and nickel. A. Mailhe also prepared 
a complex with mercuric cyanide, nainelv Mn(NO ; j)2.HgCy 2 . 

There is an isomorphous series of complex nitrates of some earths with the 
ml rates of magnesium, zinc, mangunese, iron (ous), cobalt, and nickel. The general 
fommla is R"3[R" # (NO t ,) fi ] 3 .24H 2 0. The salts are hygroscopic, and lose a part of 
their nitric acid at 120”. T Lange prepared manganous C6T0US nitrate, 
Mn il [re(N03) 6 ]j 4 .24IIo0, by evaporating a mixed soln. of manganous nitrutc and 
cerous nitrate, and alcohol. The salt was also prepared by H. Zschiesche, and 
G. Jantsch. A roId. of stoichiometrical proportions of the component salts is 
evaporated, and the salt is purified by recrystallization. The rose-red crystals are 
trigonal, and, according to A. Fock, have the axial ratio a : c— 1 : 1-5775, and 
a -79° 38'. G. Jantsch gave 2-102 for the sp. gr. at 0 0 /4°, and 771-6 for the mol. 
vol. The m.p. is 83-7°. The solubility at 16° in nitric acid of sp. gr. 1-325 at 16°/4° 
is 0-1103 mol or 178-8 grms. per litre. A. Daniour and H. St. C. Deville prepared 
manganous lanthanum nitrate, Mi]3[La(N0 a ) fl J 2 .24H 2 0 J in a similar way. The 
crystals are isomorphous with the other members of the series C. di Capua’s 
study of the system Mn(N0 3 ) 2 “La(N03)3-H 2 0, Fig. 115, at 20° yielded no evidence 
of the formation of a complex salt. G. Jantsch found the sp. gr. to be 2-080 at 
0 0 /4° ; the mol. vol., 778-6 ; the 87-2° ; and the solubility at 1 6° in nitric acid 
of sp. gr. 1-325 at 1674°, 0*1192 mol or 193-1 grms. per litre at 16°. O. Jantsch 
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likewise obtained manganous praseodymium nitrate, Mn 3 LPr(N0 3 )e]2-24H 2 0 J in 
pale yellowish-green crystals of sp. gr. 2*109 at 0°/4° ; mol. vol., 769*3 ; m.p. 
81*0° ; and the solubility in nitric acid of sp. gr. 1*32 at 167*° is 0-1816 mol or 
234 grms. per litre at 16°. G. Jantsch prepared manganous neodymium nitrate, 
Mn 3 |Nd(N03) 6 ] 2 .24H 2 0 J in similar manner. The pale violet-red crystals have a 
xp. gr. 2-114 at 074° ; mol. vol., 771*0 ; m.p., 77*0° ; solubility at 16° in nitric 
acid of sp. gr. 1-325 at 1674°, 01816 mol or 296*0 grms. per litre at 16°. G. Jantsch 
similarly obtained manganous samarium nitrate, Mn 3 [Sa(N0 3 ) fl ] 2 .24H 2 0, in 
reddish-yellow crystals of sp. gr. 2*188 at 074 o ; mol. vol., 750*3 ; m.p., 70-2°; and 
solubility in nitric acid of sp. gr. 1*325 at 1674°, 0*3047 mol or 500*4 grms. per litre 
at 16°. The great solubility of manganous gadolinium nitrate seemed to prevent 
its crystallization ; the manganous yttrium nitrates have not been prepared. 

According to M. Holzmann, when hot or cold, cone, or dil. soln. of ceric and 
manganous nitrates are mixed, hydrated manganese dioxide is precipitated, and 
the ceric salt is reduced to the ccrous state of oxidation. R. J. Meyer and 
R. Jacoby found that if a filtered soln. of 1 1 parts of manganous carbonate in 
nitric acid is mixed with a little water, and allowed to run slowly, with constant 
stirring, into a well-cooled soln. of 20 parts of ceric hydroxide in nitric acid of 
sp. gr. 1*4, and allowed to stand, some hydrated manganese dioxide is formed, and 
at the same time aggregates of dark red, tabular crystals of manganous ceric nitrate, 
MnCc(N() 3 ) 0 8I1 2 (), are formed. The crystals are very sensitive to moist air, and 
decompose with the separation of hydrated manganese dioxide. They dissolve 
in cone, nitric acid. A. Fuck said that the trigonal crystals have the axial ratio 
a :r- 1 : 1*5775, and a -79 38' ; the (1 ll)-cleavage is nearly perfect ; and the 
optical character is negative. R. .1. Meyer and R. Jacoby observed that a mixed 
soln. of thorium and manganous nitrates furnishes colourless plates of nrn.ngfl.nnng 
thorium nitrate, MnTh(N0 3 ) 6 .8li 2 0, mixed with some thorium nitrate. 

G. Vrbain and H. Lncombe prepared with bismuth nitrate a scries of double 
salts with the nitrates of magnesium, zinc, manganese, cobalt, and nickel, having 
the. general formula 3R(N0 : ,) 2 .2Ri(N()d f j.-24H 2 0, or R 3 [Bi(N0 3 ) fl | 2 .24H 2 0. They 
are isouiorphous with the corresponding complex nitrates of the rare earths. They 
are efflorescent in dry air, and deliquescent in moist air. They are prepared in a 
similar manner, and are all decomposed by water. The most unstable salt of the 
scries is manganous bismuth nitrate, Mn 3 f Bi(NO a ) 6 ] 2 .24H s O. It does not exist in 
contact with the solid phase of either constituent. The salt is pale red ; its sp. gr. 
is 2-42 at 16 ; it melts without decomposition at 43° to 44°. G. Jantsch found 
that its solubility 111 nitric acid of sp. gr. 1*325 at 1674° is 0*3742 mol or 657*7 
grms. per litre at 16’. 

(/. T. Barfoed 2 was unable to prepare manganic nitrate, Mn(NO a ) 3 .nH 2 0, by the 
action of nitric acid on manganic hydroxide ; by the action of barium nitrate on 
manganic sulphate ; or by the action of silver nitrate on manganic chloride. 
M. 8em considers that he obtained manganic nitrate in soln. by the electrolytic 
oxidation of a soln. of manganous nitrate* in fuming nitric acid, but he could not 
isolate the compound as such or in the form of potassium manganic nitrate. J. Meyer, 
however, said that the product is colloidal manganese dioxide. 
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§ 26. Manganous Phosphates 

H. Struve 1 prepared manganous orthophosphate, Md 3 (P0 4 ) 2 , by passing 
hydrogen for a long time over white-hot manganous pyrophosphate : 3Mn 2 P 2 0 7 
— 2Mn 3 (P0 4 ) 2 -j P 2 0 5 ~-somc phosphorus, phosphine, and manganese phosphide are 
also formed. The anhydrous salt is produced by heating a hydrate to redness. 
Several hydrates have been reported. If a manganous salt soln. be treated with 
an excess of sodium hydrophosphate, the analyses of W. Heintz, and of E. Erlen- 
meyer and 0. Heinrich show that the white amorphous precipitate is a hepta- 
hydratv , Mn 3 (P0 4 ) 2 .7H 2 0. If manganous hydrophosphate be treated with cold 
water so long afl it acquires an acidic reaction, acicular crystals are obtained which, 
according to E. Erlenmc.yer and O. Heinrich, approximate to the pentahydrate , 
Mn a (P0 4 ). i ..5H 2 0 l although the analytical data for the air-dried product ranges 
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from 4£ to 5J H z O, F. Grossmann obtained the pentahydrate by the action of 
water on ammonium manganous phosphate. The salt was also prepared in a 
crystalline state by F. Ephraim and C. Rossetti. According to E. Eilenmeyer and 



titrated electromctrically 0-02M-MnClo with 0-1 A^Nu^PO* at 20° and obtained the 
curve shown in Fig. 116. The phosphate began to separate when p n- 5-76, and 
it may be added that the hydroxide separation occurs when pfl--8«43. 

F. Mullbaucr obtained in Hagendorf, Bavaria, pale rose or flesh red rosettes 
of a pnitahydrale, Mn 3 (F0 4 )2.r>H 2 0 ; or rather (Fe,Mn,Mg)3(P0 4 ) 2 fiH a () ; he 
called the mineral wenzelite— after H. Wenzel. The monoclone prisms have the 
axial ratios: a : b : c -2-32.39 : 1 : 2-8513 The biaxial crystals are optically 
negative. G. J. Brush and E. S. Dana found a granular, massive, or crystal line 
mineral near Redding, Connecticut, and they called it reddingite. Its colour is 
pinkish-white, pale rose-pink, or yellowish-white. Its composition corresponds 
with the trihydrate, Mn 3 (P0 4 ) 2 3H 2 0. A little iron may replace the manganese ; 
and H. Berman and F. A. Gonyer gave 3(Mn,Fc)0.F 2 0 5 .3H 2 0. According to 
G. J. Brush and E. S. Dana, the crystals of reddingite are rhombic with the axiul 
ratios a : b : r— 0-8678 : 1 : 0-9486 ; the habit is octahedral, and the crystals often 
occur m parallel groupings. There is a distinct cleavage. The crystals of red- 
dingite appear as if they were isomorphous with scorodite, Fr^AsO^AHgO, and 
strengite, Fe 2 (P0 4 ) 2 4H z O, although their chemical nature is different. E. II. Kraus 
and co-workers gave a:b:c- 0-5271 : 1 : 0*4574. A. dcs Cloizeaux found that the 
crystals of H. J. Debrays preparation of the trihydrate resemble hureaulite, 
HoR" 5 (P0 4 ) 4 .4H 2 0. G. J. Brush and E. S. Dana gave 3-102 for the sp. gr. of 
reddingite, and 3-0 to 3-5 for the hardness. H. Berman and F. A. Gonyer gave 
3-136 for the sp. gr. E. H. Kraus and co-workers gave for the indices of refraction 
a- 1-651, /J- 1-656, and y -1-683; and H. Berman and F. A. Gonyer, a~ 1-655, 
fi -1-662, and y— 1-683, and they said that the optica] character is positive, and the 
optic oxial angle 2F- 65°. According to E. Erlenmeyer and O. Heinrich, the 
heptahydrato loses about 3£ mols. of water over cone, sulphuric acid; and about 
3 mols at 100° ; W. Hcintz observed a loss of 15-90 per cent, of water between 110 ,J 
and 120 n . According to M. Berthelot, the heat of formation of the amorphous or 
colloidal orthophosphate is (2P,40 2 ,3Mn) — 737-5 Cals. ; and 2H 3 P0 4wi +3Mn(0H) z 
=Mn 3 (P0 4 ) 2 -fAq.-f-45-3 Cals. K. Elbs, and E, Frei found that when a soln. of 
manganous carbonate in phosphoric acid is electrolyzed, manganese dioxide is 
formed, together with an * methyst-red soln. of manganic phosphate. G. Grubc and 
M. Staesche found the oxidation potential of a soln. of a manganic salt in phosphoric 
acid involves the two changes : 2Mn*‘ ^Mn*'+Mn‘" followed by 4Mn '>^3Mn"‘ 
+Mn' ::: . The equilibrium is affected by the cono, of the phosphoric acid and very 
little by the cone, of the manganese. For 0-02 gram-atom Mn in a litre of 37*8 N* 
H3PO4 at 12°, with Mn* : Mn'— 1 : J, the oxidation potential for Mn* ->Mn‘" is 
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1*221 volts ; and for Mn‘ , -»Mn"", 1-526 volts. The equilibrium constant K , and 
the percentage decomposition of manganic phosphate for 2Mn"\^Mn' , -|-Mn‘ , '‘ > 
a, are for a soln. with 0-02 grani-atom per litre at 12 u : 

AMi 3 r0 4 450 42-5 400 37 5 35 0 32 5 300 

K. . 0 048 0 0076 0 0,16 0-0,30 0-0,28 0-0 4 2U 0-0,17 

a - . 30 0 16-0 2-4 0*35 0-33 0-89 2*0 per rent. 

There is thus a maximum decomposition of the tervalent manganese phosphate in 
highly cone, acid, and a minimum in SON- to 3r>JV-H s P0 4 . and thereafter the 
decomposition increases slowly as the acidity increases. With the quadrivalent 
manganese phosphate equilibrium : 4Mn >-3Mn" '-\ Mn *, for a soln. with 
0-01 gram-atom Mn in a litre of 40-5A T -H 3 P() 4 at 12°, with Mu ' ' : Mn ■ ■ =1 : 1, the 
oxidation potential for Mn"*'->Mn* is 1-639 volts. The equilibrium constant, K , 
and the percentage decomposition of the quadrivalent manganese diphosphate, a, 
are for a soln. with 0*01 gram-atom Mn per litre at 12° : 

;V-H 3 I j 0 4 45-0 4U 0 35 0 30 0 25 0 22-5 20 

K. . 0*0„21 0*0 1(l 41 0 0,26 0-0,90 0-0,21 0*0 4 17 0-0,17 

o . 0*0038 0*014 3 l J 8-y 7*0 10 16 per cent. 

As the acidity diminishes, the equilibrium shifts rapidly and continuously from 
left to right, so that the salt ran be prepared only in highly acidic soln. Quadri- 
valent manganese diphosphate is a bettor oxidizing agent than permanganic acid, 
and a better reducing agent than tervalent manganic phosphate. F. Weckhach 
studied the electrolytic oxidation of soln. of manganous phosphate in phosphoric 
acid ; and J. Chloupek, the potential of a platinum electrode in soln. of phosphoric 
acids and manganous oxide. 

J. J. Berzelius found that water dissolves very little of the heptahydrate, and 

L. Joulm said that the salt is not decomposed by water, but F. (Jrossmann found 
that the pentahydrate suffers hydrolysis w hen it is shaken with water at 25 r ; a 
limiting value was not obtained ; only phosphoric acid, not manganous ions, pass 
into soln., so that cither manganous hydroxide or a basic salt is formed as a result 
of the hydrolysis. F. Fichter and K. Brunner found that manganous phosphate 
is oxidized by fluorine to the manganic* salt. (\ I). Braun observed that when the 
heptahydrate is warmed with hydrochloric acid, a brown soln. is formed which 
deposits a dark brown crystalline precipitate. W. Heintz said that the phosphate 
is readily soluble in mineral acids, and in acetic acid. B. W. (Jerland found that 
sulphurous acid readily dissolves the phosphate. W. Heintz observed that uq. 
ammonia converts it into ammonium manganous phosphate ; and J. J. Berzelius 
said that a boiling soln. of potassium hydroxide extracts all the phosphoric acid ; 
and a soln. of ammonium carbonate dissolves the phosphate, but it is re-precipituted 
when the soln. is boiled. According to R. H. Brett, a soln. of ammonium chloride 
or nitrate dissolves some phosphate ; and (4. (\ Witt stein observed a similar result 
with a soln. of ammonium sulphate or succinate. W. Heintz said that the salt is 
insoluble in alcohol. L. Joulin said that the heptahydrate is not decomposed by 
a soln. of sodium dihydro^hosphate, but it is decomposed by a soln. of the hydro- 
phosphate, forming manganous hydroxide, or, if exposed to air. hydrated manganic 
oxide. C. D. Braun found that lead dioxide colours the phosphate violet-grey. 
W. Muthmann and H. Heramhof tried the phosphate as a colouring agent for 
porcelain painting. W. Knaust studied the coagulation of colloidal soln. of 
manganese oxide peptized with phosphoric acid. 

H. St. (\ Deviile and II. Caron heated a mixture of ammonium phosphate and 
an excess of manganous chloride to a bright red-heat, and extracted the cold mass 
with water. There remain crystals of manganese chlorophosphate, Mnj(P0 4 ) 2 . 
MnCl 2 , or manganese iragneritc. If 2 parts of manganous fluoride and 5 parts of 
ammonium phosphate be fused with an excess of manganous chloride, and the cold 
mass extracted with water, there remain crystals of manganous chlorotriortho- 
Phosphate, 3Mn 3 (P0 4 )o .MnCljj, or manganese apatite. A. Ditto melted manganous 
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bromide with an excess of ammonium dihydrophosphate, and extracted the cold 
mass with hot water. Needlc-like prisms of manganous bromo triorthophosphate , 
3Mn 3 (PCb) 2 .MnBr 2 , or manganese bromoapatite remained. 

According to C. H. D. Bodeker, and E. KrlcnnieycT and O. Heinrich, if a soln. of 
manganous sulphate be treated with a slight excess of sodium hydrophosphate, 
the soln. and precipitate be divided into two equal parts, and one pari treated 
with enough nitric or hydrochloric acid just to dissolve the precipitate, and then 
mixed with the other part, and allowed to Btand for 2 or 3 days, pale red, almost 
colourless, crystals of manganous hydrophosphate, MnHPOj.BHgO, arc formed. 
W. Heintz obtained the same L salt by adding sodium hydrophosphate to a soln. 
of manganous sulphate, acidulated with acetic acid until a permanent precipitate 
is formed. All the manganese must not be precipitated ; if hydrochloric or nitric 
acid he employed in place of acetic acid, the precipitation iH slower. After the 
precipitate has stood for a while it becomes granular and crystalline. This salt is 
also produced as a residue when an excess of pent all ydrated normal phosphate is 
boiled with phosphoric acid. The washed precipitate becomes crystalline on 
standing. M. Amadori investigated the ternary system MnO-I^Og- H 2 0 at 217', 
and the results are summarized in Fig 117, wliiih shows the range of stability of 
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the System . Mn() P,(>* il a O at 2o . System : Mn 3 (F(),) a H a PO< Ji 2 () at 2G ’. 

the triliydrate. The results of G. Grube and M. Staesche in the system Mn a ( PO4 IU— 
HjI*0 4 H 2 0 at 25° are summarized in Fig. 118. The solubility curves of the solid 
phases arc 06, for Mn 3 (P0 4 ) 2 ; be , for MnHP() 4 ; cd, for Mn(lI 2 F0 4 ) 2 3H 2 0 ; and 
dc> for phosphoric acid, probably 2H 3 P0 4 .H20. The curve for 55° is dotted in 
Fig. 118. E. Erlenineyer and (). Heinrich found that when the dihydrophosphatc 
is allowed to deliquesce in moist air, or digested with one and a half vols. of water, 
the hydrophosphate is formed ; likewise also when the dihydrophosphate is boiled 
with alcohol. H. J. Dcbray obtained the hydrophosphate by adding alcohol to 
a soln.- of manganous carbonate in phosphoric acid until a turbidity appears. 
C. H. D. Bodeker said that the crystals are tabular, right rhombic prisms, having 
the acute prismatic edges generally replaced by planes, so that the crystals look 
like hexagonal plates, G. von Haushofer said that the tabular or octahedral 
crystals are rhombic, with the axial ratios a : 6 : c- 0*9445 : 1 : 0*9260. The crystals 
lose no water in dry air over calcium chloride ; at 110°, C. H. D. Bodeker found 
that they lose 23*27 per cent, of water ; at 110° to 120°, W. Heintz found that 22*47 
per cent, is lost ;'and E. Erlcnmeyer and 0. Heinrich, at 100°, 22*24 per cent. This 
water is taken up again when the crystals are exposed to air. W. Ilcintz found 
that three muls. of water are lost at 200°, and at a red-heat pyrophosphate is formed. 
The salt is slowly hydrolyzed by cold water, and with boiling water a soluble acid 
salt and an insoluble basic salt are formed. W. HeAntz found that the salt is 
readily soluble in the strong mineral acids, but it dissolves with difficultydn acetic 
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acid, and it is insoluble iu alcohol : B. W. Gerland observed that it is readily 
soluble in sulphurous acid ; and R. H. Brett, that when dissolved in a soln. of 
ammonium chloride it gives no precipitate with hydrogen sulphide. F. Ficliter 
and E. Brunner found that when fluorine acts on a soln. of the phosphate, oxidation 
takes place to an extent not exceeding 66 per cent. The incomplete oxidation is 
again attributed to the formation of hydrogen dioxide. As permonophosphorie 
acid is formed by the action of fluorine on orthophosphoric acid, this oxidation 
may be explained by the theory that the oxidising agent is a peroxide or pcracid 
derived from the anion, such as sulphur tetroxide in the case of sulphates. The 
mineral seamanita named after A. F. Seaman- -is a hydrated manganous boro- 
phosphate, 3MnO.(B 2 O3.P 2 0 5 ).3H20, or 3Mn().B 2 0 3 .3}i 2 0 associated with 3MnO. 
P 2 O 5 . 3 H 2 O, and it is related with reddingite. Both minerals arc rhombic. 
E. H. Kraus gave for the axial ratios a : b : r- 0*5195 : 1 : 0-1508 ; 3-128 for the 
sp. gr. ; 4-0 for the hardness ; and for the indices of refraction, a 1*640, /? 1-663, 
and y 1-665- vide supra, reddingite. 

W. Hemtz prepared manganous dihydrophosphate, Mn(H 2 P0 4 ) 2 .2H 2 0, by 
strongly heating a mixture of manganic oxide and phosphoric acid ; and bv allowing 
a soln. of normal manganous phosphate in phosphoric acid to stand for crystalliza- 
tion. The equilibrium conditions found by M. Amadori are indicated in Fig. 117, 
and by (t. Grube and M. Staesche, in Fig. 118. E. Krlenmever and O. Heinrich 
obtained this salt by allowing a soln. of manganous sulphide in an excess of 
phosphoric acid to evaporate in a warm place. In three weeks the crystalline crust 
is pressed between bibulous paper, or washed wilh water and ether free from alcohol. 
A Joly found that in the formation of the phosphate the gelatinous hydrophosphate, 
is first precipitated, and that this gradually passes into the crystalline dihydro- 
phosphate. According to E. Erlcnmeycr and 0. Heinrich, the four-sided, prismatic 
crystals of the dihydrophosphate are not changed by exposure to dry air, but they 
deliquesce in moist air, forming the hydrophosphate. The salt loses 12-61 per cent, 
of water at KMf. or, according to W. Heintz, 13-15 per cent, at 1 10 €1 — 1 20°, and the 
remaining water is expelled at a red-heat. The salt on charcoal readily fuses in the 
oxidizing flame of the blowpipe, giving off phosphoric acid and phosphorus in 
inflammable bubbles. The salt is easily soluble in water ; and E. Krlenmeyer and 
0. Heinrich said that if the salt contains a trace of free phosphoric acid, it readily 
dissolves in a little water; and, added H. J. Debray, alcohol precipitates the 
hydrophosphate from the aq. soln. According to W. Ileintz, the salt is resolved 
by boiling alcohol into phosphoric acid and the hydrophosphate. According to 
G. Viard, if 10, 20, and 100 grms. of manganous diliydrophosphatc, Mn(H 2 P0 4 ) 2 . 
2H 2 0, per 100 grms. of water at 0 U be allowed to stand for many days, the mol. 
ratios P 2 0 5 : MnO in the soln. are respectively 1-06, 1-14, and 1-19 ; and there are 
19-75, 33-39, and 97-42 grms. respectively of MnO per litre in the soln., and respec- 
tively 41-90, 76-04, and 232-05 grms. per litre of P 2 0 5 . The composition of the 
soln. thus deviates more and more from that of the original salt the greater is the 
proportion of dihydrophosphate employed, and it is possible to arrange that a gram 
of salt dissolves in 100 gnns. of water without decomposition. Working at 100°, 
with increasing proportions of dihydrophoBphate, the mol. ratio P 2 0 5 : MnO in the 
soln. increases to a maximum and then slowly decreases. If less than 20 grms. of 
dihydrophosphate per 100 grms. of water be used, the decomposition proceeds like 
that of barium or calcium phosphate at 0° or 100°, and like that of manganous 
dihydrophosphate at 0°. If 0 denotes the number of grams of Mn(H 2 P0 4 ) 2 .2H 2 0 
in 100 grms. of water ; P 2 0 B : MnO, the ratio in soln. ; MnO, grams in soln. ; and 
RA* grams in soln. : 
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G. Viard said that the product of the action at 100" is always manganous dihydro- 
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tetraorthophosphate,Mn 3 (P0 4 ) 2 .2MnHP0 4 .4H 2 0 — M. Amadori pave Mn B H 2 (P0 4 ) 6 . 
5H a O, which was prepared by E. Erlcnmeycr and 0. Heinrich by boiling manganous 
hydroplu^phate with water until it no longer imparts an acidic reaction to the 
liquid. The rose-coloured, microscopic prisms are monoclinic, having, according 
to C. von Haushofer, the axial ratios a : b : c— 1-9927 : 1 : 1*7122, and /?— 97° 34'. 
They lose water above 150° and do not fuse at a red-heat. A. dc Schulten obtained 
thih salt in the form of the mineral hurcaulite by adding ammonia, drop by drop, 
to a soln. of phosphoric acid of sp. gr. 1*1, sat. with niungnnnus carbonate. The 
crystals have a sp. gr. 3*175 at 15°. M. Amadori also prepared manganous hepta- 
hydrotriorthophosphate, Mn(H 2 l > 04 ) 2 .H 3 P 0 4 , under the conditions illustrated by 
Fig. 117. F. Ephraim and C. Rossetti prepared the acid salt 5Mn0.2P 2 0 5 .8H 2 0 
in ji crystalline state. 

F. Alluaud, and A. des Cloizeaux and A. Damour described a mineral from 
Limoges, Hureaux commune, and it was-callcd hureaulite. The analyses of these 
and samples from other localities reported by P. A. Dufrenoy, A. des t’loizeaux and 
A. Damour, and G. J. Brush and E. S. Dana, correspond with the formula 5MnO. 
2 Po() 5 .5H 2 0, or H 2 Mn 5 (P0 4 ) 4 .4H 2 0, the pentakydrate of manganous dihydrotetra- 
orthophosphate . The colour of hureaulite is orange-red, brownish-orange, rosc- 
violel, pale rose, grey, or nearly colourless. The streak is nearly white. The 
mineral may occur in compact, scaly, or imperfectly fibrous masses, nr in isolated 
or grouped crystals — the groupings may be mammillary or fascicled. The short 
prismatic crystals are sometimes tabular, and, according to G. J. Brush and 

E. S. Dana, they are monoclinic, with the axial ratios a : b:v 1*9192 : 1 .0*5245, 
and ft— 84° 1'. The (100)- and (llO)-faces may be striated A des Hoizeaux and 
A. Damour found the sp. gr. of the yellow crystals to be 3*185, and of the red crystals 
3*198 ; G. J. Brush and E. S. Dana gave 3 149 for the sp. gr. The hardness is 5. 
A. des Cloizeaux and A. Damour found that the optic axial angle for yellow light is 
2H- 8G° 22' ; and as the temp, rises 100", the angle changes 6° 34'. W. T. Sclialler 
described a mineral from Pala, California, which he called palaite, and its analysis 
corresponds witli the tetrahydrale of manganous dibydrotetraorthophosphate, 
5Mn0.2P 2 () 5 .4H 2 0, or H 2 Mn 5 (P0 4 ) 4 3H 2 0. Its sp. gr. is 3*14 to 3*20; and its 
mean refractive index is 1*655. 

F. J. Otto prepared ammonium manganous phosphate, (NH 4 )MnP0 4 .IJ 2 0, by 
boiling a mixture of a soln. of manganous chloride, hydrochloric acid, and sodium 
Jiydrophosphate or phosphoric acid, saturating the liquid with ammouia, and 
immediately corking the flask. The white hydrated manganous phosphate first 
precipitated changes immediately into pearly scales of the complex salt, which are 
then collected on a filter and washed with water. If air be not excluded, manganic 
oxide is formed, and it imparts a reddish tinge to the salt ; but when once formed 
the salt is not altered by air or by water containing air. W. Heintz prepared it by 
dropping an excess of a soln. of sodium hydrophosphatc into a cold, feebly am- 
moniacal soln. of a manganous salt and ammonium chloride. O. W. Gibbs mixed a 
soln. of a manganous salt with an excess of sodium hydrophosphatc, dissolved in an 
excess of hydrochloric acid, heated the mixture to its b.p., saturated it with ammonia, 
and boiled it for 15 mins. (\ D. Braun, and F. Grossmann used an analogous 
process. According to F. J. Otto, and P. Nuka, the salt forms white pearly scales, 
which when heated give of! ammonia and water, forming manganous pyrophosphate. 
W. Heintz said that at 110° to 120 n the salt loses only hygroscopic water. 

F. J. Otto said that it does not dissolve in cold or boiling water, but 0. R. Freseuius 
found that 10O parts of cold water dissolve 0*00304 part of the salt ; and 100 parts 
of boiling water, 0*00497 pan. F. Grossmann observed that the salt is decomposed 
by water : 3(NH 4 )MnP0 4 +8H 2 0-NH 3 f (NH4) 2 HP0 4 +Mn 3 (P0 4 ) 2 .8H 2 0. A litre 
of water can transform 0*3032 grm. of the salt. The proportion transformed is 
reduced in the presence of sodium or ammonium hydrophosphatc, ammonium 
chloride, or manganous sulphate, all of which furnish ions corresponding with those 
given by the substances on the right side of the above equation. The decom- 
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position of the salt by 0*005 N-phosphoric acid is attributed to Ihe decrease in the 
phosphate ions by the acid. Acetic and carbonic acid first transform the complex 
salt into normal manganous phosphate, before forming the respective manganous 
salts. F. J. Otto found that the salt is easily soluble m acids, and when ammonia 
is added to the snln., manganous phosphate is precipitated, but this immediately 
forms ammonium manganous phosphate. 0. W. Gibbs said that the salt is not 
soluble in aq. ammonia or soln. of ammonium salts; but C. R. Fresenius observed 
that 100 parts of a 1*4 per cent. soln. of ammonium chloride dissolve 0 00.562 part, 
and since ammonia forms some manganous hydroxide, an excess of ammonia is to bo 
avoided when manganese is precipitated as ammonium manganous phosphate in 
analytical work. F. 3. Otto found that with a cone soln of potassium hydroxide, 
ammonia is evolved, but the salt is not decomposed bv aq ammonia, or a soln. of 
potassium cm bona to. P. Wenger found the composition of the dried salt to 
cot respond with the Jirptahydratr , tNH 4 )Mnl , 0 4 7II 2 0. The solubility in water 
below 60° is too small for measurement by gravunel ric analysis ; but, expressing 
the solubility as S parts of NH 4 MnP0 4 .7H 2 0 m KXJ parts of solvent, with a soln. 
of 4 per rout . ammonia and 5 per cent, ammonium chloride, S- 0*0158 at 20° and 
0*0245 at 60 r , while with a soln. of 4 per cent, ammonia and 10 per cent, ammonium 
i blonde, S 04)375 nt 20° and 0*0543 at G0 U ; and with (he solvents water, 5 per 
rent N11 4 NOj, 5 j»ei cent. N1I 4 C1, and A f -HCl : 
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winch was named lithiophilite from lithium and <fn Aoj, a friend. Its analyse, 
reported by .1 V. Schairer, G. .1 Brush and E S. Dana, E. S Simpson, and 
S J, iVntield, corresponds with lithium manganous phosphate, LiMnP0 4 , where 
Mn represents bivalent manganese and iion ranging from 1 : 0*3 to 1 . 0, so that 
the colour vanes with the proportion of iron from salmon pink to clove-brown 
lithiophilite, with very little iron, to bluish grey tnphvlite containing very little 
manganese The colour of lithiophilite may be greem^h-grev, salmon-pink, honev- 
yellow, yellowish-brown, and light clove-brown. Jt may be nearly black on the 
surface. The streak is colourless to grevish-white. The plcochroism is a deep 
pink, b faint pink, and c- pale greenish- yellow. The rhombic crystals are wo- 
rn orphous with those of tnphylite -vide infra The optical character is negative - 
11. Berman and F A. Gonyer said positive. For the index of refraction by K. L Pen- 
held and .1 II Pratt, vide triphvlite. E. Somme rfeldt gave for the optic axial angle, 
2P 56° 4', and. for Na -light, the change wuth temp from - 15 to Jt) exceeds 
17 1 34'. H. Berman and F. A. Gonyer gave 2T -60 . The sp gr. observed by 
G. J. Brush and E. S. Dana ranges from 3*424 to 3*432, and by S. L. Penfield, from 
3*398 to 3*504. H. Berman and F. A Gonyer gave 3*481 The hardness is 4*0 to 
4*5. If. Berman and F. A. Gonyer gave for the indices of refraction a 1*675, 
8 1-679, and y 1*688. The transformations in nature were discussed by 
G. J. Brush and E. S. Dana, and by F. P. Dewey. J. N von Fuchs described a 
mineral from Bodonmais, Bavaria, which he named triphylite or rather tnphylin — 
from rpU t threefold, and family, in allusion to its containing three phosphates. 
J. J. Berzelius called a sample from Finland, Mraphylin , and N. G. Nordcnskjold, 
perowskyn. Analyses were reported by J. N. von Fuchs, E. P. Henderson, F. Oosten, 
G. G. Wittstein, C. Fr Rammelsberg, IS. L. Penfield, A. Lacroix, and W. Baer. The 
analyses agree with the formula Li(Mn,Fe)F0 4 . As just indicated, there is a range 
of iaomorphouB lithiophilites and triphylites with almost LiMnP() 4 at one end of 
the senes and LiFeP0 4 at the other end. The colour is greenish-grey or bluish- 
grey, passing into the colours of lithiophilite. Tnphylite usually occurs in cleavable 
or compact masses ; the crystals are rare. The faces are uneven. G. Tschermak 
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found tlio axial ratios of the rhombic crystals to l>e a : b : c =0-4348 : 1 : 0-5265. 
The (OOl)-cleavage is perfect ; the (OlO)-cleavage is distinct ; and the (110) -cleavage 
is interrupted. The optical character is positive ; and the optic axial angle 2 H a is 
74° 45' for red-light, and 2/7 fl — 79° 30' for blue-light. For 2 V, vide infra . 
J, D. Dana also examined the crystals. F. Oestcn gave for the sp. gr., 3*545 to 
3-561 ; and S. L. Penfield, 3-482 to 3-549. The hardness is between 4 and 5. 
8. L. Penfield and J. H. Pratt found for the indices of refraction of samples with 
different proportions of iron, for Na-light : 
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M. Berthelot found that in precipitating a soln of manganous chloride with 
sodium phosphate, the colloidal precipitate rapidly becomes crystalline, forming 
sodium manganous phosphate, NaMnP0 4 , and Ihc heat of the reac tion is 7-5 Cals. 
(J. J. Brush and E. 8. Dana described a mineral natrophilite consisting of sodium 
manganous phosphate, NaMnP0 4 . It occurs at Branohville, Connecticut. Its colour 
is deep wme-yellow. It usually occurs in cleavable masses, and also in rhombic 
crystals isnniorphous with hthiophihte. Its (OOl)-rleavage jk perfect, the (010)- 
clerivnge is distinct, and the (1 10)-eleavage is interrupted. The optical character 
is positive ; the sp. gr. is 3-41 ; and the hardness 4-5 to 5-0 L. Ouvrard melted 
manganous oxide with sodium pyrophosphate, sodium phosphate, or metuphusphate, 
particularly in the presence of sodium chloride, and obtained ihombir prisms of 
sodium manganous phosphate, NaMnP0 4 , isomoTphous with the zinc and cadmium 
salts. Its sp. gr. is 3*1 at 20 u . If rather less sodium pyrophosphate is employed 
dendrites of sodium manganous diorthophosphate, Na 4 Mn(PO j ) 2l are formed. 
The sp. gr is 2-7 at 20°. E. Cohen obtained crystals of 2Na 2 HP0 4 .MTi;i(P0 4 ) 2 .7H 2 0, 
as a by product in the preparation of sodium hydrophosphate. L Ouvrard 
obtained potassium manganous phosphate, KMriP0 4 , by melting an excess of 
manganous oxide with potassium metaphosphatc, or with potassium chloride and 
sodium phosphate or pyrophosphate ; and H. Grandeau, by melting at a high 
temp, a mixture of manganous hydrophospliate and an excess of potassium sulphate. 
L. Ouvrard found that the rose-pin V crystals arc probably rhombic, and have a 
sp. gr. of 3-2 at 20°. 0. Grube and M. Staesche regarded manganous dihydro- 

phosphate as a manganodiphosphoric acid, H 4 [Mn(P0 4 ) 2 J. 3II 2 0. The colourless 
crystals in contact with water gradually form the normal phosphate. Two salts 
were prepared in stable, colourless crystals, namely potassium manganous tri- 
hydrodiphosphate, K 2 HlMn(P0 4 )2].5H 2 0 ; and sodium manganous dihydrodi- 
phosphate, Na 2 H 2 lMn(P0 4 ) 2 |.4H 2 0. 

G J. Brush and E. S. Dana found a calcium manganous phosphate, Ca 2 Mn(P0 4 ) 2 . 
2H 2 0, at Branchville, Fairfield Co., Connecticut, and they called j t fauifleldite. 
II Berman and F. A. Gonyer represented the composition by (Mn,Fe)0.2Ca0. 
P 2 0r r 2H 3 0. According to G. J. Brush and E. 8 Dana, the colour of fairfieldite 
is white, greenish-white, or pale straw -yellow ; its streak is white. It occurs in 
foliated or lamellar crystalline aggregates, and in radiating or foliated masses. Jt 
also furnishes prismatic crystals belonging to the triclinic system, with the axial 
ratios a:h: r- 0-2797 : I : 0-1976, and a, 102° 8jj', j8 -94° 33j' t and y- 77 1 19,)'. 
The (OlO)-cleavage is perfect, and the (lOO)-cloavagc is distinct. The sp. gr. is 3 07 
t o 3- 1 5, and the Hardness 3*5. II, Berman and F. A. Gonyer gave 3-01 6 for the sp. gr , 
and for the indices of refraction, a -- 1-640, 1-650, and y -1*660; the optical 

character is positive ; and the optical axial angle 2V - 86°. F. Buudberger obtained 
a variety from Zwiesel, Bavaria, which he called Iwu'omawianitc. S. L. Penfield 
obtained calcium manganous phosphate, (Ca t Mn,Fe)3(P0 4 j 2 , from the neighbour- 
hood of Grafton, New Hampshire, and he called it graltonite. The mineral is also 
associated with ferrous oxide. Tts colour when fresh is salmon-pink, and it occurs 
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in monoclinic crystals with the axial ratios a : b : c=- 0*886 : | : 0-582, and 66°, 
The ftp. gr. is 3-672, and the hardness 5. 

A hydrated manganous aluminium phosphate was obtained by G. J. Brush 
and E. 8. Dana, from Branch ville, Connecticut : and K. K. Landes reported it 
from several places in Maine. It was named eosphorite— cmo^opo?, dawn bearing, 
in allusion to the pink colour. It occurs in rose-pink, yellowish, or colourless 
crystals of the composition 2AIP0 4 .2(Fe,Mn)(0H)2 \ 2H 2 0. The analysis reported 
hy (\ Palache and E. V. Shannon agrees with 2MnO.Al2O3.PgO5.4H2O. It 
also occurs compact . The rhombic crystals have the axial ratios a:b:c 
- 0-77680: 1 : 0-51501 ; the (100) -cleavage is nearly perfect. The habit is pris- 
matic. and the faces in the zone (100) : (010) have vertical striatums. The sp. gr. 
is 31 1 to 3*1 45, and the hardness 5. The mineral is feebly pleochroic. a is colour- 
less, j8 light yellow, and y brown. The optical 'character is negative ; the optic 
axial angle 2r~50 r \ and 2H -54° 30'. The indices of refraction a-- 1*638, 
/9 1 -660, and y - 1 *667. E. 8. Larsen gave for the indices of refraction a- = l *631 to 

1-633, fi 1*660 to 1*678, and y— 1*664 to 1*684. G. J. Brush and E. 8. Dana 
obtained a mineral from Branch ville, Connecticut, which they called flllowite — 
after A N. Fillow. Its analysis corresponds with sodium calcium manganous 
ferrous phosphate, (( 1 a 1 Mn,Fe J Na 2 ) 3 (l , () 4 )2.Ho0 1 where the ratios Mn : Fe+Ca : Na 2 
6 2:1. The waxy yellow or reddish- or yellowish- brown mineral occurs in 
granular crystalline masses ; the habit of the crystals is pseudorhombohedral. 
The monorliuir crystals have the axial ratios a : b : c— 1*7303 : 1 : 1*4190, and 
fi 89° 50$'. The (OOl)-rleavage is very distinct The sp gr. is 3*43, and the 
baldness 4-5. The same locality furnished G. J. Brush and E. S. Dana with a 
mineral dickinsoilite after W. Dickinson whose analysis corresponds with sodium 
calcium manganous ferrous phosphate, (Ca.Mn.Fc^ag^PO^.HgO, with the ratios 
Mil : Fe-j Ca : Na 2 (K»,Li 2 )“6 : 3 : 2. H. Berman and F. A. Gonyer gave 
7(Mn,Fe)() 2(Na 2 ,Ko,Ca)().3p205.H.,0. According to G. J. Brush and E. S. Dana, 
dickinsoiiite forms olive-green, oil-green, or grass-green, slightly dichroic masses 
which are foliaceous, micaceous, lamellar, radiated or stellated, as well 
as tabular, pseudorhombohedral, monoclinic crystals with the axial ratios 
a . 6 : c -1-73205 : L : 1*19806, and jS --61° 30'. There are triangular striations on 
the (001) face, and the (001) -cleavage is perfect. The sp. gr. is 3*338 to 3*343, 
and the hardness, 3*5 to 4*0. The two minerals dickinsonite and fillowite are 
closely related and yet have many different properties. II. Berman and F. A. Gonyer 
found the indices of refraction to bo a— 1*648, 1*655, and y- 1*662 ; the optic 

axial angle 2F*-90° nearly ; and the optical character is positive. L. G. Eakins, 
and W. F. Headden described a mineral from the vicinity of Harney City, South 
Dakota, and it was called griphite* from yptyos, an enigma. W. P. Headden 
represented it by the formula 5(Mn,Oa,Fe I H 2j Na 2 )O.P 2 ()5. It occurs in dark brown, 
kidney-shaped masses, optically amorphous. Its sp. gr. is 3*401, and its hardness, 
5-5. H. Berman and F. A. Gonyer described a mineral from Poland, Maine, which 
they called lmd@site after K. K. Landes. The crystals arc rough, with an octa- 
hedral development and a good cleavage (010). The analysis corresponds with 
2Fe 2 O 3 .20MnO.8P 2 O5.27H2O. The optic angle 2V is large ; the optical character 
is negative ; the indices of refraction a= 1*720, jS— 1-728, and y -1735 ; and the 
pleochroism a is dark brown, j8 is light brown, and y is yellow. The sp. gr. is 3*020. 
The mineral triploidito, occurring at Branchville, Connecticut, was named from 
tnplite, and €4805, form. H. Laubmann and H. Steinmetz also found the mineral 
near Hagendorf, Bavaria. The American mineral was described by G. J. Brush 
and E. 8. Dana. The composition approximates 4(Mn,Fe)0.P 2 05.H 2 0, or 
(Mn,Fe)3(P0 4 ) 2 .(Mn,Fe)0H. It has a yellowish- or reddish-brown colour, but 
isolated crystals may vary in colour from topaz-yellow to hyacinth-red. There is 
a faint pleochroism. The monoclinic crystals have the axial ratios a : b : r 

1*85715 : 1 : 1*49253, and /J=71° 46' ; F. Miillbauer gave for crystals from 
Hagendorf, Bavaria, a : b : c~l*8616 : 1 : 1*4886, and jS—JOB 0 18'. The crystals 
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are striated vertically, and commonly appear in aggregates more or less fibrous 
and columnar ; the mineral may also be more or less fibrous, and nearly compact, 
and massive. The (lOO)-cleavagc is perfect. The sp. gr. is 3*697, and the hard- 
ness 4*5 to 5*0. It is soluble in acids. 

A. Schwarzenberg 2 prepared anhydrous manganous pyrophosphate by 
calcining one of the hydrates : J. H. Talbot, G. Berendts, W. Heintz, 
C. H. D. Bodeker, and H. J. Debray, by calcining the hydrophosphate; and 
F. J. Otto, by calcining ammonium manganous phosphate. According to 
A. Schwarzenberg, and G Yortmann, if normal sodium pyrophosphate be added to 
a soln. of manganous sulphate, the amorphous white tnhydrate , Mn.jP2O7.3H2O. 
is formed when the washed product is dried at 1(X>‘\ (A N. Paid discussed the 
possible existence of an cnnraJiyduUe. If it be dried at 120°, the monohydrate, 
Mn2P 2 0 7 .H 2 0, is formed. According to (>. Andersen, Ihc anhydrous salt forms 
brownish-pink, prismatic crystals composed of a great number of thin prisms in 
parallel in tei growth. The powder is pale pink. The axial ratios of the monoclinic 
crystals are a : b : r 0 7834 : 1 , and /?-74° f J'. The (llO)-clcavagc is perfect, 

but the (OOl)-clcavage is poor. The sp gr. is 3-707 at 25^/4 . F. W. Clarke gave 
3*5847 at 20' and 3-3742 at 26°, There is a faint pleochroism- a being light 
pink, and j8 and y nearly colourless with a faint yellow tinge The optic axial angle 
is very large ; the optical character is positive. The refractive indices for sodium 
light w*cre a- 1-695; j8 -1-704; andy 1*710, and the birefringence y a- 0-015. 
The m p. of the salt is 1196 , and when mixed with 7,5, 50, and 25 per cent of 
magnesium pyrophosphate, melting at 1383 , the m p. ure respectively 1242 L ', 1286°, 
and 1340A Heme, the cj ystals of manganous and magnesium pyrophosphates are 
isomnrphous of the simple type, with no maximum or minimum (Fig. 6 1. 10, 2). 
The mean Tefractive indices of manganous and magnesium pyrophosphates are 
respectively 1*70 and 1-60; and for mixtures of manganous pyrophosphate w r ith 
75, 50, and 25 per cent, of magnesium pyrophosphate, the mean rcfiactive indices 
are 1-67, 1-65, and 1-63, respectively The complex 1011s [Mn 2 (P 2 () 7 )a]"""" U( * n * 
studied by R. Freed and (\ Kasper. U. Foex and A. Brunet found that the coeff. 
of magnetization, 103-1 X 10" 0 at IGA, varies inversely as the temp, at - 250° 
instead of following Curie’s law. The coeff of magnetization is constant between 
—80' and 485°. H. Struve found that if the pyrophosphate l e heated to whiteness 
in hydrogen, it forms manganous orthophosphate (q.v ), and if heated in a carbon 
crucible, manganese phosphide is formed. A. Schwarzenberg said that the pre- 
cipitated salt is soluble in a soln of sodium pyrophosphate , and II. Rose, not 
soluble in a soln. of manganous sulphate. C. N. Pahl added that the washed salt 
is sparingly Boluble in a soln. of sodium pyrophosphate, but more soluble in a soln. 
of potassium pyrophosphate. C D. Braun found that hydrochloric acid dissolves 
the salt, forming when warmed a bluish-violebliquid. A. Schwarzenberg found that 
the soln. in sulphurous arid when boiled forms tabular plates of what C. N. Pali! 
regarded as dihydropyrophosphate A Schwarzenberg found that the salt is 
decomposed by potash-lye, and C. I). Braun that when the precipitated salt is 
shaken with water and lead dioxide, a greyish-violet coloration appears. Accord- 
ing to C N. Pahl, if a soln. of the trihydrated sail in oxalic acid be evaporated, 
rhombic prisms of manganous dihydropyrophosphate, MnH 2 P 2 0 7 .4H 2 0, arc 
formed ; and the same salt is produced from a soln. of the trihydrated normal 
salt in sulphurous acid. The dihydropyrophosphate is soluble in water, it does 
not melt at a red -Jieat. 

According to K. A. Wallroth, if ammonium sodium phosphate be melted with 
manganous oxide, sodium manganous pyrophosphate, Na 2 MnP 2 0 7 , is formed ; 
and L. Ouvrard obtained the same salt by melting an excess of sodium metaphos- 
phate with manganous oxide, or carbonate. The prismatic crystals have a sp. gr. 
of 2*9 at 20°. A. Rosenheim and co-workers prepared the tetrahydrate , Na 2 [MnP 2 0 7 ]. 
4H 2 0. (\ N. Pahl obtained the hewiennmhydrate, N & 2 MnP 2 0 7 .4 j H 2 C) , by adding 
manganous sulphate to a soln. of sodium pyrophosphate so long as the precipitate 
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Te-dissolves. If the liquid be boiled, or if it be allowed to stand 24 -hrs., prismatic 
crystals are deposited. It melts when heated to redness. It is sparingly soluble 
in water. H. Rose said that the original soln. is not precipitated by ammonia or 
ammonium sulphide ; and C. N. Pahl, that it is not precipitated by potassium 
ferrocyanide. According to t\ N. Pahl, if manganous pyrophosphate stands for a 
long time in contact with a soln. of sodium pyrophosphate, or if the mixture be 
warmed, sparingly- soluble crystals of sodium manganous pentapyrophosphate, 
2Na 2 P 4 07.3Mn2p 2 0 7 .24H 2 0, are formed. The salt fuses at a red-heat. 

According to. G. Buchner, if a 5 per cent. soln. of sodium pyrophosphate be 
added to a soln. of a salt of the ammonium sulphide group, a precipitate is obtained 
soluble in an excess of the reagent. The addition of ammonium sulphide to this 
soln. precipitates the metals as sulphides in the case of zinc, cobalt, nickel, and iron 
(ferrous and ferric), but produces no precipitate with manganese (manganous and 
manganic), uranium, chromium, or aluminium. When these last-mentioned soln. 
arc heated, or allowed to stand for some time, the manganese is precipitated as 
pyrophosphate of manganese, ammonium, and sodium. The soln. containing 
aluminium and chromium become turbid if boiled and subsequently cooled ; but 
in the case of uranium the soln remains clear even after boiling. If a soln. of an 
iron sail is precipitated by ammonium sulphide, and a soln of sodium pyro- 
phosphate subsequently added, the ferrous sulphide dissolve* when the liquid is 
boiled, forming a colourless soln. which becomes dark green on cooling, and finally 
deposits nearly all the iron as sulphide. G. Buchner thus found that ammonium 
sodium manganous pyrophosphate, (NU 4 )NuMnr 2 0 7 3 hL 0 , is obtained in white 
crystals when a soln. of manganous sulphate is mixed with sodium pyrophosphate 
so that the precipitated manganous pyrophosphate re- dissolves, and the soln. 
treated with ammonium sulphide and allowed to stand for some time or boiled. 
It is also produced when manganous sulphide, precipitated from a manganous 
sulphate soln. by ammonium sulphide and ammonia, is dissolved in a soln. of 
sodium pyrophosphate and allowed to stand. The addition of sodium carbonate 
1 ci the soln. gives no precipitation, but potassium hydroxide precipitates manganous 
hydroxide The same salt is produced when a soln. of manganic pyrophosphnlc in 
sodium pyrophosphate is treated w T ith ammonium sulphide and boiled or allowed 
to stand for some time. According to F. J. Olto, the complex salt is formed if a 
soln. of sodium pyrophosphate is warmed with manganous sulphate and aq. 
ammonia, so that the flocculent precipitate forms a yellow granular powder. This 
can be washed with boiling water. The salt is stable in air ; when heated it gives 
off water and ammonia ; cone, potash-lye also expels ammonia ; when boiled with 
cone, nitric acid, hydrated manganese dioxide is precipitated. The salt does not 
dissolve in water or alcohol, but it is easil} 7 soluble in dil. acids 

According to L. Ouvrard, if manganous oxide or carbonate be melted with an 
excess of potassium metaphosphate, rose-coloured prisms of potassium manganous 
pyrophosphate, K 2 MnP 2 07, are funned. The sp. gr. is 3 d at 20° ; and the salt is 
soluble in dil. acids. C. N. Pahl obtained the octohydrate , K2M11P2O7.HH2O, by 
adding manganous sulphate to a soln. of sodium pyrophosphate so long as the 
precipitate re-dissolves, and allowing the liquid to stand for some hours. The 
hexagonal plates or six-sided prismatic crystals readily fuse. The syrupy soln. 
of manganous pyrophosphate in sodium pyrophosphate furnishes colourless, micro- 
scopic, sparingly- soluble crystals of potassium manganous tripyrophosphate, 
2K 4 P 2 O 7 .Mn2P 2 O 7 .10H2O. The salt fuses at a red-heat. 

R. Maddrell, 3 and T. Plcitmann prepared manganous dimetaphosphate , 
Mn(P0 8 ) 2 , by treating manganous sulphate 4 or other manganous salt with an excess 
of phosphoric acid at 316 °. The same product was obtained by T. Fleitmann by 
heating the hydrate at a red-heat. The white or reddish-white powder is insoluble 
m water and dil. acids; it dissolves in cone, sulphuric acid. It is decomposed 
when warmed with ammonium or sodium sulphide ; and when digested with 
sodium carbonate soln. it forms sodium dimetaphosphate. F. Warschauer regarded 
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this salt as a tctranietaphosphate, and G, Tammann, as a trimetaphosphatc. The 
tetrahydiale, Mn(P03) 2 .4H 2 0, was obtained by T. Fleitmann from a mixture of a 
cone. soln. of ammonium di metaphosphate and an excess of manganous chloride, 
by adding alcohol, and allowing it to stand some time. G. Tammann gave the 
formula I-5{Mn(P0 3 ) 2 }.6-5H 2 0. T. Fleitmann, and A. Glatzel, by adding 
ammonium chloride to a soln. of manganous dimetaphosphate, obtained ammonium 
manganous dimetaphosphate, (NH 4 ) 2 Mn(P 2 0 e ) 2 .4H 2 0, in efflorescent crystals. 
A. Glatzel found that 100 parts of water dissolved 1-205 parts of salt. All the water 
of crystallization is lost at 150° ; and at a higher temp, ammonia and some 
phosphoric oxide are given off, and at a red- heat the salt fuses. The salt is easily 
decomposed by acids. A. Glatzel obtained similarly potassium manganous dimeta- 
phosphate, K 2 Mn(P 2 O 0 )2.6H 2 O, in flesh-coloured crystals ; 100 parks of water 
dissolve 1-052 parts of salt. The salt is dissolved when boiled with cone, sulphuric 
acid. It loses 3 mols. of water at 100°, and the remainder at dull redness, without 
changing its constitution. It sinters at a higher temp, and then becomes insoluble 
in acids. Similarly with sodium manganous dimetaphosphate, Na 2 Mn(P 2 () 6 ) 2 ,6H i >( K 
which loses its water of crystallization at 200° ; it melts at a red-heat, and then 
becomes insoluble in sulphuric acid. Before the calcination the salt is easily 
dissolved by boiling, cone, sulphuric acid. 

H. Rose said that sodium trimctapliosphate gives no precipitate with soln. of 
manganous sulphate. F. dc Carli studied the glasses formed with sodium inetu- 
phosphate. According to (}. Tammann, T. Fleitmann’s dimetaphosphate is 
manganous trimetaphosphate, Mn 3 (P0 3 ) 6 . T. Fleitmann and W. Henneberg 
obtained the enneahydrate, Mn 3 (P0 3 ) fl .9H 2 0, by treating a soln. of manganous 
chloride ot sulphate with sodium tri metaphosphate. <J Tammann found that the 
salt melts at a red-heat, and that UK) o.c. of water at 20° dissolve 0*97 grin, of the 
salt. C. G. Lindboom obtained the henahydrate , Mn 3 (PO 3 )0.ll H^O, in colourless 
triclimc prisms from a mixed soln. of sodium triphosph ate and manganous chloride. 
The salt loses its water when heated, and docs not melt below- redness It is 
decomposed by molten sodium carbonate ; is sparingly soluble in cold and warm 
water ; it dissolves in hydrochloric acid. The cold. aq. soln , if allowed to stand 
some time, or if warmed, gives a precipitate when boiled with ammonia, ammonium 
sulphide, sodium hydroxide, and sodium carbonate. A. Wiesler found the eq. 
conductiviiy, A, of a soln. of J{Mn 2 (P0 3 )e.l JH z O} in v litres of water at 25° to be : 

t; .32 04 128 256 512 1024 2048 

A .33 6 39-7 47 8 580 71 3 90 3 1 11-7 

so lhat A2024 32* H. Sehjcming prepared sodium manganous trimeta- 

phosphate, NaMn(P0 3 ) 3l from a mixture of 2 grins, of manganic orthophosphate, 
3 grms. of phosphoric acid, and 10 grins, of sodium ammonium phosphate at a 
dull red-heat, and washing the cold mass with water. The crystals are insoluble 
in water and very resistant towards dil. acids and bases. The salt dissolves' 
without decoloration in cone, phosphoric or cone, sulphuric acid. T. Fleit- 
mann and W. Henneberg also prepared a sodium manganous trimetaphosphatc as a 
precipitate from a mixed soln. of sodium trimetaphosphatc and manganous chloride. 

A. Glatzel prepared manganous tetrametaphosphate, Mn 2 (P0 3 ) 4 , by melting a 
mixture of manganous carbonate and phosphoric acid at dull redness. The needle- 
like crystals have a pale violet colour ; they melt at a bright red-heat. The salt is 
not attacked by acids ; it is decomposed by fused sodium carbonate ; and is 
slowly decomposed in the cold by alkali sulphides. The decahydrale , Mn 2 (P0 3 ) 4 . 
10H 2 0, is obtained by mixing soln. of manganous chloride and sodium tetrameta- 
phospluitc. The pale red crystalline mass loses its water of crystallization at 200°, 
and melts at a bright red -heat. 100 parts of water dissolve 1-02 parts of the 
salt ; the hydrate is sparingly soluble in acids, but dissolves in cone., boiling 
sulphuric acid. K, Warschauer regarded T. Fleitmann’s dimetaphosphate as 
tetranietaphosphatc. 
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A (‘cowling to H. Hose, a soln. of manganous sulphate giveR a white oily pre- 
cipitate when treated with sodium hexametaphosphate, and the oil dissolve** in an 
excess of the sodium salt ; ammonium sulphide precipitates manganous sulphide 
from the soln. ; and F. J. Otto obtained a similar precipitate from the soln. in 
nitric acid. 0. D. Braun found that it forms a reddish- violet soln. when warmed 
with hydrochloric acid, and a greyish-violet, coloration when shaken with lead 
dioxide. A. Glatzel, and fl. Liidert prepared manganous hexametaphosphate, 
3Mn().3P 2 0 B , or Mn 3 (PO a ) fl , by allowing the turbid mixture obtained from cone, 
soln. of manganous sulphate and sodium hexametaphosphate to stand for some 
time. A rose-coloured sticky mass is obtained. It is slightly soluble in water — 
forming possibly a peptized soln. The colloid dries in air to form a pale rose- 
coloured glass, and if heated it yields a pinkish-grey powder. It melts at a red- 
heat. 

(J Tamm arm reported sodium manganous octometaphosphate, Na 2 Mn 3 (r0 3 ) 8l 
to be formed by melting equimolar proportions of a manganouH salt and ammonium 
sodium hydrophosphate. The pale rose cubic crystals form rosette gioups. They 
have an anomalous birefringence. The salt is insoluble in acids- excepting cone, 
sulphuric arid ; and is scarcely attacked by potassium sulphide during a week’s 
action. 

(I. Taminiuin heated T. Fleitnmnn’s ammonium dimetaphosphate to 200°, and 
treated the product, for many weeks with an excess of a soln. of manganous .sulphate, 
when n soln. of manganous decametaphoBphate,5Mn0.r)P 1 ,() 6 .l2H 2 (), or Mn 5 (PO 3 ) l0 . 
PJIloO, is homed. The soln giveH a flocciilent precipitate when treated with water, 
tii form a sticky mass. 

M Stnngc reported sodium manganous triphosphate, Na H MnP 3 Oj 0 .18IlgO, to 
be funned when a soln. of 0-37 grin, of crystalline manganous sulphate is added 
to a soln. of a gram of sodium triphosphate. In about five minutes tine prismatic 
snow white aggregates of crystals begin to form. The salt is sparingly soluble in 
w utcr : it intumesces when heated ; and becomes anhydrous at a red-heat. It 
melts to a colourless glass. The salt which has been fused dissolves in sulphuric 
acid. 1\ Gliihmann represented the composition by Na s Mnl > 3 0 10 .6H 2 (). 
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§ 27. Manganic Phosphates 

(). T. Christensen 1 prepared manganic orthophosphate, MnP() 4 H 2 <), by 
decomposing manganic acetate with phosphoric acid, hut more conveniently hy 
adding a cone. aoln. of manganous nitrate in nitric and to a hot, aq. sol ti. of phos- 
phoric acid. The wait soon beginw to form, with the evolution of nitrous fmne^ ; 
and it is washed with water, and dried at 100 to il0 N , The greenish-grey crystal- 
line powder slowly loses water at 300° to 400 n , and rapidly at a red-heat, vuth the 
simultaneous loss of oxygen. After calcination there remains munganous pyro- 
phosphate. A. Travers also made this salt. According to F. Ficliter and 
E. Brunner, manganic phosphate is very stable. A cone. soln. of manganous 
carbonate in phosphoric acid becomes amethyst-red when it is treated with fluorine, 
but the oxidation is not complete*. It is assumed that fluorine acts first upon the 
phosphoric acid, forming munoperphosphoric acid, which readily oxidizes man- 
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ganous sulphate in acid soln. to manganic phosphate. J. Schmidlin and P. Massini, 
who first prepared monoperphosphoric acid, considered the amethyst colour to be 
due to permanganic acid, but spertrographic examination showH at once that the 
dark lines arc lacking. J. Chloupek studied the potential of platinum in soln. of 
phosphoric acid and manganic oxide. R. H. Weber found the mnl. magnetism of 
manganic phosphate to be 0-01084. 0. T. Christensen observed that dil. nitric or 

dil. sulphuric acid is without action, but boiling roue, sulphuric acid forms a violet 
soln. which, on standing, deposits a crystalline precipitate of Mn 2 0 3 .480 3 ; cone, 
hydrochloric acid dissolves it slowly with the evolution of chlorine. It forms a 
violet soln. in molten phosphoric acid at 110° ; and at 170° to 180° more of the 
salt is dissolved and a dark red precipitate, probably manganic hydropyrophosphate, 
is formed; at 220 <J , Ihe red salt of H. Laspeyres is produced. H. Laspoyres 
observed that the red soln. is decolorized when heated in a platinum dish oil a 
water-bath. No gas is developed, and a greenish-grey crystalline powder is 
deposited. It is insoluble in water. The salt, calcined at a dull red-heat or other- 
wise, forms chlorine when it is heated with hydrochloric acid. It dissolves in 
phosphoric acid at 100 L to 110’ forming an amethyst blue syrupy liquid which, 
when concentrated on a water-bath, finally yields amethyst-blue, six-sided, 
birefringent plates insoluble in water. R. H. Weber studied the magnetic 
properties. 

J. Meyer and J. Marek found that the violet colour produced when manganous 
salts are oxidized in the presence of phosphoric acid is due to the presence of 
manganic trihydrodiorthophosphate, MnF0 4 .H 3 P0 4 , or diphosphatomanganic acid 
or manganidiorthophosphoric acid, Il ;1 [ Mn(P() 4 ) 2 ], which has been prepared by the 
interaction of anhydrous manganic acetate and cone, phosphoric acid at 100°. 
The reddish-violet crystals are very unstable, and readily absorb moisture, forming 
manganic orthophosphate. The soln. in phosphoric acid is more stable, and when 
electrolyzed the manganese collects about the anode, showing that it is present as 
a complex anion. The acid furnishes a series of salts which furnish nionoclinic 
daik red or violet crystals excepting the guanidine salt, which is dark yellow. 
The guanidine salt is anhydrous, the other salts are red or violet. This difference 
is taken to indicate that the wafer of hydration is not contained in the complex 
anion, but is simply water of crystallization. The potassium salt is deliquescent, 
the other salts are stable in air ; they are decomposed by hot water, depositing 
brown hydrated manganic hydroxide. Tone, sulphuric, phosphoric, and hydro- 
fluoric acids form violet soln. ; cone, hydrochloric acid gives a brownish-green 
soln. which when warmed gives off chlorine ; cone, nitric acid forms a deposit 
of hydrated manganese dioxide ; cone, acetic acid has no action. Dil. hydro- 
chloric acid dissolves the salt ; dil. nitric and sulphuric acids decompose it ; oxalic 
acid reduces the salts to form manganous salts. The soln. in dil. phosphoric aciu 
gradually deposit greyish -green manganic orthophosphate. Ammonium sulphide 
gives red manganous sulphide ; sodium hydroxide or carbonate precipitates brown 
manganic hydroxide ; and aq. ammonia gives a brown soln. of colloidal manganic 
hydroxide. Barium carbonate and sodium di hydropyrophosphate give a greyish- 
green deposit of manganic orthophosphate. The ammonium dihydromanganidi- 
orthophosphate, (NH 4 )H 2 |Mn(P0 4 ) 2 ].3H 2 0, is obtained by adding manganidi- 
ortliopbnsphoric, acid to an anmioniacal soln. of ammonium chloride, or by mixing 
a soln. of ammonium hydrophoaphate und mangunidiorthophosphatc. The guani- 
dine salt . (CN 3 H 6 )II 2 [Mn(r0 4 ) 2 l was prepared similarly; likewise also lithium 
dihydromanganidiorthophosphate, IjTI 2 |Mn(P0 4 ) 2 ].3H 2 6 ; sodium dihydroman- 
ganidiorthophosphate, NaH 2 [Mn(P0 4 ) 2 |.>iH 2 0, both as the In hydrate and penta- 
hydmtc ; and potassium dihydromanganidiorthophosphate, KH 2 | Mn(P0 4 ) 2 ].3H 2 0. 
A Yakimach also obtained this salt. 

What is supposed from the analysis of K. Hermann to have been manganic 
pyrophosphate was prepared in the form of the actohydratc , Mn 4 (P 2 0 7 ) 3 .8H , 2 0, by 
L. Umelin, by the action of cone, phosphoric acid on manganosic oxide or manganese 
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dioxide at a red-heat ; H. Luspeyres worked at 100° to 1 J()°. R. Hermann, and 
H. Rose used manganic oxide ; H. Rose used alkali manganates or pcriiianganntos ; 
and A. Barreswil, and F. von Kobcll used manganous salts mixed with nitric acid 
or nitrates. The violet mass is blue when hoi It forms a columbine-red soln. 
with water ; F. Hoppe-Seyler examined the spectrum of the aq. soln. L, (riuelin 
found that the aq. soln. is not decomposed by a large excess of water, but if a soln. 
in 0 vols. of water be allowed to stand for a few days it becomes turbid. The 
aq. soln. is immediately decolorized by hydrogen sulphide or sulphurous acid. 
R. Hermann said that if the aq soln. is allowed to stand a long time, it deposits 
light brown crystalline grains, probably of hydrated manganese dioxide. The 
peach-coloured mass is insoluble in all acids excepting hydrochloric acid : it is 
decomposed by hot potash-lye. According to V. Auger, the tetradeca hydrate, 
Mn 4 (P 2 0 7 ) 3 .14H20 J is obtained by fusing manganese nitrate with phosphoric acid 
at 210°, extracting the fused mass with water, and adding alcohol to the violet - 
coloured extract ; the suit separates as a buff-coloured, crystalline precipitate 
which loses 10H 2 O at 185° and the remaining 4Ho() at 440 \ (\>ld soln. of alkali 

hydroxide extract phosphoric acid, which appears in soln. as a pyrophosphate. 
Sulphuric acid dissolves it with a violet colour which becomes red on dilution. 
Cold phosphoric acid dissolves it ; from the violet soln , which becomes rapidly 
colourless, the phosphate MnP0 4 H 2 0 separates. H Sclijeraing found that 
manganic hydropyrophosphate, MnHP 2 0 7 , is best obtained by adding manganic 
orthophosphate to molten orthophosphoric acid in a platinum crucible at 220 u to 
230° so long as it dissolves therein, and continuing the heating for to H hrs. with 
frequent stirring until the mass has become semi-solid. While still warm this 
product is thrown, in small portions, into cold water, the precipitate washed until 
free from phosphoric acid, and dried at 97°. It is pansy-coloured and of uncertain 
crystalline form ; it undergoes oxidation when moist, and is readily decomposed 
by alkalies and acids, evolving chlorine with hydrochloric acid and yielding a pre- 
cipitate of a higher oxide of manganese with sulphuric and nitric acids ; when 
heated, it loses water and oxygen and is converted into manganous nietaphosphate. 
A. Rosenheim and T. Triantaphyllidos regarded HMnP 2 0 7 as inangampyro- 
phosphoric acid which furnishes manganipyrojihosphates analogous to the corre- 
sponding chrumipyrophosphates, mulybdipyrophosphates, bismut lnpyrophosphates, 
thallipyrophosphates, and ferripyrophosphates. 

P. Barhicr prepared ammonium manganic pyrophosphate, (NH 4 )MnP 2 0 7 , by 
heating a mixture of precipitated manganese dioxide and diammonium hydrogen 
phosphate made up to a paste with water : a decomposition takes place, with 
liberation of ammonia. The product is heated with syrupy phosphoric acid until 
it becomes violet. On washing out with water, an insoluble, violet powder is left. 
This ammonium manganic pyrophosphate is decomposed by hydrochloric acid and 
by alkali-lye. W f hen heated to redness it leaves a residue of manganous meta- 
phosphate. A. Rosenheim and T. Triantaphyllides prepared the trihydrate , 
MH 4 (MnP 2 0 7 ).3H 2 0, by the process used for the sodium salt. 0. T. Christensen 
prepared sodium manganic pyrophosphate, NaMnP 2 0 7 .5H 2 0, by mixing a soln. 
of the acetate in glacial acetic acid with sodium pyrophosphate soln. ; the salt is 
deposited as a red crystalline precipitate. It is also prepared by treating manganic 
oxide with cone, hydrochloric acid, and filtering this soln. into a soln. of sodium 
pyrophosphate in large excess. The salt is dried at the ordinary temp. It easily 
loses its water of crystallization. Manganese dioxide may also be used for this 
preparation, and this supports the hypothesis that when treated with hydrochloric 
acid the dioxide does not yield the tetra- but the trichloride. A. Rosenheim and 
T. Triantaphyllides prepared this salt by dropping a soln. of manganic oxide in 
cold, cone, hydrochloric acid into a sat. soln. of sodium pyrophosphate. H. Schem- 
ing prepared potassium manganic pyrophosphate, KMnP 2 0 7 , by adding a soln. of 
manganic orthophosphate in molten orthophosphoric acid to molten potassium 
nitrate ; after continuing the heating for a minute or two, the melt was poured on 
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to iron or atone and, when cold, treated with cold water. The new salt is somewhat 
darker than the pansy-coloured manganous hydropyrophosphate and more stable 
to acids and bases ; it is insoluble in water. When heated it becomes darker and 
then loses oxygen ; when cooled by carbon dioxide and ether it becomes much 
paler. A. Rosenheim and T. Triantaphyllides prepared a pale violet penfahydrate , 
K(MnP 2 0 7 ).5H 2 (), Rtable below 10°, and the trihydrate , K.(MnP 2 0 7 ).31I 2 0, which ib 
decomposed by boiling water. From it may be obtained insoluble pink silver 
manganic pyrophosphate, Ag(MnP 2 0 7 ).;31I 2 0, and insoluble pink barium man- 
ganic pyrophosphate, Ba(MnP 2 0 7 )2.~bH<i(). 

V. Auger prepared manganic metaphosphate, Mn(PO :j ) 3 , by rubbing together 
21K) grnia. of phosphoric oxide with 100 grins, of manganese dioxide and some water. 
The mixture becomes hot ; the blue paste is heated until it becomes hard, and is 
then washed with water. H. Schjerning prepared it by heating a soln. of manganic 
orthophosphate in molten orthophosphorie acid at 350" until the mixture becomes 
pasty It is then treated with cold water. The red crystalline produet when hot 
is pansy coloured, and w r hen cold pale red. it is insoluble in water. It is very 
stable towards acids, but is decomposed by alkali-lye. A. Travers made this salt ; 
and Jj. (ijuelin, and R. Hermann prepared the hydrate , Mn(P0 3 ) 3 .H 2 (), by heating 
to redness a mixture of munganosic or manganic oxide* or manganese dioxide with 
an excess of phosphoric acid. I\ Barbier obtained it by heating precipitated 
manganese dioxide w r ith 4-5 times its weight of phosphoric acid soln. of sp. gr. 
1-70 until nearly dry, then adding 2 more parts of phosphoric acid and heating 
until the mass acquires a pcach-blossom colour. Jt is insoluble in water, but 
dissolves in hydrochloric acid with liberation of chlorine, and is decomposed by 
alkali hydroxides with separation of manganic oxide. 

V. Auger and A. Yakimach prepared ammonium manganic perphosphate, 
(NH^iloMnPaOy, by heating a soln. of a mixture of ammonium hydrophosphate 
and permanganate. Black rhombic crystals separate on cooling— -vide, 8. 50, 29. 

Minerals containing manganous oxide are usually readily oxidized, and triphylito and 
litliiophilite aii* often covered with a brownish-black surface film. The pwudotriphylitc of 
»J. K. Ilium a ih an alteration product of triphylito occurring as an incnistration on the 
triphylito of Kahrnstcin, Bavaria. It approximates a manganic ferric tetraphosphate, 
(L , V,Mn) 2 l , 4 () J> .3H 2 0. W. T. Hooddcn described a mineral from a tin mine in Pennington 
To., South Dakota, with a similar conijwisition. Analyses rcpoitod by U. W. C. Fuchs, 
and .1, R. Blum approximate 4R # 3 P0 4 .9R' # (P0 4 ) a . The heterosite from eTtpo?, other or 
different of F. Alhtaud is a greenish- or bluish grey, brown, or violet, massive mineral, 
from the pegmatite of Limoges, Haute Vienne. Its Bp. gr. is 3-39 to 3-52, and its hardness 
4 to 0. According to H. Berinan, the optical character ib positive ; the optic axial angle 
2P lb small ; the indices of refraction aro a-^1-85, 0 = 1*86, and y — 1-1)1 ; the dispersion is 
fairly strong ; and the pleoehroism a is green ifth-grey, 0 blood -rod, and y deep purplo-red. 
Analyses reported by P. A. DufrSnoy, J. W. Mallet, and C. F. Rammolslierg agree with 
the formula (Mn,Fe)P0 4 . JH a O- -vide the ferric phosphates. A purple variety from Gaston 
Co., North Carolina, wbh called purpurite by L. C. Graton and W. T. Schaller. Its com- 
position is similar to that of heterosite, and approximates (Fo,Mn) l O a .P B O b .H l O. The 
sp. gr. is 3-7, and the moan index of refraction botween 1-60 and 1-65. E. S. Larsen gave 
1*92 for the mean index of refraction. The birefringence is strung. A. Lacroix believed 
that the two minerals are related like lithiophililo and triphylito, purpurite representing 
the members of the series with manganic phosphate predominant, and heterosite with the 
ferric phosphate predominant. A. Daniour described a brown, massive mineral also 
occurring in nodules. It appears to be an impure manganic ferric phosphate from Limoges, 
Hauto Vienne, and ho called it alluaudite — after F. Alluaud. 1th sp. gr. is 3-408; its 
hardness, 4 to 5 ; and, according to E. S. Larsen, its mean index of refraction, 1-830. 
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CHAPTER LXV 

MASURIUM AND RHENIUM 

§ 1. Eka -manganese, or Masurium, and Dwi-manganese, or Rhenium 

Thk periodic table of atomic weight had. until recently, two blanks corresponding 
with elements of atomic number 43 and 75, belonging to the manganese family. 
Following D 1 Mendelceff’s 1 nomenclature -1. (i, 4 these elements border on the 
tiansition families of Gioup VIII, as represented in the portion of the table : 


I 

Cr 

Mu 

j Fe 


24 

25 

2u 

N 

Mo 

y ! 

1 Ru 


42 

43 

44 

Ml 

W 

V 

Os 


74 j 

75 

76 


The blank corresponding with element 43 belongs to eka-manganese, and the next 
blank, corresponding with element 75, belongs to dwi-manganese. 0. H. Bosanquet 
and T. 0. Keeley examined a number of minerals -psilomelanes, rhodonites, rhodo- 
chrosites, and pyrolusites from various localities, polyamitc, wad, manganite, and 
franklinite- as well as samples of manganese extracted from tobernite and from 
thorianite, and a Ru-Rh-Pd alloy from the Urals, by exposing them to cathode-ray 
bombardment in the hope of finding X-ray lines of one or more of the missing 
elements of the manganese family ; but not one of the minerals gave any sign of the 
existence of the missing elements. I. and W. Noddack and I. Tacke, 0. Zvjaginstseft, 
W Frankc, and 0. Berg and I, Tacke sought for the missing elements in a platinum 
earth from Russia, some osmiridium, and platinum residues, as well as in samples 
of columbite and tantalite. The Bubject was discussed by W. Prandtl, E. Rust, 
and R. Swinne. In all cases, evidence of the missing elements is alleged to have 
been discovered. They accordingly called ekamanganese masurium, Ma, from 
Masuren in East Prussia ; and dwimanganese, rhenium, Re, from the German Rhine. 
V. Dolejsek and J. Heyrovsky considered that the evidence for dwimanganese 
reported by W. Noddack and I. Tacke, and 0. Berg and I. Tacke is unsatisfactory. 
They inferred the existence of dwimanganese in some preparations of purified 
manganous sulphate from some irregularities m the potential-current curves ; but 
A. N. Campbell showed that the irregularities might also be due to the over-voltage 
of hydrogen. Hence, the conclusion of V. Dolejsek and J. Heyrovsky may have 
been right and the reasons wrong. V. Dolejsek and J. HeyTovsky said that chlorine 
prepared by the action of hydrochloric acid on pyrolusite contains appreciable 
quantities of dwimanganese as a higher volatile chloride. The subject was discussed 
by M. Herszfinkiel, and N. Seljakoff and M. Korsunsky. 

™L. Xii. 466 2 H 
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§ 2. The Occurrence ol Masurium and Rhenium 

According to W. Noddack and 1. Tacke, 1 and 0. Berg and I. Tackc, columbite 
contains 10“*° to 10 7 part of the mixture of eka- and dwi-manganese elements in 
the proportion 1 ; 10. Traces of ekamanganese were detected in sporrylite, 
gadolinite, fergusonite, and zircon ; and traces of dwiinanganese in tantalite and 
tungsterute. W. and 1. Noddack estimated that gadolinite contained 11x10 7 Re ; 
alvite, 5x10 7 ; gadolinite, 0 to 4 X 10‘ 7 ; columbite, 2 X 10" 7 ; tantalite, 1 -4 X 10“ 7 ; 
orangite, less than 2x10 7 ; malacone, zircon, euxenite, risonte, blomstrandine, 
and fergusonite, less than 1x10 7 ; and traces in samarskitc, monazite, and orthite. 
No known mineral contains more than 0-00] per cent, of rhenium. 

The following proportions of rhenium in various minerals by W. and I. Noddack are 
to lie multiplied by 10 -6 . Alvite, 0*2 to 0*6 ; gadolinite, 04)3 to 1-1 ; hornblende, 0*002 ; 
muscovite, 0 01 ; orthoclaae, 0-02 ; pyroxene, 0*002 ; quartz, 0*007 ; tJiortvoitito, 0*06 ; 
zircon, 0*01 to 0*05 ; columbite, 0*05 to 0*2 ; euxointc, 0*01 ; fergusonite, 0*02 ; hubnente, 
O-Ul ; risonte, 0*02 ; samarskitc, 0 02 ; mlieelito, 0*02 ; tantalite, 0 03 to 0-08 ; wolframite, 
0*02 ; ebrunu* ironstone, 0-01 to 0-02 ; rutile 04)1 to 0-02 ; camutoritc, 0*01 ; arsenical 
pyrites, 0*01 ; arsenical nickel glume, <1*05 ; lead glance, 0*01 ; copjior pyrites, 0*02 to 
0*08; cnmgite, 0*02; gcrmanito, 0*03; stibiute, 0*01; copper glance, 0*04; kupfer- 
schiefer, 0-03; magnetic pjntea, 04)2 to 04)3; marcasite, 0*03; molybdenum glance, 
0-05 to 21*0 ; ]K*ntlandite, 0*01 ; pyrites, 0-01 ; lead selenido, 0*8 ; copper selenide, 0-2 ; 
siher glance, 0*07 ; sulvamte, 0*005 ; lead tellunde, 0-0 1 ; troihte, 0-004 to 0*04 ; bismuth 
glume, 0*02; arsenical nickel, 0*01 ; doincykite, 04)02 ; meteoritic iron, 0 ( 06 to 0*01 ; 
oMiiindium, 0-01 to 1-0; platinum ore, 0-03 to 0*8; and sperrylite, 0-02. The primary 
sulphides have an average of 2 ^ 10 B part of rhenium ; and the silicates, 1 x 10“ 8 part. 

As a general estimate W. Noddack and I. Tacke assumed that the earth’s crust 
contains about 10 " 13 of ekamanganese (masurium) and 10“ 12 of dwimanganese 
(rhenium), os well as 7 x 10“ z of manganese, and 10 2 of iron ; and they gave lateT 
10“ u each of masurium and rhenium. F. H. Lnring observed lines of the element 
rhenium in the X-ray spectrum of manganese phosphate. V. E. St. John said 
that these two elements have not yet been deteeted in the sun, and H. Schober 
discussed the subject. 
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§ 3. The Isolation ol Masurium and Rhenium 

According to W. Noddaok and I, Tacke, 1 a soln. of 100 grins. of platinum earth 
in aqua regia was evaporated 1o dryness, and reduced in hydrogen. The residue of 
the earth, insoluble in aqua regia, was heated to redness in chlorine, and the volatile 
chloride dissolved in water and reduced with zinc. The products of both reductions 
were mixed and heated to redness in oxygen. Osmium and ruthenium tetroxideH 
were distilled off, und on the walls of the quartz tube there collected a black film of 
ruthenium Irioxidc, a white sublimate of arsenic trioxide, and a small white deposit 
consisting of minute, acicular crystals. The white needles were heated in a current 
of hydrogen sulphide, when small spherules of molten sulphide were formed. When 
this product is heated in oxygen, about a milligram of small white crystals collect 
in the cold purl of the tube. The crystals were dissolved in water, and the soln. 
treated with hydrogen sulphide and ammonium sulphide, which did not give a 
precipitate. It is assumed that the soln. contains impure ekamanganesc. 

According to W. Noddack and I. Tacke, the chief source of rhenium was 
coluinbite. It was treated by them as follows : 

1 to 20 kgrmfi. of rolumbite were heated many hours with twice the weight of Hodium 
hydroxide ami 5 per rent, of t xiium nitrate. The cooled product was exposed to air for 
many days and then shaken up with water to yield a 5 per cent . alkali soln. After standing, 
the liquid was filtered and the residue washed with 5 per cent. Rod l um hydroxide, NnOK. 
This dissolved a minimum of enhimbium and tantalum. The green filtrate contained 
man gun it os, And was treated with hydrogen dioxide to precipitate MnO s .H t O ; and with 
5 per cent, ammonium chloride, which precipitated the earthy acids and silica, titauia, 
columbium, tuntalia. The resulting filtrate of 300 litres was weakly acidified with sulphuric 
acid and the nitrous acid removed. A small precipitate of titanium and load and a little 
silica, columbium, zirconium, tantalia. hafnia, but no rhenium came down. Hydrogen 
sulphide was passed in till the soln. was saturated witli the gas. The Rulphido precipitate 
was filtered off and the fdtrate was treated with ammonium hydroxide and ammonium 
Rulphido und re-acidified to 5 per cent, hydrochloric acid. These sulphides wore united to 
the first precipitate and were heated in a stream of hydrogen to remove sulphur. The 
residua contained 40 per cent. Cb, Ta ; 5 per cent . Si ; 6 per cent. Ti, Zr, Hf ; It) per cent. 
Fe, (Jo, Ni. Mil ; 30 per cent. W, Mo, Sn, V ; and 10 per cent, (’u, l J b. As, Sb, Hi. Pi, Ge, 
Zn, Cd ; and traces of lr, Ru, Os. Those sulphides were warmed with dilute ar/uu ngiu. 
and the Hulphur and tungstic acid were filtered off. The filtrate was evaporated to drive 
off the nitric acid. On reduction of tho residue in hydrogen there remained about onu gram 
of substance containing 15 por cent. V ,* 7, Mo ; 3, W ; 10, Ft ; 5, Pb ; 15, As ; 15, Ou ; 
20, Sn, Go, Sb, Bi ; 5, Go, Ni ; 5, Gb, Ti, Ta ; 0-2 Re. The rhenium was identified by the 
distinct La-line. This residue was treated like the osmiridium and wolfram ores, and the 
alkali fusion products were treated with ammonium chloride. Cone, sulphuric acid was 
added to the filtrate and this was again filtered. This left Go, Ni, Cu, Ft, Bi, Nb, Tu, Sn, 
Oe, Sb ; Pb, W, and much V remained behind. A further hydrogen sulphide precipitation 
gave a preparation (0*1 grm.) containing V 20 per cent., Mo 70 per cent., As 5 por cent., 
Cb, Sn, and Sb 3 per cent., and Re 2 per cent. When this was dissolved in aqua regia , 
filtered, freed from HNO g and made 5 per cent, acid, and rapidly saturated with H S N, 
most of the molybdenum was precipitated as MoS a . This precipitate contained only u 
trace of rhenium. The filtrate was made alkaline with ammonium hydroxide, and 
ammonium sulphide was added to precipitate V, Mo, As, and all the rhenium, whilst Sb 
and Sn remained in soln. This sulphide (15-20 mg.) was composed of V, 85 jier cent., 
Re, 10 per cent. , Mo, 3 per cent., and As, 2 per cent. Tho final treatmont consisted ui heal mg 
the reduced substance in oxygen. Most of the rhenium was driven off as a white oxide, 
which sublimed on tho cool parts of the tube and was extracted by cutting tho tube. 
Gadolinite and other rare-earth minerals — monazite, cerite, orthite, malaerme, zirkon, 
alvito, thorite, and orangite— -were treated in a similar manner. 
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.1. G. F. Druce obtained about 75 xngrms. of impure oxide of dwimanganese from 
crude manganese sulphate by the following process : 

A soln. of 100 grins. of enulu sulphate in 600 c.c. of water was treated with 60 grins, of 
ammonium rhloride and 25 c.r. of aq. ammonia of sp. gr. 0-880, and hydrogen sulphide 
gas was passed in for some time. The mixture, sat. with the gas, was allowed to stand some 
hours before filtration. Tho precipitate should have included iron sulphide and any 
aluminium or chromium hydroxides. Tho filtrate was re -treated with hydrogen sulphide 
until there was no further precipitation. ThiB required several filtration* before a soln. 
was obtained which no longer gave any precipitate when sat. with the gas and allowed to 
stand. The filtrate and washings were allowod to stand for several days whilst still 
alkalino with ammonia and sat. with hydrogen sulphide to make quite sure that all 
manganese had been removed. The soln. was afterwords boiled for some minutes to 
remove excess of hydrogen sulphide and some ammonia, acidified with hydrochloric acid, 
and evaporated to dryness. The residue was strongly heated to drive off the ammonium 
compounds and bum away the small quantity of sulphur formed. Tho final residue was 
dissolved in acetic acid, and ammonium oxalate in Blight excess was added to precipitate 
the calcium present . The filtrate was evaporated to dryness and ignited strongly to drive 
off all ammonium compounds. The residue was dissolved in hot dil. nitric arid . The 
soln , was precipitated with ammonium hydroxide and tho washed precipitate was dissolved 
in hot dil. nitric acid and evaporated to dryness again, leaving a white nitrate which was 
ignited to a very light brown oxide. 

Y. Dolejsek and J. Heyrovsky obtained a preparation of dwimanganese by 
introducing a small crucible containing manganese amalgam into a nearly Hat. soln 
of manganous sulphate, and connecting the soln. with the amalgum by a piece of 
platinum foil. After several days the platinum foil was removed, rinsed with water, 
and the deposit washed off with conn, hydrochloric acid. The soln. was diluted witli 
water. Hydrogen sulphide was then passed into the liquid, and the filtered soln. 
contained manganese with about 2 per cent, of dwimanganese. E. W- von Siemens 
and J. G. Halske discussed the extraction of these elements from platinum ores, 
gadolinite, sperrylite, and molybdenite ; and W. Feit, from complex sulphide 
slimes. 

G. Heyne and K. Moers said that the precipitation of rhenium as sulphide from 
soln. of its salts, and subsequent reduction of the sulphide is inconvenient, because 
the precipitation is not complete and the sulphide readily forms a colloid. This 
can be prevented by precipitating the sulphide in a pressure flask. Even then, 
as shown by W. and 1. Noddack the clear filtrate contains some rhenium. They 
recommend heating the rhenium concentrate in oxygen, and reducing the sublimed 
oxides with hydrogen. The difficulty in the condensation of the oxide cloud was 
overcome by passing it through a tube fitted with electrodes on the principle of 
F. G. TottreHs process for the precipitation of fumes — 7. 47, 3. The reduction of 
perrhenates, or of the oxide with hydrogen, gives good results. The separation of 
the perrhenate was studied by W. Feit, I. Spitzin, J. A. M. van Liempt, 0. Honig- 
schmid and R. Sachtleben, and F. Machatschki. The process was used by W. and 
1. Noddack. According to G. Heyne and K. Moers, the metal can also be preci- 
pitated from neutral or acidic soln. of its salts electronically. Thus, a one per 
cent. soln. of potassium perrhenate acidified by sulphuric acid (1 : 5), using a current 
density of 0-025 amp. per sq. cm., gave in 43 hrs. 0-0232 gnn. of rhenium. If a 
higher current density is used, some blue oxide is also deposited on the cathode. 
The metal is precipitated from cone. soln. in a colloidal form by means of hydrazine 
hydrochloride — a reaction studied by W. and I. Noddack, and F. Kraus and 
H. Steinfeld. .According to G. Heyne and K. Moers, formic acid gives a blue pre- 
cipitate of a lower oxide. No metal is precipitated by the reducing agents, Btannous 
chloride, sulphurous acid, hydriodic acid, or formaldehyde. W. Noddack, and 
K. Moers showed that by heating a tungsten filament in the vapour of a rhenium 
halide, rhenium is deposited on the wire. The results with nickel, platinum, 
molybdenum, and tantalum wires were not so good. The vapour of rhenium 
peroxide can be used in place of rhenium chloride or bromide, but the deposits are 
not so good. 
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§ 4. The Physical Properties of Masurium and Rhenium 

V. M. Goldschmidt 1 found that the X -radiogram of rhenium agreed with 
crystals in the hexagonal system huving the axial dimensions a- 2*765 A., and 
c 4-470, or a : v 1 : 1-616 ; and a sp. gr. of 20-53 , C Agio and co-workers gave 
a 2*765 A , c 4-470 A., and a : r -1 : 1-616 . and K. Moeller gave a -2-755 A., 
r -4-450 A , and a : c -1 . 1015. (! lliigg discussed the mol. vol. V. M. Gold- 
schmidt. and W. Noddack gave 0-68 A. for the ionic diameter. The sp. gr. of 
masurium is estimated to be about 1 1-5, anfl the m p. 2300 J K. ; while the sp. gr. 
of rhenium is estimated to be about 21 . and the m.p. 33(H)" K. 1. Noddack obtained 
10-4 for sp. gr. of the reduced powder of rhenium, and calculated 20 from the weight 
and diameter of small fused beads. Agtc and co-workers gave 20-5. W. Blitz 
and K. Meiscl gave 8-82 for the at. vol. of rhenium at the absolute zero. 

I 1 . Agtc and co-workers found that sintered rhenium is ductile in the cold, and 
when warmed it can be forged, hammered, and rolled. A piece formed as a crust 
on tungsten wire had a tensile strcngtli of 50-6 kgrms per sq. mm., and an elongation 
of 24 per cent. ; K. Becker found the coeff. of thermal expansion of rhenium to be 
0*0 B 467 perpendicular to the c-axis, and about two and a half times ns great, namely 
0’0 4 1245 in the direction of the c-axis. U. Agtc and co-workers found 3440 to 
be the m.p. of rhenium. W. Noddack and I. Tacke gave 0*0346 for the sp. ht. of 
rhenium. 

W. F. Meggers and C. C. Kims, and W. F. Meggers discussed the spark spectrum 
of masurium ; and W. F. Meggers, and P. Zeeman and co-workers, the arc spectrum. 
There are spectral lines of wave-length 3424-6, 3451-9, 3460*5, 3461:7, 4133-4, 
4136-46, 4227-4, 4394-4, 4513-3, 4522-7, 4791-4, 4889-2, 4923-92, 5271-0, 5275-6, 
5834-31, 6307-7, 6321-9, and 6350-7. G. Heyne and K. MoerH found that the lines 
furnished by 0-001 grm. of rhenium were in the ultra-violet, 2215, 2276-5, 2880, 
3000, 3400, 3425, 3452, 3462, and 3465 A., and in the visible spectrum, 4889-15 A. 
in the blue, and 5270-98 A, and 5275 57 A. in the green. These are recommended 
standards in the spectral recognition of rhenium. Observations wpto made by 
W. Meidinger ; and H. Schober, and F. H. Loring discussed the possible identifim- 
tion of the spectral lines of rhenium with those of the sun, and of rj Carina*. 
II. Schober and J. Birke studied the raies uliimes in the arc Bpcctrum ; P. Zeeman 
and co-workers, the under-water spark spectrum, and the Zeeman effect ; and 
W. F. Meggers, A. S. King and R. F. Bacher, the structure of the spectral lines. 

According to 0. Berg and I. Tacke, the X-ray spectrum of masurium furnishes 
lines K al ^=0-672 A., A r a2 — 0-675 A., and Kpi- 0-601 A., and rhenium, lines 
1-2048 A., L & 3=1-216 A., 1-2352 A., Z al - P4299 A. ; and Z a2 =l-44<)7 A. 

It is said that these lines agree well with the values calculated respectively for 
elements of at. numbers 43 and 75. V. Dolejsek and J. Heyrovsky added that 
for the element of at. number 75, two of t he /Mines of the Z-series of 0. Berg and 
I- Tacke coincide with those of tungsten ; their observed values for Lp> and Zpa 
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coincide with the L a \r and L^-lines of thallium ; and their £ a -line is indistinguishable 
from the /f a i-line for zinc. V. Dolejsek and J. Heyrovsky said that taking the 
If ^-copper line as standard, L a i=1430, =1233-3, L* 2=1204-3, and Lyi=1059. 

The Z a i-line could not be measured very exactly. A. Sands tr om, H. Bout he, 

B. Polland, I. Wennerlof, 0. Berg and I. Tacke, and I. Noddack studied the K- and 
//-series of rhenium ; and E. Lindberg, and H. Beuthe the Af -series. H. Alterthum 
compared the electronic amigaim 0 f tungsten and rhenium filaments, and represented 
the results in terms of i=aT 2 e~ b l T , where a and b are constants. Expressing the 
values of a in amp. per cm. per degree : 

Ke N Mo 111 Zr Ilf 

4 • 200 100 65 70 4,000 55,000 

b . 50,500 53,100 51,100 30,400 52,400 50,500 

C. Agte and co-workers found the sp. electrical resistance of rhenium, R ohms per 
cm. cube, is four times that of tungsten : 

Ta Fb Re Sr Hf W Mn Ob 

Hy 10 4 . 0 146 0-207 0 211 0-2475 0-326 0059 0044 0-095 

The temp, coeif. of the resistance of rhenium between 0° and 100° is 0-00311, when 
the corresponding values for tungsten and osmium were respectively 0-0046 and 
0-0042. They also gave for the sp. resistance, R ohms per cm. cube, and the temp, 
cocfl., a, at T° K. : 

T° K. . 83° 243° 273° 393° 393’ 2405° 2690° 2985° 

Ry 10 4 . 0-0494 0-154 0 198 0-211 0 261 1-25 1 30 1-34 

aylO* . 3-66 3 36 3 11 3-11 3-11 2-23 2-14 1-98 

W. Meissner and B Voigt measured the resistance down to — 271 -H°, and found 
for the ratio, r, of the resistance, R, at the observed temp, to the resistance, R 0 , 
at 0° ; and for the estimated ratio of the resistances, for the pure metals when 
the value of R 0 is 18*9xl0~° ohm : 

0 16' 181 77 J 104 71' -252 65° 208 78 271 64 

r . 1 0 2849 0 2474 0 110 0-110 0 109 

r rc d • 1 0-1979 0-1568 00017 0-0017 0-0006 

Observations were also made by M. le Blanc and H. Saehse. The electrode potential 
of rhenium against a normal calomel electrode, with an electrolyte of 2JV-H 2 S0 4 , is 
0-6 volt, so that rhenium comes between copper and thallium in the electrochemical 
series. This is in agreement with the behaviour of these elements towards oxidizing 
gases. W. H. Albrecht and E. Wedekind found the magnetic susceptibility of 
rhenium to be 0-046 X 10 ~ 6 mass umt, a value which does not lie between those for 
tungsten and osmium. L. A. Sommer and P. Karlson gave 5/2 for the nuclear 
moment. 
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$ 5. The Chemical Properties of Masurium and Rhenium 

According to W. Noddack and J. Tacko, 1 rhenium oxide volatilizes before 
molybdenum oxide. It is predicted that the oxides of masurium will be dark 
coloured and of the type MaO, Ma 2 () 3 , and Ma() 2 , which will be insoluble in arids, 
while the oxide Ma() 3 will be soluble in water, forming an acid H 2 Ma0 4 . It will 
also give an oxide of the type Ma 2 0 T , of m.p. 350° to 400° ; Ma 2 0 7 will probably lie 
rose or yellow. Rhenium will probably form similar oxides, and Re 2 0 7 will 
probably melt at 400° to 5(X)°, and he pale yellow or white in colour. Both oxides 
will probably form monoclinic or triclinic crystals. Analogous salts will be formed. 
It is probable, by analogy with chromium, that neither masurium nor Thenium will 
form a sulphide in dil. aq. soln. J. G. F. Bruce said that the crude oxide of rhenium 
which he prepared is soluble in warm, dil. acids, forming colourless soln., excepting 
the soln. of the chloride, which is slightly yellow. Soln. of alkali hydroxide pre- 
cipitate rhenium hydroxide, and the precipitate is insoluble in excess. W. and 
f. Noddack found that rhenium oxide was soluble in a little dil. hydrochloric acid 
to a colourless soln. There was no precipitate on adding the hydroxides of sodium, 
potassium, or ammonium. Hydrogen sulphide gave no precipitate in the cold 
and only a slight cloudiness on warming. Addition of ammonia and ammonium 
sulphide caused no change. Acidifying this gave a grey precipitate soluble in 
ammonium sulphide with difficulty. On heating the sulphide in a stream of 
hydrogen it gave a black powder, cither of the metal or of a lower sulphide. Tins 
burned in oxygen on wanning to an oxide which sublimed as a w 7 hite powder, more 
volatile than Mo0 3 . Hydrogen sulphide converted it into a grey sulphide which 
reformed the oxide on heating. W. Noddack observed that ammonium phosphate 
gives no precipitate with nitric acid soln. of rhenium ; and potassium xunthatc 
gives a white precipitate of sulphur ; potussiuni thiocyanate gives a yellowish rose- 
coloured salt which is soluble in ether; potassium ferrocyanide does not change 
visibly a soln. of rhenium salt. 

According to W. Noddack, rhenium inflames in oxygen at 300°, forming a white 
tetroxide and yellow rhenium hemiheptoxide, Re 2 0 7 . K. Moors found that w r hen 
heated in ail to about 1000°, a film begins to form on both rhenium and tungsten, 
and if the air is diluted with an equal vol. of nitrogen, oxidation begins at about 
1600°. The vapour of water in nitrogen attacks the metal at 1900", but if heated 
in moist hydrogen to about 2000° the metal becomes passive towards water vapour 
even at 2300°. The attack then begins at 2500°. 

Rhenium furnishes sublimates of rhenium chlorides when it is heated in chlorine* 
and of bromides when heated in bromine vapour. K. Moers observed that the 
metal is very little affected by hydrofluoric add or by hydrochloric acid ; it dis- 
solves slowly in sulphuric add. Rhenium does not react with nitrogen when 
heated in that gas, and no nitride has been prepared. W. Geilmann and F. Wcibke 
observed that ammonia is oxidized by hydrogen dioxide in the presence of rhenium 
compounds. According to K. Moers, rhenium readily dissolves in nitric add. As 
shown by H. Tropsch and H. Kassler, rhenium does not react with carbon at a 
high temp, to form a carbide ; nor does it react with carbon monoxide to form a 
carbonyl. Carbon monoxide is reduced to methane by the action of a rhenium- 
copper couple. K. Moers observed that the attack of rhenium by carbon dioxide 
begins above 1600°. R. Schenk and co- workers observed that rhenium forms a 
carbide when heated in methane. K. Moers said that mercury does not dissolve 
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rhenium to form an amalgam. K. Bec ker and K. Moers found that the rhenium- 
tungsten alloys have a solidus curve with two eutectics— one at 2892° and 50 at. 
per cent, rhenium, and the other at 2822° with 67 at. per cent, rhenium. There is 
a maximum at 3005°, corresponding with rhenium tritaditungstide, W 2 Re 8 . 

The atomic weight of rhenium. W. Noddack and I. Tacke estimated that the 
at. wt. of masurium, or ekamanganese, is 98 to 99-5 ; and that of rhenium, or dwi- 
manganosc, is 187 to 188. W. and I. Noddack obtained 188-71 for the at. wt. of 
rhenium from analyses of the oxide, the hcxachloride, and the disulphide. 
0. Honigschmid and R. Sachtloben obtained a better result from the ratio 
AgRe0 3 :AgBr, namely 186-31. F. Schacherl showed that the two elements 
belong to the manganese family. W. H. Rothery discussed the electronic structure 
of masurium. F. W. Aston examined the mass spectrum of rhenium by the 
volatilization of its chloride. The result shows that rhenium has two isotopes of 
at. wt. 185 and 187, in accord with the rule that complex elements of at. wt. above 
9 consist of two odd mass numbers two units apart. The ratio of the relative 
abundance of the heavier and the lighter isotopes is 1-62 : 1. This agreeB with 
An at. wt. of 186*22. and this value is in accord with 0. Honigschmid and 
R. Sachtleben’s value of 186-31, the value recommended by the International 
Committee on Atomic Weights for 1931. The electronic structure of rhenium 
corresponds with (2) in the K-shell ; (2, 2, 4) in the L-shell ; (2, 2, 4, 4, 6) in the 
M-shell ; (2, 2, 4, 4, 6, 6, 8) in the N-shell ; (2, 2, 4, 4, 1) in the 0-shell and (2) in 
the P-shell, or else (2, 2, 4, 4, 2) in the 0-shell and (1) in the P-shell. 

Reactions of rhenium of analytical interest. — K. Moers observed that the reactions 
of analytical interest are the precipitation of mercury or thallium perrhenates with 
mercury or thallium saltR ; the formation of precipitates with brucine and veratrin ; 
and the production of brown and green colorations by treating a sulphuric acid 
soln. with hydroquinone. Blue needle-like crystals are precipitated by methylene 
blue, and ceesium salts give characteristic crystals of caesium perrhenate. Pre- 
cipitation as ammonium perrhenate gives good quantitative results. F. Krauss 
and H. Steinfeld recommended the precipitation of the thallium perrhenate in 
acetic acid soln. W. Geilmann and co-workers obtained good precipitates with 
nitron — vide infra. The ultimate spectral lines in the spectrum of rhenium furnish 
a good qualitative test for the presence of rhenium. 
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§ 6. The Compounds of Rhenium 

W. and I. Noddack 1 observed that when powdered rhenium or a lower oxide 
of rhenium is heated in a current of cold oxygen, a white cloud is formed which 
condenses to globular granules of rhenium tetroxide, Re^Og, or Re0 4 ; but if 
the temp, rises above 150°, some yellow oxide, R 207 , is formed. The product 
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obtained by the combustion of rhenium in oxygen is contaminated with about 
10 per cent, of the yellow oxide. A crystalline structure cannot be recognized in the 
white globules, but they refract light strongly. The white oxide is estimated to 
have a sp. gr. of about 8-4. When exposed to ultra-violet light the white oxide 
becomes yellow, and if it be warmed, it also forms the yellow oxide. -The m.p. of 
the white oxide is in the neighbourhood of 150°, but in the melting some yellow 
oxide is formed . The transformation of white to yellow oxide is very rapid in vacuo. 
The white oxide dissolves without decomposition in water, and it is also soluble in 
acids, and in potash-lye or soda-lye. It is very slightly soluble in ether. When 
the aq. soln. is evaporated, the yellow oxide is formed. The freshly prepared aq. 
soln. has an acidic reaction, and with alkali-lye it foftns salts. The aq. soln. of 
the tetroxide has the characteristics of a soln. of a peroxide it is easily reduced ; 
it colours titanium salts yellow and vanadium salts brown ; and it decolorizes per- 
manganate owing to the reduction R.e^Og-^ReyOy. The constitution is probably : 

°V y O 

0 ,Rc 0 O-Ite -0 

O v x O 

The dry white oxide is fairly stable It is coloured violet by sulphur dioxide at 
room temp. ; and similarly also with the soln. of the white oxide in cone, sulphuric 
acid, and the soln. deposits a blue precipitate on standing for some time. The 
violet soln. is immediately decolorized when poured into water. If the violet 
sulphuric acid soln. is boiled, it is decolorized, and rhenium oxide is volatilized 
with the vapour. Hydrogen sulphide acts slowly on the aq. soln. of the tetroxide, 
and some sulphur is deposited ; but if the soln. be warm, rhenium sulphide is 
precipitated. H. V. A. Briscoe and co-workers could not confirm the existence of 
the tetroxide, and added that the heptoxide is the highest oxide. 

An acidified soln, of the white oxide does not react with ammonium phosphate, 
or potassium ferrocyanide, nor does it give a coloration with potassium xanthato, 
and rhenium thus differs from molybdenum The behaviour of the soln. towards 
potassium thiocyanate, and the greater volatility of rhenium oxide also serve to 
distinguish the element from molybdenum. Rheme oxide gives no reaction with 
potassium iodide, and it is thus different from osmic oxide. 

The yellow oxide, rhenium heptoxide, or perrhenic anhydride, Re a () 7 . is produced 
when rhenium burns in oxygen, nr when one of the lower oxides is heated in oxygen 
at a temp, exceeding 150°. (). Honigschmid and It. Sachtleben prepared it by 

reducing potassium perrhenatc at 400' in hydrogen ; extracting the resulting black 
powder with water ; drying the black residue in nitrogen ; and burning it in oxygen, 
when the heptoxide appears as a yellow crystalline sublimate. According to W. and 
1. Noddack, the pale yellow oxide has a sp. gr. of 8*2 at 20°. It begins to absorb 
light at about 4700 A. ; the yellow colour becomes paler when it is cooled to -80 \ 
When heated the oxide melts at 220 n to form a yellow liquid, which solidities to a 
yellow crystalline mass. The oxide is very volatile. It begins to sublime at 
150°, i.e . below its m.p., in an atm. of oxygen, nitrogen or hydrogen, to form a 
sublimate consisting of six-sided plates which have a high dispersion and refractive 
index. Small crystals sublime so rapidly that their m.p. cannot be determined. 
It. is also difficult to measure the b.p. owing to sublimation. In a capillary tube 
the meniscus vanishes at about 450°, and this b.p. is greater than that at atm. press. 
The vapour density is 17*32 (air unity) at 520 \ and the mol. wt. is therefore 490, in 
agreement with the formula Re 2 0 7 . At 800" there is some dissociation into rhenium 
dioxide and oxygon. W A. Roth and G. Becker obtained - -13-20 (Ms. per mol. 
for the heat of Boln. ; and 295-5 Cals, for the heat of formation of Re 2 0 7 from its 
elements. W. and I. Noddack observed that the heptoxide is readily soluble in 
water, and alcohol, and less soluble in ether. The aq. soln. has hh acidic reaction, 
and the sp. conductivity, k f and the mol. conductivity, of soln. with m mols of 
the oxide per litre at 22° arc : 
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m . 001890 0-00946 0-00473 0 00236 0 00118 0-00050 

k . 0-006917 0003525 0-001793 0 000904 0-000464 0 000227 

M - 366 373 379 383 385 385 

W. Feit gave for the sp. gr. of aq. soln. containing the following percentages of 
perrhenic acid : 

HRe0 4 0 2-93 10-91 20 00 31-85 40-67 50 29 61-00 65-12 per rent. 

8p.gr. 1-00 1-025 1 10 1-20 1-35 1-50 1 70 2-00 2-15 

The aq. soln. may contain perrhenic acid : Re 2 0 7 +H 2 0 2HRe0 4 , or else Re 2 0 7 
+H 2 0=H 2 Re 2 0 fl . If the formula of the acid be HRe0 4 , and m -0 0006, and 
H ~= 325 at 22°, the mobility of the Re0 4 '-anions is 60, in agreement with the 
value of 69 for Mn0 4 ' and 65 for C10 4 '. If the formula of the acid be H 2 Re 2 0 8 , 
the calculated values of /x will be twice those just given, and the mobility of the 
RgO/'-anions will be 120. But the soln. contains no anions with a greater 

mobility than that of the OH'-ions. Hence, perrhenic acid is monobasic HRe0 4 . 

The acidity of this acid is rather less than is the case with perchloric or per- 
manganic acids. The composition of the salts is in agreement with this formula. 

If the aq. soln. be evaporated slowly to dryneBs, the colour becomes yellow, 
and ultimately the heptoxide separates out. The m.p. of the heptoxide is depressed 
by water. No hydrates have yet been obtained. If the heptoxide be mixed with 
enough water to form RgOY.HgO, a yellow mass is formed which melts at 150°, 
which can be readily undcrcooled, and which furnishes a yellow glass. W. Geilmann 
and F. Weibke noted the loss by volatilization during the evaporation of aq. soln 
of perrhenic acid. According to W. and I. Noddaek, the heptoxide is readily 
oxidized to the tetroxide when it is warmed in oxygen. Reducing gases like carbon 
monoxide or sulphur dioxide form a lower coloured oxide, slowly in the cold, rapidly 
when heated. At 300° hydrogen forms a bluish-black dioxide, and at 800°, metallic 
rhenium. In a sealed tube the heptoxide first sublimes, and it is then reduced to 
form a metal mirror on the walls of the tul>c. When heated to 3M° in vacuo the 
heptoxide is reduced to a blue oxide. H. Holemann observed that metal and oxide 
are formed during the electrolysis of feebly acidic and neutral soln. of potassium 
perrhenate with platinum electrodes, and a violet soln. is formed with strongly 
acidic soln., and with a mercury cathode and alkaline, neutral, and feebly acidic 
soln., rhenium amalgam and a black oxide are formed, but with strongly acidic 
soln., a violet soln. is produced. 

The halogens chlorine, bromine, and iodine form numerous coloured compounds, 
studied by E. Enk, and F. Krauss and H. Steinfeld. The aq. soln. of the heptoxide, 
containing the relatively cone, perrhenic acid, dissolves the hydroxides of aluminium, 
zinc, and iron ; and also metallic zinc and iron, with the evolution of hydrogen. 
The oxidizing agents hydrogen dioxide and potassinm permanganate have no 
perceptible action on the soln. Mild reducing agents have no perceptible action ; 
but the stronger reducing agents- like zinc dust and sulphuric acid, or hypophos- 
phorous acid — colour the soln. of perrhenic acid. In the absence of oxygen the yellow 
colour is produced slowly in the cold and rapidly when heated. The yellow colour, 
due to the presence of rhenium trioxide, disappears when the soln. is shaken in air. 
Soluble thiocyanates colour cold, dil. soln. of perrhenic acid yellow, and warm boId. 
yellowish-red. The colouring agent is extracted by ether to form a rose-coloured 
ethereal soln. The cold, cone. soln. of perrhenic acid is coloured dark red and the 
hot soln. black. The colouring agent is extracted by ether to form a dark red 
ethereal soln. 

Dry rhenium heptoxide reacts slowly with dry hydrogen Bulphide, and at 80° 
rapidly, to form a black film of sulphide which to some extent protects the interior 
from attack. After an hour’s treatment the unchanged heptoxide can be sublimed 
from the sulphide. If hydrogen sulphide be passed into a dil. aq. soln. of perrhenic 
acid, no change is perceptible, but in a few days a deposit of sulphur is formed. If 
the soln. be acidified with hydrochloric or sulphuric acid and treated with hydrogen 
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sulphide, the liquid becomes yellow and slowly deposits sulphide. The presence of 
oxalic, tartaric, or phosphoric acids retards the deposition of the sulphide. A cold, 
cone. soln. of perrhenic acid when treated with hydrogen sulphide produces first a 
yellow coloration, and then Bulphide is precipitated ; if the liquid bo hot, black 
sulphide is precipitated. If’ ammonia and ammonium polysulphide be added to a 
dil. soln. of perrhenic acid, at first no precipitate is formed ; but when the liquid is 
acidified with hydrochloric or sulphuric acid, the liquid is coloured deep rose, then 
grey, and a mixture of sulphur and sulphide is precipitated. If the unacidified soln. 
mixed with yellow ammonium sulphide be allowed to si and for some time, it 
becomes darker in colour and the rhenium is slowly precipitated quantitatively as 
sulphide. A cone. soln. of perrhenic acid when mixed with ammonia or alkali-lye 
and treated with a few dropH of ammonium sulphide gives an immediate pre- 
cipitation of black sulphide. A dil. soln. shows few characteristic reactions. The 
soln. are not readily reduced, and re-oxidation of the reduced yellow soln. occurs. 
If the soln. be evaporated to dryness with a strong reducing agent- -say, hydrazine 
hydrochloride- a black product is obtained, probably the dioxide. J. II. Yoe 
found that rhenium salts give a red soln. with ammonium aurintriearboxylate, a 
pale yellow one with ammonia, and an almost colourless one with ammonium 
carbonate. 

The salts, perrhenates, in acidified soln. behave like perrhenic acid. W. Geil- 
mann and co-workers found that feebly acidified .soln. of potassium perrhenatc 
give with nitron a precipitate of nitron perrhenate, C 2 oH 10 N 4 ReO 4 , and that the 
reaction is quantitative. A dil. soln. of perrhenic acid (1 grin, per litre) and a 
cone soln (20 grins, per litre) show the following reactions. Both soln. give no 
precipitate with suda-lyc ; potash-lye gives a white precipitate, soluble in water 
with a cone. soln. but not so with a dil. soln. ; and similarly with baryta-water. 
Jfydrochloric, nitric, sulphuric, and acetic acids have no perceptible action 
on cone, or dil. soln. Similarly also with hydrogen dioxide, and potassium 
permanganate and sulphuric acid. Sulphurous acid, hydrazine hydrochloride, 
hypophosphorous acid, and gallic acid give a yellow coloration which disappears 
when shuken in air when added to a cone. soln. of perrhenic acid, but no 
change occurs with dil. soln. Potassium cyanide, ferrocyanide, and ferri- 
cyanide have no perceptible influence on cone, or dil. soln. ; but a cone. soln. 
with potassium thiocyanate gives in the cold a yellowish-red and when heated a 
black coloration which forms a red soln. in ether ; with a dil. soln. of perrhenic acid 
in the cold a yellow colour is formed, in hot soln. a yellowish-red colour ; and 
the ethereal soln. is rose-coloured. A mixture of sodium hydrophosphate and 
nitric acid has no perceptible influence on cone, or dil. soln. of perrhenic acid. 
Sodium thiosulphate in cone. soln. gives a white deposit of sulphur which becomes 
grey on standing, and in dil. soln. it gives a small white deposit of sulphur ; and 
potassium xanthogenatc and hydrochloric acid give similar deposits. Sodium 
azide and sulphuric acid, thiourea, urethane, sulphosalicylic acid, and diphenyl- 
sulphourca produce no perceptible change in cone, or dil. soln. Thiosincarbazide, 
and thiosinamine give with cone. soln. a yellow coloration which disappears on 
standing , with dil. soln. no change is perceptible. Potassium iodide, and sodium 
nitroprusside have no perceptible effect on cone, or dil. soln. Hydrogen sulphide, 
as indicated above, in cone. soln. produces a yellow coloration and then a grey 
precipitate of sulphur and sulphide, whilst witli dil. soln. the yellow coloration is 
slowly produced and this is followed by a slow separation of a grey precipitate. 
With ammonia and ammonium polysulphide and cone. soln. a dark coloration 
Blowly forms and a black sulphide separates out ; with dil. soln. the reactions are 
similar but slower. If after the addition of ammonia and ammonium polysulphide 
hydrochloric or sulphuric acid be added, a cone, or dil. soln. of perrhenic acid gives 
an intense rose coloration, followed by the separation of a grey precipitate of sulphur 
and sulphide. 

The aq. soln. of rhenium heptoxide has the characteristics of an acid. It dis- 
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solves metal hydroxides, and it can be neutralized by bases with the development 
of heat. The evaporation of these salts furnishes perrhenates analogous with the 
permanganates. The salts with colourless bases are colourless ; and those per- 
rhenates which have been prepared are usually soluble in water. The salts are 
very stable, and if the base is non-volatile they can be heated to redness in oxygen 
without decomposition ; whilst if heated in hydrogen they arc reduced to form 
rhenium dioxide, etc. Sodium perrhenate, NhRp 0 4 , is obtained by neutralizing a 
soln. of pcrrhenic acid with O-lJV-NaOH to an aq. soln., using neutral red as an 
indicator. The soln. furnishes colourless, six-sided plates. The salt melts in 
oxygen at .300°, forming a colourless liquid which does not decompose at (500°. 
Water dissolves about 250 grins, per litre at 20“. H. Tollert found the solubility 
in 89-7 per rent, alcohol to l>e 2242 grms. per litre at 19-5° ; and in 994 per cent, 
alcohol, 11-14 grms. per litre at 18 u . If the soln. of perrhenic acid be similarly 
treated with potassium hydroxide, potassium perrhenate, KRe0 4 , is formed as a 
white powder consisting of rhombnidal crystals. F. Machatschki said that the 
crystals are probably tetragonal bipyramids with the axial ratio a : c— 1 : 1*5823. 
N. Brocli found that the X-radiogram corresponds with a tetragonal lattice iso- 
morphous with sclieelite, containing four mols. KRe() 4 , per unit lattice, and having 
#e-=5*615 A., r~12*5() A., and a:c 1 : 2-226. The calculated density is 4-887. 
W. A. Roth and G. Becker found the heat of soln. to be - 13*80 Cals, per mol. ; 
and the heat of neutralization, J3*5 Pals. per mol. of HRe0 4 . W. and I. Noddack 
said that the salt has a high index of refraction- -F. Machatschki gave* e-~ 1*673 
and oj —1*643. In an atm. of oxygen the salt melts at 350°. N. A. Puschin and 
]\ 8. Tutundzic found the sp. conducts it y A 1 , the mol. conductivity /x, the transport 
number 7 of the Re0 4 / -ion, and the degree of ionization a, for soln. of C mol of the 
salt per litre, to be : 
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Observations on the conductivity of soln. of perrhenic acid, and of potassium 
perrhenate, and of the transport numbers were also made by W. A. Roth and 
G. Becker. W. H. Albrecht and E. Wedekind gave --0*13x Id -6 mass unit for the 
magnetic susceptibility of potassium perrhenate. W. and I. Noddack found that a 
litre of water dissolves 12*1 grms. or 0*0415 mol at 20°. The presence of potassium 
hydroxide or chloride lowers the solubility. N. A. Puschin and D. Kovach found 
that a rise of temp, from 0° to 100° increases the solubility from 0*35 to 9*44 per cent. 
II. Tollert found the solubility in 89*7 per cent, alcohol to be 0*302 grms. per litre 
at 18*5°. F. Krauss and H. Steinfeld found that a soln. of potassium perrhenate 
is not reduced by sulphurous acid, or by hydrogen whilst simultaneously exposed 
to rays of short wave-length. It is reduced to a mixture of metal and oxide by zinc 
and hydrochloric arid, by sodium amalgam, or by hydrazine hydrate. The salts 
rubidium perrhenate, RbRe0 4 , and caesium perrhenate, CsRe0 4 , were similarly 
prepared, and they are less soluble in water than the potassium salt. Likewise also 
with ammonium perrhenate, NH 4 Re0 4 , which furnishes white six-sided plateE. 
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Water dissolves about 120 grins. per litre at 20°. The salt is completely decomposed 
when heated in oxygen, ammonia is evolved, and rhenium heptoxide sublimed. 
H. V. A. Briscoe and co-workers prepared copper perrhenate, Cu(Re0 4 ) 2 .4H 2 0, 
from a soln. of copper carbonate in perrhenic acid. The tetrahydrate is formed 
when the salt is dried over calcium chloride ; the dehydration curve has a break 
at 100° corresponding with the hemihydrate ; the green anhydrous salt is formed 
at 115° to 120°; and rehydration furnishes the pentahydrate. Aq. ammonia or 
ammonia gas forms deep blue copper tetramminoperrhenate, flu(Ke0 4 ) 2 .4NH 3l 
which melts and decomposes when heated. A white precipitate of silver per- 
rhen&te, AgRe0 4 , is formed when a soln. of silver nitrate is added to perrhenic acid. 
The salt appears in small, colourless, quadratic or rhomboidal plates which darken 
on exposure to light. Water dissolves 0-00809 mol or 3*2 grins, per litre at 20°. 
0. Honigschmid and K. Sachtleben obtained it in a similar manner. The pre- 
cipitate obtained by adding silver nitrate to a soln. of potassium perrhenate is 
contaminated with the latter salt, because both silver and potassium perrhenates 
are sparingly soluble. By twice recrystallizing the impure salt from its soln. in an 
excess of a silver nitrate soln., silver perrhenate of a high degree of purity is obtained. 
Like other silver salts, when silver perrhenate is melted it suffers a slight decom- 
position, and some rhenium oxide sublimes. According to W. and I. Noddack, 
if a soln. of perrhenic arid be neutralized with 0*1 2V-Ba(()H) 2 , using neutral red as 
indicator, and the soln. crystallized, barium perrhenate, Ba(Re0 4 ) 2 , is formed in 
colourless columns or rhomboids. H. Tollert found the solubility in 89*7 per 
cent, alcohol to be 2-4f> grmH. per litre at 18-5 \ Freshly-precipitated neodymium 
hydroxide dissolves in perrhenic acid, forming a soln. which when evaporated to 
dryness gives very soluble, rose-coloured neodymium perrhenate, Nd(Re0 4 ) 3 . The 
corresponding mercuric perrhenate, Hg(Re() 4 ) 2 , and thallous perrhenate, TIRe0 4 , 
have been prepared. Dark pink cobalt perrhenate, Co(Re0 4 ) 2 .5H 2 0, is formed 
like the copper salt. The pentahydrate* yields the trihydrate over calcium chloride ; 
and further dehydration yields purple-blue anhydrous salt. It furnishes COb&lt 
tetramminoperrhenate, ( < <i(l<e0 4 ) ;i .4N}l 3 , which decomposes when heated. Pale 
green nickel perrhenate, Ni(Re() 4 )o.f>H 2 0, is similarly formed. The pentahydrate 
yields the tetrahydrate over calcium chloride, or at 100°, and the cream-coloured 
anhydrous salt is formed at 170 . The lilac nickel hexamminoperrhen&te, 
Ni(Re0 4 ) 2 .6NH 3 , is produced by the action of ammonia, and this compound at 100° 
forms nickel tetramminoperrhenate, Ni(Re0 4 ) 2 .4NH 3 , which decomposes at a 
higher temp. 

Tf. V. A. Briscoe and co-workers prepared rhenium dioxide ; and by reducing 
rhenium heptoxide with rhenium they prepared rhenium pentoxide, lte 2 0 6 . The 
purple-red oxide is stable in air ; it can be hented to about 300° in oxygen or in 
sulphur without change ; it sublimes in vacuo above 300° ; chloride gives a 
greenish-yellow vapour and brown solid ; dry hydrogen chloride has no action ; 
it is insoluble in water, and in dil. or cone, hydrochloric ox sulphuric acid and in 
potash-lye ; it dissolves in warm dil. nitric acid, and in fused potassium hydroxide ; 
and it is reduced by sulphur or carbon about 300°. W. A. Roth and G. Becker 
gave 1 69 Cals, for the heat of formation of Re 2 0 6 from its elements. 

According to W. and I. Noddack, the characteristic compounds of rhenium just 
indicated contain septivalent rhenium, but in rhenium trioxide, Re0 3 , the element 
is sexivalent. An aq. soln. is obtained by dissolving rhenium, rhenium sulphide, 
or a lower rhenium oxide in nitric acid. The yellowish-red soln. becomes pale 
yellow and stable when treated with alkali-lye, and it gives a precipitate with silver 
or barium salt. A similar soln. is produced by the action of strong reducing agents 
on a soln. of perrhenic acid. If rhenium powder be added to a molten alkali, a 
yellow mass is obtained resembling a yellow chromate. No change is perceptible 
when a cone. soln. of sodium rhenate is treated with soda-lye, but if the soln. be 
evaporated to dryness and the product be fused, a pale yellow mass is obtained. 
If this product be dissolved in cold water, it iB decolorized, and the colourless soln. 
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contains sodium pcrrhenate. The yellow product in all these cases is either an 
acidic soln. of rheme acid, H 2 Re0 4 , or a salt of that acid, namely, the rhenates, 
R' 2 Re0 4 . These substances are analogous with manganic acid and tho manganates. 
The yellow soln. of rlienic acid and of its salts are very unstable ; they are im- 
mediately decolorized when warmed, and Blowly when allowed to stand in the cold. 
The soln. of the alkali rhenates are more stable, but they too decompose slowly in 
the cold. The colour of the dil. acidic soln. is pale yellow, and the colour becomes 
more and more reddish-yellow as its concentration increases, and it is therefore 
assumed that rhenic anhydride, Ue0 3 , is red, even though it has not yet been 
isolated. The yellow soln. of the alkali salts becomes browner on standing in air, 
probably owing to the formation of a brown colloidal rhenium dioxide. The 
decolonzation of the soln. in air is complete in a few hours. If the yellow alkaline 
soln. is dried over phosphoric oxide in vacuo, a yellow crystalline substance, 
probably potassium rhenate, K 2 Ke0 4 , or sodium rhenate, Na 2 Re0 4 , separates out. 
If hydrogen sulphide be passed into the acidic or alkaline soln., a black precipitate 
of rhenium sulphide is formed. 

If an aq. soln. of perrhemc acid be neutralized with baryta- water, using neutral 
red as indicator, and an equal proportion of baryta-water be added, and the soln. 
evaporated in vacuo over calcium chloride, and heated to 300° in a current of 
nitrogen, black rhenium dioxide is formed. This product is then dissolved in 5 per 
cent, nitric arid. The soln. is treated with soda lye until il haw an ulkalme reac- 
tion, and small four-sided plates separate out. The supernatant liquor remains 
yellow, showing that barium rhenate is very sparingly soluble in water. The 
precipitated salt is barium rhenate, BaRe() 4 . The same salt is formed when an 
alkaline rhenate soln. is treated with a barium salt. Barium rhenate soon becomes 
dark brown on exposure to air, and finally black. The extraction of the dark 
brown inuss with water furnishes a soln. of barium pcrrhenate and residual rhenium 
dioxide. The decomposition of the rhenate into perrhenute and rhenium dioxide : 
3K 2 Ke() 4 +2H 2 ()— 4K0H-f Re0 2 4 2KRe0 4 , resembles the decomposition of a 
manganate into permanganate and manganese dioxide. The soln. of ail alkali 
rhenate with silver nitrate gives a white precipitate of silver rhenate, Ag 2 Re0 4 . 
Both barium and silver rhenates are soluble in nitric acid. 

When the tetroxide is reduced, the colour changes to violet, blue, and finally 
black, and with the heptoxide the colour becomes first blue and then black. 
Similarly also with soln. of these two oxides in cone, sulphuric acid. The violet 
oxide is produced by passing sulphur dioxide over white rhenium tetroxide ; the 
colour changes slowly in the cold, and rapidly at 40°. Analyses show that the 
violet product has a composition near Re : 0--1 : 0*235, between those of IteOg 
and lte0 2 (I : 0*16%). The violet oxide is not easily reduced by hydrogen ; no 
perceptible action occurs in the cold, and with careful heating the blue oxide is 
formed, which becomes darker and darker as the temp, of the reaction is raised. 
As just indicated, the black dioxide is formed at 300°, and similarly when ammonium 
or sodium pcrrhenate is treated with hydrogen. In acidic soln. all reducing agents 
convert the perrhenates into sexivalent salts which are yellowish-red. The dark 
blue oxide is produced by the action of sulphur dioxide on rhenium heptoxide, and 
analyses show that the composition is near Re : 0 - 1 : 0*194, which is between that 
of Rc 0 3 and Re0 2 . If either the violet or the blue oxide be heated to 300° in 
hydrogen, a black oxide is formed, and analyses correspond with rhenium dioxide, 
Ro 0 2 . It is supposed that in the violet and blue oxides the quadrivalent rhenium 
is present as violet rhenium perrhenate , Re(Re0 4 ) 4 , and as blue rhenium rhenale ;, 
Re(Re0 4 ) 2 - H. V. A. Briscoe and co-workers reduced soln. of potassium per- 
rhenate with zinc, magnesium, calcium, and Devarda's alloy in acidic soln. ; 
hydrazine hydrate ; and stannous chloride, and observed that the first stage of 
the reduction is a yellow colloidal soln - probably the hydrated dioxide — and the 
final product is the dihydrate , Re0 2 .2H 2 0. No rhenate was detected in the products 
of tho reduction. N. A. Puschin studied the thermal decomposition of this oxide. 
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The lower oxides of rhenium have a great tendency to oxidize to the yellow 
heptoxide, and the oxidation occurs when the dry oxides are heated in oxygen or 
exposed in a moist state to oxidizing agents, or even to atm. oxygen. The violet 
oxide is slowly oxidized and decolorized in oxygen in the cold, and rapidly when 
heated. If a mixture of Bulpbur dioxide and oxygen be passed over the white 
octoxide, the colour slowly becomes violet at 0°, and the speed of the reduction 
increases as the temp, rises to 40°, and over 50°, say at 80°, the violet coloration does 
not appear. Water immediately decolorizes the violet oxide. The hoIti. in cone, 
sulphuric acid is stable if air be excluded, but it is immediately decolorized if the 
Boln. l>e poured into water or dil. alkali-lye, and the heptoxide can be detected 
in the product. The deep violet soln. in Bulphuric acid iH a true snln., for it retains 
its colour when filtered through earthenware or membrane filters. Hence it is 
supposed that either a rhenium perrhenate or a rhenium sulphate, Re(S0 4 ) 2 , is 
formed. When the dry violet oxide is heated in hydrogen, it is easily reduced, 
and, at the same time, tetroxide is volatilized. The latter, collecting on the hot 
walls of the containing vessel, may be reduced to form a rhenium mirror. 

The blue oxide is rather more stable than the violet oxide towards oxygen, 
and at 1U0 ri it is oxidized by oxygon A mixture of equal parts of sulphur dioxide 
and oxygen rapidly colours the warm yellow heptoxide blue. At temp, exceeding 
250 w a residue of the heptoxide is formed. The blue soln. of the blue oxide in cone, 
sulphuric acid is not at once decolorized when slowly poured into water or dil. 
alkali-lye, but the change occurs if the soln. be allowed to stand in air for some lime 
or if it be warmed. The addition of nitric acid decolorizes it immediately. The 
blue soln. in sulphuric acid contains colloidal oxide which docs not pass through an 
earthenware or membrane filter. Hydrogen readily reduces the blue oxide to black 
dioxide, and finally to rhenium. 

The black oxide is readily oxidized when it is warmed in oxygen. The oxidation 
proceeds vigorously and with the development of a pale green flame. M ater, and 
sulphuric acid do not act on the lilack oxide ; hydrochloric acid acts slowly ; nitric 
acid immediately oxidizes it to rhenic acid ; and hydrogen at H00 l> reduces it to 
rhenium metal. 

When rhenium is heated in chlorine, it forms two volatile chlorides, namely, 
rhenium hexachloride, Re('l fl , in brown needles, which sublime at 150' 1 and are 
hydrolyzed by water, and also what is thought, to be rhenium hept&chloride, Re('l 7 , 
which is green and more volatile than the hexachloride ; with bromine vapour dark- 
coloured, volatile rhenium bromide, and with iodine vapour dark, volatile rhenium 
iodide are formed. The properties of rhenium are thus intermediate between those 
of tungsten and osmium, 

H. V. A. Briscoe and co-workers observed that rhenium telr&chloride, ReU 4 , 
is the primary product of heating rhenium in chlorine ; and flicy observed no 
evidence of the existence of the hexachloride and hept&chloride. They prepared 
potassium Chlororhen&te, K 2 RpC 1 6 , and found that it gives precipitates with silver, 
mercurous, and thallous salt soln., blit not with soln. of lithium, barium, mag- 
nesium, zinc, manganese, cobalt, nickel, ferrous, or ferric salts. E. Enkc observed 
that the sp. gr. is 3-34 at If ) 0 ; that it is stable towards potassium per- 
manganate in acidic soln. ; it is oxidized by hydrogen dioxide in alkaline soln. ; 
it, is not affected by sulphurous or hypophosphorous acids ; and it is decolorized 
by zinc in acidic soln. The corresponding CflBsium chlororhen&te, Cs 2 ReCl 6 , 
and silver chlororhen&te, Ag 2 Rc(ll e , are unstable. W. Manchol and co-workers 
said that the reduction of the chlororhenate by zinc and acid, or in sulphurio 
acid at a mercury cathode, furnishes evidence of the existence of tervalent 
rhenium ; and when oxidized by air or oxygen, quinquevalent rhenium is 
probably present. Acidic soln. of the chlororhenate do not bleach indigo- 
blue, or reduce potassium permanganate soln., but autoxidation occurs in 
alkaline soln. 

According to F. Krauss and H. Steinfeld, when a mixture of potassium per- 
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rhenate and iodide is treated with hydrochloric acid of sp. gr. MB, and the mixture 
boiled until the evolution of iodine ha* ceased, the potassium rhenium chloride, 
Kg|ReCI 0 ], is formed, and it is decomposed by a large excess of water at room temp. 
Similarly with thallous rhenium chloride, p n a [ReCI 0 | l which is unstable. The salt 
K 4 Re 2 Clii is also formed under similar circumstances, and it may be a mixture of 
K 2 ReC]s and K 2 ReCl fl . Likewise also with Tl 4 Re 2 Cljj. If potassium rhenate 
and bromide, and hydrobromic acid are employed, potassium rhenium bromide, 
K 2 ReBr 0 , is formed, whilst thallous rhenium bromide, Tl 2 fteBr 01 is obtained from a 
mixture of thallous rhenate and hydrobromic acid of sp. gr. 1 -75. H. V. A. Briscoe 
and co-workers prepared potassium rhenium iodide, K 2 UeI fl , by heating potassium 
perrhenate with excess of potassium iodide and aq. hydrogen iodide at the b.p, 
of the latter, and can be separated from the dark-coloured soln. as crystals, shining 
black by reflected and dark chocolate-brown by transmitted light. It can be 
heated to 200° without decomposition. At about 210 J there iH slight decrepitation, 
but marked liberation of iodine is not evident below about 300'’. At about 300° 
the reaction is symbolized : K 2 RcI fl ->2KI-f- Re |-2I 2 . With a limited quantity of 
water, a dark violet-black soln. results, which, on dilution, changes to (lark brown 
or black and is evidently colloidal in character. Boiling this liquid leads to floccula- 
tion and the separation of a black precipitate, which, as was anticipated, proved to 
be hydrated rhenium dioxide. In alcohol, or ether, either hot or cold, the crystals 
are only slightly soluble, but they readily dissolve in acetone, from which potassium 
rheni-iodide may be recrystallized with acetone of crystallization. On heating in 
oxygen, iodide is evolved and a black residue is left, whilst in nitrogen the decom- 
position takes place quantitatively to potassium iodide, metallic rhenium, and 
iodine. 

According to W. Noddack, when rhenium oxides arc reduced by carbon monoxide 
or sulphur dioxide, green, blue, and violet oxides are produced, which on a pro- 
longed heating form the white and yellow oxides. The soln. of the white oxide 
oxidizes hydrogen sulphide to sulphur, and in the presence of acids furnishes a grey 
precipitate of sulphur mixed with sulphide. The precipitation is not hindered by 
oxalic, tartaric, or phosphoric acid, and rhenium is thus unlike tungsten. If the 
grey sulphide be heated in carbon dioxide at 400 u to 600°, unstable black rhenium 
heptasulphide, Re 2 S 7l and rhenium trisulphide, RcS 3 , are formed; above 6U0° 
stable black rhenium disulphide, ReS 2 , is produced. H. V. A. Briscoe obtained 
the disulphide by heating rhenium to redness in an excess of sulphur in a current 
of hydrogen sulphide ; and by heating the heptaselenide in vacuo at a red-heat 
the corresponding rhenium diselenide, ReSe 2 , was prepared. W. Feit observed that 
when hydrogen sulphide is passed into a sat. soln. of pgtassium perrhenate, the 
soln. becomes yellow, but after the gas has been passing for a day the liquid becomes 
brown and almost opaque. When no further change occurs, and the liquid is boiled 
to remove hydrogen sulphide, and then concentrated by evaporation to about one- 
fifth its vol. at 36°, when it deposits small brown crystals ; they are a mixture of 
potassium perrhenate and a sulpho-salt ; with a further concentration of the soln. 
the crystals appear darker, and they are mixed with a dark brown precipitate of 
what is probably rhenium sulphide. The soln. is finally dried without a further 
deposit of crystals ; and the resulting dark brown mass is easily soluble in water, 
and it behaves like a mixture of potassium gulphoperrhenate, and oxysulpho- 
perrhenates, KRe0 3 8, KRcS 4 , and KRcOSg. When the aq. soln. of this residue is 
treated with 0-Q5iV-Tl 2 S0 4 , a dark brown precipitate of thallous sulphoperrhenate, 
TlReS 4 , is formed ; and when the filtrate is treated with more of the 
thallous sulphate soln., thallous trioxysulphoperrhenate, TlRe0 3 S, is formed. 
H. V. A. Briscoe and co-workers regard Feit’s thallous sulphoperrhenate, TlReS 4 , 
as a mixture of rhenium sulphide and thallous perrhenate. I. R. Juza and W. Biltz 
gave 70*5 Cals, for the heat of formation of the disulphide between 1 100° and 1200°. 
W. Biltz and O. F. Weibke found that the precipitate obtained by the action of 
hydrogen sulphide on a soln. of potassium perrhenate is rhenium heptasulphide, 
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Ro 2 S 7 . The sample dried lor 60 hrs. at 160° to 170° was a black powder which 
oxidized easily in air. Its X-radiogram was too feeble to distinguish from that of 
rhenium disulphide. Its sp. gr. was 4*866 at 25*4°, and its mol. vol. 122. 
H. V. A. Briscoe and co-workers add that the black powder dissociates below its 
m.p, It adsorbs reversibly toluene and other organic solvents, but the adsorbtivity 
becomes less and less as the process of adsorption and desorption is repeated. The 
dried hcptasulphide can be spontaneously reduced in hydrogen. The red soln. 
obtained by the action of hydrogen sulphide on soln. of alkali perrlicriate probably 
contain alkali sulphoperrhenatc, e.g. KReS 4 . No sulphide between UeS 2 anil 
Re 2 S 7 was observed. When a soln. of this salt is treated with hydrochloric acid, 
the fugitive red coloration and the separation of sulphur which occurs, show that 
free trioxysulphoperrhenic acid, HRe() 3 S, is unstable. A corresponding rhenium 
heptaselenide, Ile 2 Se 7j was also prepared. 
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CHAPTER LXV1 

IRON 

§ 1. The History of Iron 

Iron has been known from prehistoric times. Mouldering records, decaying 
monuments, fabulous legends, and sibylline traditions have been examined, but no 
one has found out how man discovered the utility of iron, or how man first learned 
the art of extracting the metal from its ores. Consequently, on passing backwards 
into the obscure regions of antiquity, the historian reaches an epoch where truth 
and fable are inseparably blended, and where more or less plausible guesses take 
the place of positive knowledge. Max Miiller, 1 E. 0. von Lippmann, J. Pokurny, 
0. Johannsen, L. Beck, L. Wilser, 0. Schrader, H. Bliimner, H. Haedicke, and 
F. H. A. von Humboldt inferred that copper was known to the Aryan nations 
before their separation, because the Sanscrit term ayas can be traced among the 
different peoples- -3. 21, 1— whereas no term for iron was employed before that 
separation. The name& for iron are different in every one of these languages. 
Max Muller said : 

The Sanskrit term ayas for copper is shared in common by the Latin and Teutonic 
languages- -Latin, ces ; Gothic, at z ; Old High-German, er\ Modern German, cr-z ; Anglo- 
Saxon, dr; and English, ore. Like the Greek yaA*or, chalkds, which originally meant 
copper, but came to mean metal m general, bronze or brass, the Latin w#, to >, changed 
from the former to the latter meaning ; and we can watch the same transition in the 
corresponding words of the Toutonic languages. jRb, in fact, like Gothic, aiz, meant the 
one metal which, with the exception of gold and silver, was largely used of old for practical 
purposes. It meant copper whether in its pure state or alloyed, as in later times, with 
tin (bronze) and zinc (brass). But neither m in Latin nor aiz in Gothic ever carno to 
mean gold, silver, or iron. It is all the more curious, therefore, that the Sanskrit ayas, 
which is the same word as m and aiz, should in Sanskrit have assumed the almost exclusive 
meaning of iron. I suspect, however, that in Sanskrit, too, ayas meant originally the 
metal, t.e. copper, and that as iron took the place of copper, the meaning of ayas was 
changed and specified. In passages of the Atfiarua Veda (11. 3) and the V dgasaneywanhM 
(18. 13) a distinction is made between sydmam ayas, dark-brown metal, and loharn or 
lohitam ayas, bright metal, the former meaning copper, the latter iron. The flesh of an 
animal is likened to copper, its blood to iron. This shows that the exclusive meaning of 
aya$ oh iron was of later growth, and renders it more than probable that the Hindus, like 
the Romans and Germans, attached originally to ayas (ces and aiz) the meaning of the 
metal par excellence, i.e. copper. In Greek, ayas would have dwindled to es, and was 
replaced by chulkfo ; while to distinguish the new from the old metals, iron was called 
Homer sidiros, In Latin different kinds of cbs wore distinguished by adjectives, the best 
known being the m < yprium, brought from ('yprus. Cyprus was taken possession of by 
the Romans in 57 b.c. Herod was entrusted by Augustus with the direction of the Cypriani 
copper-mines, and received oife-half of the profits. Pliny used as ( Jypriwn and Cyprium 
by itself for copper. The popular form, cuprum , copper, was first used by Spartiahus in 
the third century, and became more frequent in the fourth. Iron in Latin received the 
name of ferrum. In Gothir aiz stands for Greek chalkds, but in Old High-German chuphas* 
appears as a more spocial name, and (r assumes the meaning of bronze. This fr is lost in 
Modem German, except in the adjective ehtrn, and a new word has been formed for metal 
in general, the Old High-German ar-uzi , the Modem German erz. As ayas in Sanskrit 
assumed the special meaning of iron, we find that in German, too, tiie name for iron was 
derived from the older name of coppej. The Gothic nsam , iron, is considered by J. and 
\V. Grimm as a derivative form of aiz, and the same scholars conclude from this that *' in 
Germany bronze must have been in use before iron.” Eisam is changed in Old High- 
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German to foam, later to i san, tlie Modern Gennan eieen ; while the Anglo-Saxon fsem 
leads to iren and iron. 

It may safely be concluded, I believe, that before the Aryan separation, gold, silver, 
and a third metal, i.e. copper, in more or less pure state, were known. Sanskrit, Greek, 
the Teutonic and Slavonic languages agree in their names for gold ; Sanskrit, Greek, and 
Latin in their names for silver ; Sanskrit, Latin, and Gennan in their names for the third 
metal. The names for iron, on the contrary, aro different in each of the principal branches 
of the Aryan family, the coincidences between the Celtic and Teutonic names being of a 
doubtful character. If, then, we consider that tho Sanskrit ay as, which meant, originally, 
the same as Latin cm and Gothic aiz, came to mean iron ; that the Gennan word for iron 
is derived from Gothic aiz ; and that Greek chalkfa, after meaning copper, was used as a 
general name for metal, and conveyed occasionally the meaning of iron, we may conclude, 
1 bolieve, that Sanskrit, Greek, Latin, and German were spoken before the discovery of 
iron, that each nation became acquainted with that most useful of all metals alter tho 
Aryan family was broken up, and that each of the Aryan languages coined its name for 
iron from its own resources, and marked it by its own national Btamp, while it brought the 
names for gold, silver, and copper from tho common treasury of their ancestral home. 

In agreement with this, 0. Schrader could find no primeval term for iron in 
Indo-Gcrm&n antiquity; ho thinks that iron was not known nntil after copper 
(bronze), and that the Greeks became acquainted with iron in Asia Minor and the 
Pontine countries in tlie post-Mycenic and pre-Homer t-irneB. L. Reck has suggested 
that ayasmuy have been a general term for metals, and then came to be applied speci- 
fically to iron, just as the Grecian xclXkos, copper, came to be employed for iron — 
Homer's Odyssey (9. 391) ; and, according to E. B. Tylor, in Mexico the term tepuztli 
for copper came to be applied to iron - vide infra. According to J. Beckmann, the 
Greeks, at the time of Homer, applied to steel many different names. For instance, 
the term tu was applied to the steeled part of an instrument ; the name yaXuift 
was given to steel - from Ohalybes, a people on the southern shore of the Pontus 
Euxinus, between Colchis and Paplilagonia ; and the term aS d/ua? was applied to 
articles made of steel or iron — v.g. the helmet of Hercules mentioned by Hesiod, 
in his Theogony, and the adamantine chains, gates, and bars mentioned by later 
Greek poets. It was only at a still later period that the term aha^as (adamas) 
was applied to precious stones. The Romans borrowed the term chcdybs from the 
Greek * n consequence of the use of the term odes (edge) in Pliny’s 

Mistoria naturalis (34. 41) TT. Stephanus, J. Beckmann, and C. Salmasius suggested 
that the Italians adopted the term avciajo , the Spanish acero , and the French acier 
far steel. 0. Jokaiinseii, indeed, said that the term for iron in all the Indo-Germanic 
languages comes fiom the Sanscrit ay as. According to E. 0. von Lippmann, the 
origin of the Latin word frrrum for iron is not known with certainty. The origin of 
the term steel is discussed later on. 

A. H. Sayce pointed out that a Hittite text of the fourteenth century k.c. 
speaks of “ black iron of heaven from the sky.** G. F. Zimmer said that nearly all 
the more cultured ancient people applied to iron a term which meant a “ metal or 
something hard from heaven.” Thus, the Egyptians used ba-en-pet , variously 
written : 



Tn the cuneiform language of Assyria and Babylonia we are told that an-bar or 
parziUu , meaning “the metal of heaven/’ was written Similarly, in 

the language of Sumcria and Chaldea, barsa, originally barsal or barzel respectively, 
and the Hebrew bwrzd, all have the same meaning. This, said G. F. Zimmer, 
indicates that “ the metal of heaven ” probably meant, meteoric iron. G. Moller, 
and L. Beck have similar views about the early iron of Egypt and Assyria. 
J. Diimichen found bia-n-ta -metal of earth - in a late inscription at Denderab. 
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The term contrasted with bia-n-pet seems intended to distinguish terrestrial from 
celestial or meteoric iron. The name of the Hixth or seventh Pharaoh of the first 
dynasty was Mibampcs, and a component part of the name was pcnipe, Since the 
letters b and p are sometimes transposed, it is believed that penipe is equivalent 
to b(*nip<\ meaning the Iron Pharaoh , or “ lover of iron,’’ that is, a mighty patron 
of the industry, or a mighty warrior or swordsman. Such a name would not have 
been employed had iron not been known to the ancient Egyptians of tho first 
dynasty. A later reading for this same Pharaoh is Mer-fxi-pen, or “ lover of this 
iron ” : 

I _/WwV\A 

G. F. Zimmer also argued with some probability that man first obtained iron 
from meteorites in several localities. He said : 

It ir ras> to imagine that when a man of tho Neolithic Age, searching for suitably 
ahapcrl stones from whirli to form his weapons nr tools, pu ked up an iron meteorite its 
abnomml weight attracted his keen interest. To him it was a stone which dal not require 
chipping, but which could be altered in shape by hammering, and it the man or hiH 
associates had previous experience with copper, liis fundamental metallurgical knowledge 
would lie of distinct advantage to him. If he could work copper he might have known the 
use of fire, and if nol, tho mere rough shaping and then polishing the meteoric iron (which 
bus a fine silver-likc nuriat-t) which does not easily rust) must have been a great success and 
the eiivv of lus iellow -beings. The find and subsequent production from it, however crude 
it nm\ Jm\c been, was such an ad vanee upon his stone implements that lus tiihesincn all 
went to “ search diligently lor other things,’ 1 and us meteorites, particularly the smallei 
ones, ruroh lull alone, it was more Ilian likely that others were found in the same lnealit} . 

A l<\ Pott, and F. Lenormam said that the Greek term fui iron, ai&ypofs, or 
s tf/no/t, is 1 elated with wins, a star, and this points to the meteoric origin of iron. 
The .subject was discussed by 0. Schrader, E. 0. von Lippmann, etc. G. F. Zimmer 
said that the earliest hieroglyphic Egyptian term fur iron was nun. 



and that at tins tune meteoric* iron was found and used without the users knowing 
its origin. As soon as the users discovered whence it came, the name was altered 
to ha c/i-pef, und judging from the time iron was in use, it must have taken over 
2000 years to find this out This is not. considered to be extraordinary when it 
is remembered that nut of 'i(H) iron meteorites known to-day, only ten have been 
seen lo fall. It is also said that the inscription on the Unas showed that non 
existed in Egypt before the fourth millennium b.c., and G. F. Zimmer considered 
that the hist iron employed by the Egyptians was undoubtedly meteoric, because 
of its name. “ In the most ancient religious texts, the Egyptians said that the 
firmament of Heaven was of iron, and this idea probably arose from its blue colour, 
and from the fact that meteoric iron occasionally fell from the sky. M 

W. Uowhind, St. J. V. Day, L. Beck, and B. H. Brough consider that the assump- 
tion that telluric and meteoric iron must have been the earliest source of the metal 
is unnecessary, because iron ores can be so readily reduced to metallic iron in an 
ordinary wood or charcoal fire. J. Percy under-estimated the difficulties which 
would attend the manufacture of iron by primitive workers in iron, for M. Berthelot 
said that the delay in the use of iron is not surprising, because however numerous 
the deposits of ore, the extraction of the inetal by smelting is a difficult operation, 
and one not to be jMirformed by a people lacking some degree of trained intelligence. 
This subject w r as discussed by F. M. Feldhaus, 0. Schrader, M. Hoerncs, I. Dipper! , 
G. Zippelius, 8. Seligmann, E. Meyer, C. Brockelmann, F. Lenormant, If. Bliimner, 
F. Freisc, 0. Stoll, M. Gsell, and Faulmann. 

(\ H. Dench said that the history of folklore and religions favours the com- 
paratively late origin of an Iron Age culture. The superstitions attached to the 
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use of iron, some of which persist at the present day, and the taboos possibly imposed 
on it by religions, all point to the fact that iron was a newcomer and an impor- 
tation into an older civilization. The common statement- ,-by W. M. F. Petrie, 
T. E. Thorpe, etc. — that meteoric iron could not have been used, because it is not 
malleable, was shown by G. F. Zimmer to be erroneous. 0. Vogel showed that 
in some cases natural nickelifcrous iron is workable and in some cases not so. 
Samples of malleable meteoric iron were reported by H. A. Ward, (3. U. Shepard, 
L. Fletcher, W. G. Owens, I. Domcyko, J. Sowerby, L. Beck, J. Johnston, A. Daubrec. 
,J L. Smith, W. E. Hidden, R. Cox, 0. W. Huntingdon, E. M. S. Bailey, J. W. Mallet, 
E. Howard, H. L. Preston, G. H. Saxton, M. Donkelmann, G. Troost, O. (3. Farring- 
ton, A. Goebel, E. A. de Schweinitz, 0. Root, etc. The use of meteoric iron by the 
Esquimaux was described by J. Ross, F. Lenormant, S. Hearne, E. Sabine, 
(\ U. Shephard, and G. F. Zimmer. G. F. Zimmer estimated that of the known 
Humpies about 99*44 per cent, are malleable and 0*56 per cent, are non-m alien ble. 
The relative weight of the evidence in favour of either hypothesis is obviously a 
question of temperament. 

G. F. Zimmer said the idea that a bronze age followed the stone age is lamed 
on the discovery of copper and bronze utensils and weapons iu ancient graves 
where no iron ones occur. Iron is more readily corroded than copper, and in some 
cases, if iron objects had decayed, the deposit of residual rust must have been 
obliterated by plundering. Again, iron was somewhat rare when bronze first 
appeared, and iron was used only in cases where bronze was not so good - mi v, in 
the cutting of harder atones. Although iron is not so suited as gold, copper, mid 
silver for ornaments yet, according to H. Rawlinson, it was used by the ancient 
Chaldeans for rings and bangles, and, according to G. A. Wainwright, bv the ancient 
Egyptians for beads, and this not necessarily because of the beauty of the metal, 
but rather l>ecause of its rarity — like platinum at the present day. The use of iron 
tor rings, anklets, and otliei ornaments in ancient times was discussed by Pliny, in 
his Historia natvrahs ( 83 . 6) ; and more recently by P. S P. Handrnck, 
R. A. S. Macalistcr, G. Schweinfurth, D. Livingstone, H. Rawlinson, W. Jones, etc. 

St J. V. Day said that the term ^aA/cdy, which has been translated brass, corre- 
sponds with the Latin (r«, and was used to signify any of the crude base metals, 
and the exact base metal was indicated by an adjective — e.g. red, black, grey, bright, 
etc. — to denote some peculiar or inherent quality by which the metal was known. 
Copper is mentioned only once in the Bible, namely, in Ezra (8. 27), but even then it 
does not mean pure copper, since the word brass is used by the translators for copper 
and bronze, and, indeed, all the alloys of copper. Zinc was unknown in biblical 
times, so that where brass occurs its really applies to copper or bronze. Pliny also 
confused copper and bronze. Hence, when a bronze age is spoken of, it would have 
been more correct to call it a copper age. St. J. V. Day continued, “ the hyputhesis 
that an Iron Age was not until long after copper and its alloys is founded mi Ihe 
most fragmentary and one-sided data.” H. Schlicmann also believed that thr 
assumption of the sequence : stone, bronze, and iron, was not borne oul by his. 
observations in Mycenee. According to J. G. Wilkinson, and G. Perrot and 
C. Chipioz, the mode of preparing bronze from tin and copper was discovered during 
the 5th or at the latest the 6th dynasty ; while W. M F. Petrie found a bronze rod 
with 9 per cent, of tin which dated from the 4th dynasty. 

Prehistoric iron was discussed by If. A. Anger, R. Boh la, W. Bekk, H. Bell, 

A. Bertholet, H. Bliimner, J. G. L. Blumhof, J. Boh in, H. Braun, R. Bucholz, 

E. Cartailhac, K. Oermak, 8. Clessin, St. J V. Day, J. Duchelette, W. Decoke, W. Domtz, 
A. Favre, If. M. Feldhaus, M. Foyerabend, E. Friedel, J. A. N. Friend and co- 
workers, A. Glitsch, A. Gootze, V. Gross, P. Hahnel, F. S. Hartmann, M. Hart wick, 

A. Hennig, M. Hey deck, H. Hilderbrand, M. Hoemes, N. O. Holst, C. Hostrnann, 

J en tsch, C. Jirecek, 0. Johannsen, M. Knauthe, J. H. Krause, A. Krebs, R. Krieg, 

B. Krzyzankiewicz, M. Kuohenbuch, P. L. B. Kupka, E. F. Lange, A. Ledebur, F. Ligor, 

F. Lenormant, I, Lippert, G. C. F. Lisch, A. L. Lorange, J. Lubbock, L. Martinet, 

C. Mehlis, H. MCntefindt and co-workers, O. Montelius, M. Much, G. Muller, J. Myerw, 
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A. Nagel, A. Norden, O. Olfihausen, M. Hath, P. Putjatin, A. Quiquerez, F. Kathgen, 
P. Remecke, W. Ridgeway, H. Rupe, H. Rupe and F. Muller, 0. Rygh, E. von Barken, 
A. Schlez, H. Schmidt, W. Schwartz, F. Seehars, R. A. Smith, E. Soldi, A. Struck, 
A. Teplouchoff, T. Turner, 1. Undset, M. Viedenz, R. Virchow, M, Voss, M, Wahl berg, 
H. Wankel, H. Hess von Wiohdorfr, K. Wiegand, W. M. Williams, G. Wurmbrand, 
G, F. Zimmer, F. X, M. Zippe, and Q. Zippelius. Analyses, etc., of ancient iron or steel 
were made by R. A. Hadfield, H. Garland, H. Bell, H. Hanemann, H. C. H. Carpenter and 
J. M. Robertson, J. Myers, B. Neumann, J. A. N. Friend and co workers, etc. 

The use of iron in Egypt can be 1 raced back to the pre-dynastic times. The 
graves in the cemetery of El Gcrzch examined by G A. Wainwright, and 
W. M. F. Petrie contained some iron beads which were turned completely into rust. 
The graves were estimated to date from about 4000 b.c. The dates for the different 
dynasties given by W. M. F. Petrie, E. A. W Budge, H. Bmgsch, H. R. Hall, and 
E. Meyer differ in some cases by as much as three centuries. Accurate dating 
is said to begin about 700 b.o. An analysis of the remains of the iron beads by 
0. H. Desch showed 10-9 per cent, of nickel, and this is taken to prove the meteoric 
origin of this iron, since, according to 0. C. Farrington, meteoric iron contains 5 to 
26 per cent, of nickel — average 7-5— whilst terrestrial iron contains only traces of 
nickel. A. Lucas said that the original beads may have been cut or fashioned from 
a natural sulphide, and the mineral was then slowly oxidized. According to 
E. B. Tylor, iron may have been made by chance in sundry places -a camp fire, a 
forest* fire, or even by a stroke of lightning— and thus stray pieces of metal may 
have come into use before the beginning of the iron age. Herodotus alluded to a 
tradition that the Dactyli discovered the art of smelting iron from the accidental 
burning of woods on Mount Ida in Crete ; and a similar tradition ascribed the dis- 
covery of iron in Scythia to the reduction of the. ore by forest fires. J. Dechelettc 
suggested that here and there, particularly in Egypt, aboriginal smelting operations 
yielded little lumps of iron, which were manufactured into small objects, 
T. A. Rickard, however, doubted if the Egyptians had discovered how to make a 
pound of iron out of ore ; if they had they would have made more of it, because 
large deposits of iron were available in Egypt ; and it is not likely that a discovery 
of such importance could have been kept a secret for 2500 years. 

The comparative rarity of iron in the early Egyptian tombs is not likely to have 
been due to a taboo on the metal, because iron objects occur in the tomb of Tut- 
ankh-amen, and, according to J . H. Breasted, in a sacred inscription at Abu Simel 
the god Ptah is made to say that he fashioned Ramescs II (1194 b.c.) with limbs 
of electrtim, with bones of bronze, and arms of ba-n-pet — i.e. iron. W. M. F. Petrie 
inferred that the beds of carboniferous strata on the ironstone in Sinai have lieen 
heated by eruptions of basalt and thus produced iron by the natural reduction of 
the ore. It iB thought that the Egyptians may occasionally have found pockets of 
native iron in this locality. 

This evidence for the use of iron in Egypt 4000 to 3500 years before the Christian 
era does not necessarily mean that the Egyptians then knew how to smelt iron 
from its ores, because the iron of that early period is more likely to have fallen from 
the heavens as meteorites, and not to have been deliberately manufactured. The 
oldest known piece of iron- not steel- -of any size was found in the Great Pyramid 
at Gizeh in 1837 by H. Vyse ; the specimen dates from the 4th dynasty- —about 
3000 b.c. It was blasted out of the Bolid masonry near the top of the pyramid, and 
was afterwards deposited in the British Museum. T. A. Rickard believed that the 
sample of iron from Gizeh is of meteoric origin, although W. Flight, and W. Gowland 
"believed with H. Vyse that it is of terrestrial origin. The ancient historian 
Herodotus, circa 450 b.c., stated that the granite blocks employed in constructing 
the Great Pyramid were shaped with iron tools, although hard rocks can be 
shaped with bronze, assisted, maybe, by powdered silica — a subject discussed by 
W. M. F. Petrie, > and J. B. Beckmann. S. R. K. Glanville’s estimate that iron 
was used for industrial purposes before 3000 b.c. is considered to be ill-founded. 
N. T. Belaiew favours the view of C. L. Woolley that iron was smelted from its ores 
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by the Sumerians during the 3rd dynasty of Ur— that is, before 2200 b.c. 
C. L. Woolley reported finding a small furnace made with deeply fluted firebricks 
in the long enclosure to the courtyard close by the great Ziggurat. The furnace 
contained metal slag, and by it were found fragments of specular ore and some 
account tablets of the time of Ibi-Sin, 2208 to 21 83 n.c. 

J. M. Heath- vide infra — and R. A. Hadfield suggested that the masonry of the 
Egyptian pyramids was fashioned by means of iron and steel tools. H. Garland’s 
idea is that iron tools must have been employed for the finished carvings of the 
Egyptian dynasty, but X- A. Rickard has pointed out that the mcgalitliic archi- 
tecture and the intricate sculpturing of the prehistoric Americans- Mitha, Mexico ; 
Uxmal, Yucatan ; Copan, Honduras ; and Tihuanaco, Peru- indicate that carvings 
of this kind can ho done without the aid of iron tools T. A. Joyce, 0. II. Howard, 
and W. H. Holmes said that the shaping of the stones in these regions was done by 
means of flint, stone, or obsidian tools. 

According to W. M. F. Petrie, iron did not corrc into general use in Egypt until 
about 1200 n c ; or, according to H. R. Hall, about 1300 n.r. ; whilst 0. Mnntclius 
considered that iron made by man was rare as late as the 18!h dynasly, i.v. 1380 
to 1350 h c The period prior fo this is called by W. M. F. Petrie the Sporadic 
Iron Aye, and it includes the finds at E! Gcrzeli and Gizeh. There arc fragments 
of iron picks from the Black Pyramid at Abusir, dating from the 5th dynasty, 
about 3000 n.r. ; a mass of iron rust from Abydos, dating from the 6tli dynasty, 
about 2800 n r ; an iron spear-head, dating fi om ihe 1 2th dynasty, about 2200 n.c. ; 
an iron finger-ring and an iron sickle, found below the sphinx of Horcmheb 
near Karnak, and dating from the 18th dynasty, about 1350 n.r. ; and an iron 
halbert, probably of the time of Ramoses ITT, three knives of Ramesside, and 
a needle from Nubia, nil about the 20t li dynasty, about 1200 n.c. W. M. F. Petrie 
discovered a wedge of iron between two copper adzes in the temple of Abydos 
dating about 2800 n.c. 

Iron is not mentioned in the lists of tribute collected in the 18th dynasty — 
1580 to 1350 b.c. — but in the 1 9th dynasty iron is mentioned in the Abu Simcl 
inscription, indicated above, as well as on a clay tablet letter from Hattushil, king 
of the Hittitcs, to Rameaes II (1202 to 1225 b.c.), in which it is said : “ Concerning 
the iron about which 1 sent word, there is no good quality iron in the city of Kizzu- 
wadni, in the house of my seal.” The storing of iron under the king's seal suggests 
that the metal was scarce. There is a reference to scarce and costly iron in Meso- 
potamia in a contract made at the time of Hanimurabi 2067 to 2021 b.c 1 . ; and 
in the second millennium b.c ., iron in Babylonia appears to have been 15 to 20 times 
as valuable as copper. In the available records of the Assyrian colony at Cappa- 
docia, 2300 b.c., there is no mention of iron, but, according to H. Winckler, the 
people of Kisvadra (or Kizzuwadni) furnished Ramoses II with iron. The 
Assyrians acquired command of the region now known as Mesopotamia about 1300 b.c. 
An inscription in the temple of Ammon about this time states that Menptah 
captured implements of iron from the Libyans ; and an inscription concerning 
the Pharaoh Thothmes III says that he captured iron helmets and iron spears 
from Waharain (Mesopotamia). A doubtful translation of some ideographic writing, 
1125 to 1100 b.c., at the time of Tiglath Pileser I, an early Assyrian king con- 
temporaneous with Nebuchadnezzar, King of Babylon, may, according to W. Ridge- 
way, and D. D. Luckenbill, refer to spears tipped with iron, but it may refer to 
something else. According to W. Ridgeway, an inscription of Ashur-nasir-pal, 
885 to 860 b.c., refers to hatchets of iron (parzillu) and of bronze (mi), used for 
clearing a way through forests for his chariots. In this period, therefore, bronze 
or copper was being displaced by iron. W. Ridgeway regarded this as the earliest 
date of the use of iron by the Assyrians. According to W. M. F. Petrie, the iron 
of thte period came as tribute to Assyria from Chalybes, south-east of the Black 
Sea. Thus, Shalmaneser II, 859-825 b.c., took iron, etc., as tribute from Chattin ; 
and Rimman-Nirari III, 811 to 783 b.c., took iron, etc., as tribute from Chattin, 
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Acharru, Tyrus, Sidon, Chumri, and Palastu. A. Hertz said that iron was costly 
in the time of Tckulti Minurta I, 980 to 884 b.c. ; and an inscription of this period 
makes the first mention of iron tools. Two centuries latcT iron had come into 
industrial use, as exemplified by the find, described by L Beck, A. H. Bayard, and 
J> Bonomi, of an accumulation of iron bars, approximating 176 tons, in a store- 
room among the ruins of the palace of Sargon II, 722 to 705 b c , at Khorsabad. 
W. M. F. Petrie added that iron does not frequently appear in Egypt until the 
22nd and 25th dynasties- j.r. between 915 and 718 b.c. The heaps of iron-slag 
at Meroe and elsewhere in Ethiopia belong to the period succeeding 700 b.c The 
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Fin. 1. — Comparative Use of Copper, Iron, and Bronze by the Ancient World. 


iron tools unearthed at Thebes belong to the time of the Assyrian invasion by 
Ashur-bani-pal, m 666 b c. Even in Neo-Babylonian days, 625 to 550 b.c., we are 
told that the use of copper for cart-wheel tyres shows that iron must have been 
scarce or else 'difficult to fabricate. Many other iron objects were likewise found 
in the ruins of Nineveh and Babylon. Nebuchadnezzar, 605 B.c. to 561 B.c., used 
iron clamps for the stone blocks employed in building a bridge over the Euphrates. 
Herodotus mentioned the use of iron by the Persians, and Assyrians, and also in 
the equipment of the army of Xerxes, who was King of Babylon from 485 to 455 b.c. 
Xenophon, in his Anabasis (5. 5), written about 400 b*o., mentioned the iron mines 
of the Chalybeans. The use and manufacture of iron m Western Asia was also 
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discussed by Marco Polo t L. W. King and H. R. Hall, A. H. Layard, J. Russegger, 
F. von Schwarz, and C. F. Volney ; and the use and manufacture of iron in Palestine, 
by L. JJeck, St. J. V. Day, H. Guthe, J. Hastings, A. C. Key, R. A. S. Macalister, 
F. C. Movers, J. Orr, E. C. A. Riehm, D. Schetikel, G. B. Winer, nnd G. Zippelius. 

G. F. Zimmer added that at one time iron was so rare that, different nations of 
antiquity referred to it by talents, the same as witli other precious metals. If 
iron bad been then economically produced from its ore, it would not have been so 
rare ; and once the process of manufacture was discovered, the production of iron 
must have steadily increased, and been continuous, not sporadic, as would be the 
ease if iron were found accidentally-. W. M. F. Petrie, and others, obtained evidence 
that iron was freely employed for agricultural work in Egypt and Assyria about 
80() b.c., and at the time of Moses iron was produced from the ore, so that the iron 
used in building the Great PjTamid was either telluric or meteoric, or else it was 
produced from the ore. The output, said G. F. Zimmer, did not at first keep pace 
with the demand, and the value of iron was only gradually lessened. About 
G07 n.c. iron had become ? plentiful that in plundering the valuables at the last 
fall of Nineveh the iron alone was left behind. Fig. 1 represents G. F. Zimmer's 
idea of the comparative use of copper, iron, and bronze by the people of the ancient 
world, and the gradual displacement of stone by metals, 

According to C. R. bonder, one of the Tel-el-Amarna tablets sent from a Hittite 
king to Ainonsholep III- 1411 to 1375 u.c. — promises iron as an extremely valuable 
gift. There are also an iron dagger-blade, part of an iron amuletic bracelet, and a 
miniature iron head-rest found in the innermost sarcophagus of Tut-ankh-amen 
in 1925, and described by A. Lucas, H. R. Hall, and H. Carter. These are taken 
to show that iron was scarce in Egypt even under the foreign domination that 
followed the reign of Tut-ankh-amen. These specimens of iron were considered by 
T. A. Rickard to lie of meteoric origin, because their having resisted corrosion 
for so long a period is a characteristic of nickeliferous or meteoric iron. The use 
and manufacture of iron in Egypt were discussed by G. Belzoni, H. Bliimner, 
St. J. V. Day, F. Delitzscli, A. I)itte, G. Ebers, A. Erman, (#. Faulmann, R. Forrer, 
J. A. N. Friend, 11. Garland, R. D. Georgi, M. Gsell, M. Hajnal, W. Heyd, M. Hoerncs, 
F. Hommel, A. Jeremias, A. 0. Key, C. B. Klunzinger, J. Lanth, O. von Lemm, 
R. Lcpsius, H. H. Manchester, 0. Olshausen, W. M. F. Petrie, R. T. llolfe, 
0. Schrader, G. Schweinfurth, W. Schwenzncr, E. Soldi, W. Spiegelberg, 0. Stoll, 
A. Wiedemann, and S. Zaborowsky. 

The articles on the Canaanites, chariots, iron, etc., in the Encydopcedia Ihbhca 
(London, 1901) have many references to the use of iron in Palestine. The old 
legend, referred to in Genesis ( 4 . 22), describes how Tubal Cain was an instructor 
of eveiy artificer in brass and iron, and the date approximates 3000 n.c., but since 
the writer of this, the earliest portion of Genesis, probably wrote about 950 B.c., 
ho described his idea of things in the language of his own day, not long after the use 
of iron had been discovered. According to J. Hastings, the Hebrew text is correct ; 
it gives tubhal gay hi, but originally tubhal stood alone ; gayin was a marginal 
explanation signifying artificer or smith. The affix Cain does not appear in the 
Greek version, and it is thought to have been added to Tubal to explain why the 
hero was regarded as the instructor of metal-workers. The name Tubal is supposed 
to refer to the Tibareni, mentioned by Herodotus as a people of Scythian stock 
dwelling in the mountains south-east of the Black Sea. Tubal appears to have 
been the eponymous hero or ancestor of the Tibarenian metal-workers. In the 
Bible — Ezckid ( 27 . 13) — Tubal iB sometimes coupled with Meshcch, who traded 
in “ slaves and brass.” Herodotus also associated the Tibareni with the Moschi 
(Meshki, a people of Caucasus, north of Kars). T. A. Rickard added that among 
their neighbours in the foothills of the Caucasus were the Chalybes, from whom 
the Greeks first heard of iron, which they named Khalups , a word, according to 
W. M. F. Petrie, related to the Arabian halaby — tinker. Strabo refers to two tribes 
of Chalybes — one, living in the north-west of Armenia, was a warlike people ; and 
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the other, living across the mountains, was a peaceful people whose principal 
occupation was the manufacture of iron. Even to-day it is Raid that in the streets 
of Erzeram, in the region of the source of the Euphrates, iron is worked in the old 
primitive way. Tubal is identified with the Assyrian Tobal, a people of Cappa- 
docia, living in the Caucasus region, and from whom the Assyrians obtained the 
iron with which they went forth to conquest. In the Hebrew text, of the passage 
in Genesis (4. 22) the two metals arc named bharzel and nehosheth , and these terms 
were translated in the Greek Septuagint as sideios and ckalkos respectively. The 
former term refers to iron, and the latter stood for both copper and bronze. The 
zinc-copper alloy brass was unknown to the ancients of Palestine or of Greece ; 
but we are told that in Old English prior to the eighteenth century brass stood for 
any impure copper. Hence, the scholars tell us that the rendering of the passage 
in Genesis (4* 22) in modem English is “ Tubal, the father of all such as forge copper 
and iron.” Enoch (8. 1) also mentioned the general tradition that the first metal- 
worker was a god, and that the fallen angel Azazel was a teacher of the art. 

The Philistines entered Palestine before the Israelites, and there were numerous 
petty skirmishes between the two tribes. The references in I Samvel (18. 19-22) 
indicate that the Philistines were acquainted with iron, and that they kept the 
Israelites in ignorance of the method of working the metal. Ah R. A. S. Macalister 
pointed out, when the Philistine dominion was broken up, and David was on the 
throne, the use of iron became general. This is shown by the references in I Samuel 
(17. 7), II Samuel (12. 31), I Chronicles (22. 3; 29. 7), II Chronicles (2. 7), and 
/ Kings (8. 7) to the armour of Goliath in his fight with David, to the building of 
Solomon's temple, and to the torture of the people of Kabbah. W. Ridgeway does 
not consider that the reference to the iron bedstead or .sarcophagus of Amoritc Og, 
King of Bashan (Deuteronomy, Z. 11), proves that the people of Canaan were work- 
ing irontwhen the Israelites came out of Egypt. According to J. II. Gladstone, 
and F. J. Bliss, the excavations at Lachish, a city of the Amoritcs, show that iron 
does not appear in the remains earlier than 1250 B.r. — nearer 1000 n.c\, in fact. 
The references in Judges (1. 19 ; 4. 3), Joshua (17. 16), and Nahum (2. 4), show that 
the Canaanites had a military advantage over the Israelites in possessing chariots 
of iron ; and from Deuteronomy (8. 9) it would appear that the Canaanites obtained 
their iron from the mountains of Lebanon, where smelting was conducted from 
early times. Jeremiah (15. 12) also speaks of “ iron coming from the north,” and 
J. Beckmann considers that this means " steel from the Chalybes.” 

The use and manufacture of iron in Western Asia were discussed by M. Firdusis, 1<\ Freisc, 
P. Deussen, O. Schrader, E. O. von Lippmann, G. Zippelius, R. Forrer, M. Hoemes, 
J. Hoops, II. Hanemann, E. Meyer, W. Huge, M. 1. Rostovtzeff, A. Jeremies, R. Lepsius, 
F. Cumont, and C. Thulin. 

There are many other Biblical references to iron— e.g. Job (19. 24 ; 20. 24 ; 41. 
7), Proverbs (27. 17), Jeremiah (1. 18 ; 15. 12), Isaiah (60. 17), Psalms (18* 34, 35), 
and II Samuel (22. 35). The references in Amos (1. 3), Jeremiah (17. 1), Isaiah 
(48. 2), Ezekiel (4. 3), and Micah (4. 13) show that iron may have been known to 
the Hebrews and Syrians. The references in Deuteronomy (4. 20), I Kings (8. 51), 
and Jeremiah (11. 4) show that Binciting furnaces were known to the later Hebrew 
writers. It is probable that the Israelite slaves of Egypt laboured at the iron 
furnaces, and the iron furnace is used as an allegorical figure expressing intense 
suffering. Indeed, Diodorus, in his Bibliotheca historia (30 B.c.), represents the 
labour of the slaves at the iron furnaces of Greece as the most intolerable of all 
tyrannies. 

The archesologists have discussed whether the iron in ancient Egypt was intro- 
duced from one of the neighbouring countries of the Middle East, India, or even 
China, or whether the Egyptians themselves discovered the modes of extracting 
and treating the metal. T. A. Rickard thus summarized the available information 
concerning the early manufacture of iron from terrestrial ore : the art did not 
originate in the valley of the Nile, nor in the valley of the Euphrates, for neither 
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was a mining region. In agreement with the my the narrated by the Greek 
historians, and Hebrew traditions as exemplified by the tale of Tubal, the smith, 
the original home of metallurgy in the ancient world was the mountainous country 
between the Caspian and the Black Seas. The Amorites and the Hittitcs, the 
Dactyli — mentioned by Strabo and Diodorus— the Chalybes- mentioned by 
iEschylus— and the Phrygians- - mentioned by Herodotus— are links in the story 
of prehistoric metal culture. Although the first production of iron is associated 
with the Anatolian area, the use of the metal is connected with the extension of the 
Hittite power into the Syrian lowlands after MOO b.c. p and the widening use of 
iron was probably associated with the disintegration of the Hittite empire. 
According to H. Obermaier, the Assyrians obtained their metal from the Caucasus, 
and the Hittites brought iron into Syria. According to J. de Morgan, the tribes 
bordering on Armenia and Cappadocia, in the foothills of the Caucasus, discovered 
the art of smelting iron, where it is possible that the chance admixture of manganese 
may have yielded a metal of marked excellence. W Ridgeway said that the 
Philistines brought iron from these countries into Palestine, and it was there that 
W. M. F. Petrie, in 1927, discovered the oldest specimens of undoubtedly man- 
made iron, for in a mound at Ocrar, nine miles from Gaza, he found iron-smelting 
furnaces and agricultural implements, all of which had been made on the spot. 
These discoveries were dated by means of contemporaneous scarabs and amulets 
of Egyptian origin ; some iron knives are believed to go back to 1350 n r\, and the 
remains of the furnaces to 1194 B <\ 

According to J (2 Wilkinson, the frescoes in the Egyptian tombs of Reni- 
llassan (Fig. 2) show that prior to the 18th dynasty the draught in the Egyptian 
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metal furnaces was produced by blowpipes, and four to six men were required for 
the smelting operations. The mouth blowpipes were made of reeds tipped with 
clay, and only small pieces of metal could thus be melted. Bellows were probably 
introduced about the 18th dynasty. Fig. 3 is from a tomb of the period of 
Thothmes III, about 1500 b.c. These primitive bellows consisted of a flat pot 
covered with, presumably, goatskin ; there was a hole in the middle of the skin 
which could be closed by the heel of the operator so as to form a kind of valve ; 
when the valve was released by the heel, the skin was pulled up by a cord in the 
worker’s hand. Similar bellows are used to-day by some remote tribes in India 
for the manufacture of iron. The primitive furnaces, or air bloomeries, were erected 
on high grounds in order that the wind might assist combustion. F. D. Hartland 
examined the remains of an ancient iron-works at Sarabil-el-Rhadem, near Ayun 
Musa, by the Red Sea. The furnaces are thought to have been on the Catalan 
system, but the ore was imperfectly worked, since 53 per cent, of iron occurs in the 
slag-heaps. This makes it appear as if no complete smelting was employed, but 
only a process of fusion. 

The general results show that iron waB comparatively rare in Egypt until about 
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1300 b.c., and that before this iron was used sporadically ; only about half a dozen 
specimens remain to us — described by J. A. N. Friend, and H. Garland — which can 
be definitely shown to belong to the period prior to 1300 b.c. Although during this 
period the Egyptians knew how to extract iron by smelting, it was not until about 
1200 b.c. and onwards that the Egyptians realized the plentiful distribution of the 
ore, the ease with which the metal could be extracted, and the uses to which 
that metal could be applied in their daily work. H. C. il. Carpenter and 
J. M. Robertson examined motullographically many specimens of ancient Egyptian 
implements, and as a result concluded that carburizing, quenching, and heat 
treatment generally were practised by the Egyptians many centuries before the 
Christian era. N. T. Belniew pointed out that a great change in the treatment of 
metals in Egypt occurred in the 18th and 19th dynasties ; and that in the 19th 
dynasty the Egyptians were brought into contact with the Hittites and other 
peoples of Asia. Hence, although the Egyptians were acquainted with iron 
imported from Asia, they were not so well acquainted with the heat-treatment of 
iron. This they learned from the Hittites after the battle of Kadesh. The smelling 
of iron was probably begun about 1400 b.c. in the Ilittite uplands between 
the Taurus and the Caucasus. Because of the proportion of contained nickel, it 
is inferred that all iron of earlier date is of meteoric origin. 

According to C. Davenport, and W. Jones, legend has it that the nails used in 
the crucifixion of Christ were of iron, and the iron band in the Corona Ferrea, or 
Crown of Lombardy, was made from these very nails. There are several references 
to iron in the Koran , written in the early part of the seventh century— e.q. 
in the Suras ( 17 . 53 ; 18 . 95 ; 22 . 21 ; 34 . 10 ; and 57 . 25). Mahomet said : 
“ Dire evil resideth in iron as well as advantage to mankind/’ Herodotus made a 
similar statement. E. Wiedemann gave an account of the contributions of the 
Arabian writer A1 Dimaschqui, about 1320, to the history of iron in Arabia -a 
subject discussed by A. von Kremer, F. Wustcnfeld, E. Meyer, W. von Gravenborcli, 

A. Ilg, W. Heyd, and 0. Stoll. 

According to P. Neogi, certain passages in the Yajuvedu indicate that iron was 
worked in India about 2000 b.c. Later, between 5(K) and 200 b.c , iron apj>ears 
to have been largely used in India, more especially for warlike weapons. Probably, 
however, the most remarkable instance of its employment appears in a medical 
work describing nearly one hundred surgical instruments used for most delicate 
operations, which seems to show that the manufacture of steel must have been 
well understood. Iron swords and daggers have been unearthed from certain 
burial sites in Tinnevelly ; but though their exact age cannot be fixed, they arc 
believed to have come down from prehistoric times, and specimens of third-century 
iron have been recovered from Buddha Gaya. According to C. von Schwarz, 
the manufacture of cast steel can be traced in India back to about 600 B.c., because 
fragments of weapons made of cast steel have been found in the Tombs of Wurri- 
Goan, Central India (about 5C0 B.c.). The metal was smelted in crucibles, and tie 
hardened steel, called burs, was transported to Damascus &b raw material for the 
manufacture of the Damascus blades of the Middle Ages. A. K. Coomaxaswamy 
also stated that the great antiquity of iron in India in the Vedic period is illustrated 
by constant references to iron in the Vedic literature, and in the latest of the four 
Vedas, the Atharvaveda, 1200 to 1000 B.c., iron is mentioned several times. 
I. E. Lester said that the use of iron between 1400 b.c. and 1000 n.c. was noted by 
R, G. Dutt. The old historian Herodotus stated that the Indian army of Xerxes 
carried arrows tipped with iron, so that iron was used for military purposes 500 b.c. 
The word ondantque which occurs in Marco Polo’s travels originally referred to 
Indian steel, and the word is said to be a corruption of the Persian hundwaniy . 

The Indian native processes for iron and steel were described by F. Buchanan, 

B. Heyne, etc. — vide infra , the history of the blast furnace. For a discussion on 
Wootz steel and Damascus steel, vide infra . J. M. Heath referred to the gTeat 
antiquity of the iron and steel industry in India in these words : 
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The antiquity of the Indian process is no less astonishing than its ingenuity. We can 
hardly doubt that the tools with which the Egyptians covered their obelisks and tenqdes 
of porphyry and syenite with hieroglyphics were made of Indian steel. There is no evidence 
to show that any of the nations of antiquity besides the Hindoos were acquainted with the 
art of making steel. The references which occur in the Greek and Latin writers on this 
subject, served only to better their ignorance of it ; they wore acquainted with the qualities 
and familiar with the use of steel, hut they appear to have been altogether ignorant of the 
mode in which it was prepared from iroh. The edges of cutting instruments of the ancients 
were all formed of alloys of copper and tin, and we are certain that tools of such an alloy 
could not have been employed in sculpturing porphyry and syenite. Quintus Curtius 
mentioned that a present of steel was made to Alexander of Marodon by Poms, an Indian 
chief whose country he had invaded. We can hardly believo that a matter of about 
30 lbs. weight of steel would have been considered a present worthy of acceptance of the 
conqueror of Iho world had the manufacture of that substance been practised by any of 
the nations of tbe West in tlie days of Alexander. In view of the inaritimo intercourse 
between Egypt and the East, it appears reasonable to conclude that the steel of the South 
of India found its way by these routes from the country of Poms to the nations of 
Europe and Egypt. Consequently, the claims of India to a discovery which had 
exercised more influence upon the arts conducive to civilization and the manufacturing 
industry than any other within the whole range of human invention is altogether 
unquestioned. 

There are numerous reports- A Gunniiigham, St. J. V. Day, V. A. Smith, 
0. Gumming, etc cm the famous iron pillar at Delhi, India- -the Delhi pillar. It 
is 23 ft. 8 in. long, and 22 ft. is vertically above the ground ; its upper diameter 
is 12 J in., and its lower diameter is 101 in., while its total weight is estimated to be 
about 0 tons. It has been stated that it dates back to 912 h.(\, but later estimates 
give a i). 3(H) as being nearer the mark. The pillar is usually said to show no 
symptom of rust. It bears an inscription in Sanscrit : The triumphal pillar of 
Rajah Dhavu, a.d. 310, who .wrote his immortal fame with his sword." Numerous 
legends have grown about the pillar. The pillar is not now on its original site, but 
was moved to its present position about a.d. 1002 so as to form an adjunct to a 
group of temples. According to It. A. Hadfield, the analysis of the metal is : 0-080, 
G ; 0-046, Si ; 0-006, S ; 0-114, P ; 0-000, Mn ; 0-032, N ; and Fe, 99-720 ; the 
sp. gr. is 7-81 ; and Brinell’s hardness, 188. The microscope reveals the presence 
of large grains of ferrite, with very small portions of eementitc sometimes located in 
the ground mass and sometimes in the grain junctions. 

Another iron pillar, the Dhar pillar, was erected at. Mandu, about 22 miles 
from Dhar or Dhara, the ancient capital of Malava. It was probably entire in 
a.d. 1304, but was thrown down and broken in two by the Mohammedans ; aboqt 
a.d. 1405 the larger pieee was erected at Dhar. This was knocked down about 
1531 und broken into two pieces. There are thus three portions scattered in the 
town. The total length of the whole piece must have been at least 43 ft. 4 in. 
The average section is 10 \ to 10 J in., but the base iH slightly bulbous and is 11 to 
11 J in. wide, 2 ft. from the end, The octagonal section is very irregular in form. 
The pillar has been described by V. A. Smith, H. (3. Graves, R. A. Hadfield, 
H. Gousens, etc. R. A. Hadfield described another iron column known as Khan 
Baba , in llesh, in the Bhilsa District, Gevalior State, India ; it bears the inscrip- 
tion : “ This Pillar was erected by a Greek called HeliodoruH, son of Dion, who 
was an ambassador despatched by the Greek king Antialkidas to the court of an 
Indian Prince named Bhagabhadra, who ruled over Central India." It is believed 
to have been fixed about 125 b.c. There are a number of iron beams -the Konarak 
beam ft — from the Black Pagoda, at Konarak, in the Madras Presidency. They 
have been described by V. A. Smith, J. Ferguson, H. G. Graves, ,T. A. N. Friend 
and W. E. Thorneycroft, etc. The temple probably dates back to the thirteenth 
century, and the beams were used as supports for the lintels of the doorway, etc. 
The temple is in mins, and the beams scattered about have been broken by the 
fall. The beams were made by welding up small blooms about 3 to 4 lbs. in weight. 
There are numerous slag inclusions in the metal. J. A. N . Friend and W. E. Thorney- 
croft gave for the analysis : 0-110, C ; 0-100, Si ; 0-024, S ; 0-015, P ; and Mn, a 
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trace. The Brinell’s hardness is near 72. The metal is rather more resistant to 
corrosion than is the case with ordinary mild steel. 

The use and manufacture of iron in India were discussed by Ismail Ibn'Ati Abulfeda, 
R. Andr6e, J. Babington, Ibn Batuta, N. T. Belaiew, I. Benzinger, 8. U. Syed Ali Bilgrami, 
G. C. M. Bird wood, A. Bose, B. H. Brough, W. Cracroft, J. Danvers, W. Denison, 
F. M. Feldhaus, L. Frazer, F. Freise, J. A. N. Friend, H. G. Graves, M. Gsell, A. de Guberaatis, 
W. Guertler, J. M. Heath, M. Hoemes, C. Hostmann, L. Jacob, A. von Kremer, I. E. Lester, 
F. von Luschan, J. V. McCartney, A. Mo William, W, May lor, H. B. Medlicott and 
W. T. Blanford, O. Montelius, D. Mushet, I*. Neogi, H. Oldenburg, G. U. Fearse, G. Pearson, 
J. Percy, B. H. B. Powell, P. W. Powlett, P. C. Ray, L, Housselet, A Sahlin, O. Schrader, 
£. Schultze, C. von Schwarz, W. V. Scudamore, P, Sonnerat, W. Soworby, M. Taylor, 
T. Turner, O. Vogel, J. Wallace, H. Wilkinson, K. Woennann, B. Yaueske, andF. X. M. Zippe 
— in de infra , the history of the blast furnace, 

A knowledge of Indian steel must have filtered through from India to Ceylon ; 
and S. M. Burrows said that Wijiya was a petty prince in the valley of the Ganges, 
and that he, with his followers, landed in Ceylon in 543 b.c. The excavation of 
the buried cities of Ceylon, dating back to the fifth century b.c., has furnished a 
number of samples of iron, and A. K. Coumaraswamy, and H. Parker have described 
ancient processes of manufacturing iron, as well as various specimens of ancient 
iron and steel. H. le *Chatelier raised the question whether the troostite found 
by R. A. Hadfield in an ancient chisel represented martensite which had been 
transformed by spontaneous annealing during the 1500 years the specimen had been 
in existence. R. A. Hadfield gave the following analyses of specimens of Sigiriya 
iron and steel of the fifth century : 
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The use and manufacture of iron in Ceylon were discussed by J. Davy, 
R. A. Hadfield, If. Parker, L, K. Schrnarda, and C. P. Tliunberg. W. Kosenhain 
examined the links of a chain which had probably been exposed m Ceylon to the 
atmosphere for 2000 years. The relation of the Gipsies to the iron industry was 
discussed by R. Andree. H. M. G. Grellmann, and J. Simson. The use and manu- 
facture of iron in the East Indies and vicinity were discussed by F. de Magal- 
hoes (Magellan), P. Sonnerat, J. Crawfurd, T. Waitz, J. B. van Hasselt, M. Schulze, 
H. Everett, J. Moura, H. Meyer, R. Andree, A. Schadenberg, and W, Foy ; 
in Sumatra, by W. Marsden, L. Horner, R. Andree, M. Moszkowskv , in Java, by 
T. S. Raffles ; in Borneo, by G. W. Earl, (\ A. L. M. Schwaner, and C. Hose and 
W. McDougall ; in Papua, by G. W. Earl ; in Malay, by H. von Rosenberg ; in 
Philippines, by A. Schadenberg ; and in Polynesia, by M. Hoernes. 

G. F. Zimmer said that the Chinese used iron from the time of Enqieror Ko-Hi, 
about 2000 b.c. At that time the aborigines of Tibet, the Miao-Tze, had iron 
swords and hatchets, and the Emperor Fo-IIi received tribute in supplies of iron 
from them. This period is probably less rcmole than is here indicated, for 
F. R. Tegengren said that the earliest period of the use of iron in China is in 722 
b.c., and in 685 B.c. copper was still being used for swords and spears, whilst hoes 
and hatchets were made of iron. According to W. Ridgeway, the use of iron is 
mentioned in the Yil Rung dating from 2200 b.c. ; according to R. A. Smith, the 
province of Shan Si, in China, has yielded iron from remote timeB ; and, according 
to F. Hirth,'iron was used in China for agricultural purposes in 696 b.c. Pliny, 
in his Hisloria mturalis ( 34 * 41), said that the best iron was made by the Seres, 
and this is taken to have meant the Chinese. In the thirteenth century, Marco 
Polo referred to the use of iron by the Chinese, and M. A. Stein found evidence of 
the use of iron during the eighth and ninth centuries. The use and manufacture 
of iron in China were discussed by W. H. Adolph, R. Andrle, E. von Bibra, 
J. C. Brown, G. Chamier, M. Greiner, St. J. V. Day, F. A. Foster, F. Freise, 
W. Gnibe. M. Gsell, F. Hirth, M. Hoernes, J. Klaproth, E. Kocher, A. Ledebur, 
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J. Legge, F. Lepormant, E. 0. von Lippmann, F. Lux, J. Markham, W. Matschoss, 
A. B. Middleton, 0. Montelius, T. D. Morgan, M. Much, A. Pfizmaier, 0. Ramm- 
stodt, T. T. Read, L. Richard, F. von Richthofen, B. Simmersbach, M. A. Stein, 
0. Stoll, C. P. Thunberg, O. Vogel, K. Wendt, E. Wiedemann, K. Woermann, and 
C. Yang and C. F. Wang. 

According to W. Gowland, in Japan there were skilful workers of iron in the 
third or fourth century b.c. The swords are said to be ‘‘ splendid examples of the 
work of the smith.” E. Trcptoff said that the oldest iron manufactured in Japan 
was at Sugaya in a.i>. 1264. The use and manufacture of iron in Japan were dis- 
cussed by R. Andr^e, E. Baelz, B. H. Brough, Sb. J. V. Day, W. Donitz, H. Fey, 
H. H. Manchester, V. P. Thunberg, and E. TreptofF ; and in Siberia, and 
Northern Asia, bv R. Andree, L. Colin, M, Ebert, A. Erman, J. G. Gmclin, 
J. G. Georgi, B. F. J. Hermann, A. Kolin, S. Krascheninnikoff, A. Lcdebur, 
A. von Middcndorff, J. G. Muller, K. von Neumann, K. Nishio, A. E. von Norden- 
skjdld, P. S. Pallas, J. S. Poljakuft, M. Radloff, J. Sievors, G. W r . Sbeller, and 
E. Treptoff. 

According to 0. Montclius, the iron age commenced in Greece about 1500 b.c., and 
M. I. RostovtzefT supposed that the iron industry was introduced by the Achseans 
into Greece between 1150 and 1 200 b.<\ The cube of iron found in 1 927 at Knossos, 
in a Middle Minnan grave, dating from about 1800 b.c., was considered by II. R. Hall 
to be the “ most ancient known worked iron from the ^Egean area.” Here again 
the specimen w 7 as considered as a precious metal, and is more likely to have been 
of meteoric origin. A similar remark also applies to the finger rings, date about 
1550 B.c., found in the tombs at Pylos in t lie Peloponnese. J. L. Myres thinks that 
Herodotus may ha\c been right in using the term sigyunce for the throwing spears 
made wholly of iron which characterized the Iron Age culture of Cyprus in early 
Hellenic times. Homer, who flourished 880 B.t\, was familiar with the metal ; 
and the Homeric Age, the period on w T hich the Iliad and Odyssey are founded, 
ranges from 1400 to 1200 B.c. Both poems contain a few .references to iron, and 
they may be taken to indicate whut Homer himself thought of the use of this 
metal in the years to which reference is made. They prove little else. The 
subject was discussed by T. W T . Allen, J. A. N. Friend, W. Iiclbig, A. Lang, 
V. Berard, W. llidgetvay, and 11. B. Gotterill, and a collection of references is given 
by L. Beck — vide infra , the tempering of steel. 

Iron w T as apparently on trial in Homer’s time ; the Homeric swords, spears, 
and armour were generally of bronze, probably because, owing to poor methods 
of manufacture, the iron or steel weapons were unreliable and at a critical time 
might buckle or bend. Pausanias, in his Per ivy e sis ( 3 . 3, 6), in the 2nd century 
of our era, said that the weapons of the heroic age of Greece — e.g. the spear of 
Achilles, and the sword of Memnon — preserved in the Greek temples, were made of 
bronze. Iron does not appear' to have replaced bronze in the manufacture of 
weapons of war until the sixth century B.c. L. Beck gives a number of references 
to iron in the Theogony of Hesiod, who flourished about 700 B.c. The History of 
Herodotus, written about 450 b.c., contains many references to the use of iron in 
Greece, Egypt, and the Near East. There are other references in Greek literature. 
Thus, -flfochylus, in liis Prometheus ( 4 . 302 ; 8. 712), called the Caucasus the 
“ motherland of iron,” and he praised the iron of the Chulybeans, located at the 
head of the Euphrates. The Greek term \d\vip for steel takes its origin from 
these people. He also added that the GJialybean iron-workers are wild and 
inhospitable ; while Xenophon, in his Analtasis ( 5 . 5), said that the whole race 
lived on the proceeds from the iron industry. E. O. von Lippmann also discussed 
the references to iron by Arislotle, who flourished between 384 b.c. and 322 b.c., 
and said : 

iron is obtained in large quantities from the ironstone of Elba and from the mines of 
the Chaly beans near AmiBUS, on the southern shore of the Black Sea. The ore is difficult 
to melt on account of the quantity of olay contained in it, and it is to be softened only by 
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raising it to a great heat. Iron is of great strength and very hard, though it is said that in 
Cyprus there are mire which are able to gnaw it. The best and hardest of all kinds of iron 
known is thnt of tho Chalybcans, that is, steel (Chalybs), and it is obtained from iron by 
melting it repeatedly together with certain stones in a furnace, during which process much 
slag is formed and a groat loss in weight occurs, on account of which the product is very 
Costly. The finished steel is hard, with a glittering surface, And resists rust ; but it is not 
applicable to all tho purposes tor which less pure iron is used. The quality is judged by 
the sound given out in working it on the anvil. A Sicilian trader, recognizing that iron 
was an indispensable commodity, onco succeeded in buying up the produce of all the 
smelters of iron, and made a profit of 200 per cent, when a scarcity arose. 

In 1871, H. Schliemann began a series of investigations at Hinsarlik, the site 
of ancient Troy, and found the remains of several cities, possibly nine, one super- 
posed above the other. The sixth turned out to be the Troy of Homer, dating 
from 15(X) b.c., whilst the second dated back to 2500 b.c. From Troy, H. Schlie- 
mann went to Mycenae, Greece, and there he discovered evidence of a civilization 
contemporaneous with that of the Homeric Troy. Excavations in Crete showed 
that the inhabitants there attained a high stage of civilization, which reached a 
zenith and then passed into oblivion. The Mycenaean civilization was derived 
from that of Crete. J. Evans found at Knossos buried cities with indications of 
a bronze age above neolithic remains, and he called it tho Minonn Age in allusion 
to Minos, the legendary sea-king of Crete, mentioned in Homer's Odys*ry. Crete 
was then the dominant sea-power in the Mediterranean, and this period extended 
from about 4000 to 1200 b.c. Thero was now a transitional period wdien irun 
weapons, etc., began to ac company the bronze relies. The earliest iron weapons 
have been found in Eastern Crete, and then they appeared in Thessaly, and latei 
still in Athens and Tiryns. Iron swords have been here found in graves dating 
from J000 b.c. The history of iron in Greece was discussed by J. Beckmann, 
(t. Beloeh, H. BlUmner, H. A. Boyd, R. M. Burrows, H. Chevalier, E. Curtiua, 
F. M. Feldhaus, R. Forrer, F. Freise, L. Friedlander, M. Fuchs, M. Gercke, 
W. E. Gladstone, M. Gsell, H. Hancmann, M. Hoernes, J. Hoops, C. Hostmann, 
0. ImmiHch, O. Johannsen, 0. Kern, C. Klinkenberg, A. Koerte, J. H. Krause, 
A. Lang, F. Lenormant, E. 0. von JJppmann, C, A. von Lobeck, H. H. Manchester, 
A. H. Mauduit, E. Meyer, H. H. Montanus, 0. Montelius, A. Marco, O. Olshausen, 
0. Pauli, K. Preisendanz, M. Begling, C. Robert, J. P. Rossignol, A. Rzach, 
0. Schrader, M. Sudhoff, K. Turupel, M. Wessely, and S. Xanthoudides. 

There was an advanced bronze* age in Etruria, Italy, prior to J(XK) b <\, and 
iron swords with bronze handles of this period are common in Etruscan remains. 
At the beginning of our era, Strabo, is his (jeographica (5. 2), stated that iron ores 
were shipped from Elba for further treatment at Populoma (Piorubinq)- the 
Sheffield of the Etruscan kingdom. The name Elba is said to be derived from the 
Greek eOeipa, in allusion to the dames of iron furnaces, and is said to indicate that 
when the Greeks discovered Elba, they found iron furnaces there at work. Virgil 
alluded to the inexhaustibility of the iron mines at Elba — insula ineshausti* 
chalybmm generoso m etallis Aneid (10. 174)- and he added that the iron was so 
abundant that the soldiers sent from this neighbourhood to help *Kneas were 
clad from head to foot in armour of iron. L. Simonin has described the remains 
of the bloomery hearths employed at Populonia for treating the* ores from Elba. 
The Etruscan furnace was surrounded by blocks of sandstone, and the slag was well 
fused, honeycombed, black, and crystalline ; and it contained 40 per cent, of 
ferrous oxide. The charcoal Bcemed to have been derived from the oak and 
chestnut. The spoil-heap was over 600 yds. long, and about 7 ft. high. Diodorus 
Siculus &1bo described the ironworks at Populonia. Some of the coins of ancient 
Populonia have the head of Vulcan with representations of hammer and tongs, 
thus showing the importance of the iron industry to the people there. Remains 
of an Etruscan ironworks have been discovered at Gheradessa on Mount Bucho 
al Ferro. The subject was discussed by A. Gurlt, If. tfcott, and G. Dennis. 
T. Poech considered that the Elba mines date back to the time when iron first came 
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into general use. Some of the discoveries in the waste-heaps go back to the Stone 
Age, and the weapons with which Troy and Carthage were conquered were probably 
made from Riba ores. F. Odcrnheimer said that the Elba mines were known to the 
Phoenicians and were subsequently worked by the Greeks and Romans. Accurate 
data can be traced back to 1193 a.p., when the Emperor of Germany, Henry VI, 
transferred his mining rights over Elba to the Republic of Pisa. 

The Romans displayed little inventive genius, and what successes they obtained 
in the arts and crafts were duo to the work of imported craftsmen- -1. I, 29. There 
ie a reference to the work in the smithy in Virgil’s AZuetd ( 8 . 41b) : 

Ah when the Cyclops, at tlf Almighty nod. 

New thunder hasten for then angry god, 

Subdued in tire the stubborn metal Ju-s ; 

One brawny smiLh the putting bi lious jibes. 

Anil draws and blow* reciprocating air : 

Others to quench thu hissing mass prepare * 

With lifted urrns they order everj blow. 

And rhuna then sounding hummers in a row ; 

With laboured uiiwk ICtna groans 1 m*1ow, 

Strongly they strike , huge Hakch nl llaines expire ; 

With tongs the} turn the steel and wx it in tlie firo. 

This shows that the Romans were familiar with steel and the method of tempering 
it prior to 30 B.r. vide infra, the hardening of steel. There are al.su references 
to iron by other Roman poets v.g. in Ovid's MrUmmr phone* ( 14 . 712) ; in Horace's 
Odes (2. lb, 17. 51 ) ; and in Lucretius' Dr mum vat urn (6. 148). Plinv, in his 
Ilistoria Hatumlis ( 34 , 39 to 43), c. a.d. 73. lias collected the current lore concerning 
iron. He said that the art of working iron is due to Cyclops, and that other legends 
ascribe it to other sources. Pliny gave an account of the common types of iron 
ore, and the varieties of metal which they furnish He attributed the effects of 
tempering (qv) to the nature of the water, and he said that the natural waters 
in some localities give better results than in others. He said that when the ore 
is fused, the metal becomes like water, and afterwards acquires a spongy, brittle 
texture. This is the way cast iron would hcli«i\e. Plinv discussed the rusting 
of iron by.?’.), and the medicinal virtues of preparations of iron, lie lamented 
the use of iron in the manufacture of weapons : 

ft is with iron that wars, murders, mid mhhcncs are effected, and linn nut only hand to 
hand, but from a distance' even, by the md nt mission and winged weapons, now luimched 
from engines, now hurled bv the human Mrm, ami now furnished with leather's wings. 
Tins last l regmd tin the most criminal art dice that lias been dcMHcd by the human mind ; 
for, as if to bring death upon man with still greater rapidity, we have given wings to iron 
and taught it to fly. 

There are references by Diodorus, fiibhothrva hivtorica (6. 33, 34), ami by Livy, 
iu his Historia ( 21 . H), to the use of iron in Spain. The history of iron in the Roman 
Empire and Italy was disc usssed by L. Reck, J. Beckmann, H. Bell, H. Bliimncr, 
R. Forrer, F. Freise, 0. Fremont, L. Friedlawler, M. Gummerus, A. C 5-urlt , H. Ilano- 
ntann, T. Haupt, J. F. L. llausmann, AI. Hocrnes, J. Hoops, K Jiubiier, H. JeutHch, 
W. Kroll, A. Jjedebur, R. Marggrnfl, H. II. Mauchcsler, C. AJohlis, E. Moyer, 

Mockrauer, 0. MonteJius, A. Morlot, B. Neumann, K. Ricns, J. I\ Rossignol, 
H. Rupe, M. Sagcy, 0. Schrader, H. Scott, Al. Skutsch, 0. Stoll, R. von Stoltzenbcrg, 
B. C. J. B. Tronson du Coudra v, F. Winkclniann, and G. Wissowa. 

According to R. von B. Baum, Punic and Roman tools have been found in 
old workings in North-West Africa, showing that there the iron-mining industry 
goes back to ancient times. The iron mincH and the ferruginous gold of Bona are 
referred to by Leo Africanus. There was afterwards a period of decadence. Emir 
Abd-el-Kader recognized the importance of the iron-ore industry to Algiers, and 
the ore of Zaccar-Rharbi was there smelted in charcoal blast furnaces. According 
to L. Beck, the natives of Africa, Egypt excepted, extracted iron from its ores 
from a very remote period. The seats of the ancient iron industry are evidenced 
VOL. XII. 2 K 
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by accumulations of slag and debris, and are widely distributed in that continent. 
W. Gowland, and L. Beck believe that the iron at the early period must have 
been indigenous in Africa. R Dart reported some results of excavations in the 
Mumowa caves near Broken Hill, North Rhodesia. The remains of an old smelting 
furnace were taken to indicate that iron was there manufactured 3000 to 4000 
years ago— 2070 B.c. — by a people of palaeolithic culture dwelling in Central 
Africa. T. A. Rickard considered this to be very improba ble, and that the remains 
are really those of foreigners vprsed iD iron-making who established themselves 
for defensive purposes in the caves and made iron weapons for use against the 
natives. 

The idea, advocated by W. E B du Buis, that the discovery of iron originated 
amongst the African negroes, and that the Egyptians acquired the art from their 
Ethiopian neighbours to the south oi from their Libyan neighbours to the west 
of the Nile valley, is not probable, because the available evidence shows that the 
civilizations of Ethiopia and Nubia always lagged behind that of Egypt. 
Herodotus (2. 124) observed that . 

The Ethiopian contingent of Xerxes ami\ ’was armed with long bows, on which they 
placed short arrows made of cane, not tipped with iron, but with stone which was made 
sharp, and ol the kind w ith whir h we engrave seals Besides these they had javelins, tipped 
with antelope's horn that had been made sharp like a lame They alwo had knotted (lulls 

H. Balfour thus summarized ¥ von Luschan's arguments in favour of the 
African negro as the originator of the method foi extracting iron from its ores ■ 

(1) That tlie high antiquity of iron working among Negro and Bantu tnliew is evidenced 
b> its very widespread dispersal among them, and by the great degree oi skill acquired by 
the native smiths. (2) That non ores are \ei\ abundant in Africa, and can be collected 
with ease on oi near the surface (3) That some oi these ores are easily reduribln at a 
relatively low teinpeiature, and can be, in iaet, reduced in an oidin.ii> hie. (4) Ihat m 
Jkaragw^, Koidotan, and U&indja itmv be seen sm )i open fires still used for iron smelting, 
and there aie variations in this simple prnc rclurc whu h suggest stages in the evolution 
trom t)ie open tiro to Iho plowed kiln li non smelting hud lieon introduced to the negio b> 
an exotic people who had alread\ <onsideiftb]\ advanced the industry, these crude and 
seemingly prototypical methods would not have hi*en adopted in the region . and that 
evidence lor the early wtages in the piogie«sion tiom simple to i omplcx should Ik? sought 
for elsewhere, not in savage Africa, where, howevei, they seem to obtrude Iheinselves 

It is quite possible, even probable, that the method of extracting iron from its 
ores was independently discovered in severul diHerent localities sa> , the Caspian 
area, in (’entral Africa, etc - and that the quest for a verv first discoverer is illusive 

Diodorus (3. 13) said that the chisels used in the mining of gold in Nubia for 
the old Egyptian kings were made of Intom idea chalkai —i e. copper or bronze — 
because iron was then unknown. W M. ¥. Tctrie and co-woikers, L. W. King 
and H. R. Hall, and H. R. Hail do not consider it probable that the early Egyptian 
iron was obtained by trade from outside sources t g . the Nubians and negroes — 
although in the opinion of G. A W.nnwnght, the art of working iron entered 
Egypt from Asia, and thence passed by other parts of Africa. 

The use and manulocture of iron m Ainca wcio diMcuswed by B Andrce, B Ankermann, 
(' Arendt, J. Bac khouse, S W. Baker, H Barth, C. V. Bellamy, J T Brent, r J . E. Bowdich, 
A. E. Brehm, K F Bui ton, K Caillit), V. L Camoron, f. B du Chuillu, C. C. von der 
Dec ken, A Delegorgue, l' 1 Dixey, J I*. J)tihne, E. Dulauner, I\ Endemaim, J li. Evanw, 
U. Fntsch, E. de Froberwlle, M. Guillnm, W . von Harmer, M. T. von Heuglin, M. Hoornos, 
J. E Holgato, E Holub, JF. ilupield, T. <) Jlutohinson, M. Kranz, A Lambert, J. T. Last, 
O. Lenz, D Livingstone, F. von Luweban, L Magyar, A. Mansfield, (J 11. Motion, 
A. F Mockler-Ferrymon, G. Molhon, J. M. C. Monteiro, G. Naehtigal, 8. Pasaarge, 
J*. Paulitschke, J. Pethenck, 8 Pinto, P. I’ugge, A. F Pott, A. F. Provost, S. Purchaa, 
A iioffenel, T A Kiekard, G Kolillw, .1 Kuswogger, (' Scholar, O Schrader, O. H- Nehutl, 
G. Scliweinfurth, H. M Stanley, J*. Staudinger, G. Tcssmann, J. Thomson, F. le VailJant, 
T. Waltz, M. Weiss, K Weule, and (\ T. Wilson and K W. Felkin — mdt tnjta, the history 
of the blast furnace. The use of non in Madagascar was discussed by W. Ellis, and 
G. P. Chaplin. 

The cemeteries of Hullstadt, in the Austrian Tyrol, and of La Tone, in Switzerland, 
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have furnished materials which have enabled archa*ologists to trace a gradual 
growth in culture through the bronze age to the iron age over a period from about 
H50 to l n.c\ M. I. Rostovtzeff believed that the iron age in the Caspian area of the 
Near East dates back to 1400 u.e. ; and that the Acha^ans arrived in Greece with 
a well-developed iron industry about 1200 to 1 1 ft() b.c. Hence, inquires H Balfour ; 

Why is it that in the Hallstadt culture of Central Europe, which is generally considered 
to go back to about 850 b.c., there is unmistakable evidence of a gradual transition from 
bronze to iron ? Is the initiation of the iron age in Central Europe independent of its 
inauguration in tho Near East and among the Aoha'ans 9 Or did a rudimentary knowledge 
of the use of iron spread westward without acquaintance with the nnpmved types of 
implements and developed technique which had already been evolved farther to the cast v 
Or does the dating require reconsideration ? 

W. Ridgeway was so impressed with the traces of the old iron industry at 
Hallsfadt that he believed the use of iron as a metal began in Central Europe, 
not in Egypt or, indeed, Africa. According to \ . Gross, iron was smelted near 
Hallstadt, Austria, and in the Bernese Jura from 2000 B.(\ This subject was dis- 
cussed by O. Montelius, O. Schrader, R. Forrer, M Gscll, M. lloeriies, II. Rupe and 
F Muller, O Johannsen, J. Pokorny, J. Hoops, F M Feldhaus. J. Beckmann, 
A. Sc 1ml ten, F Freise,H. Blumner, K Tanzcr, R. Minim, H. J. E. Peake, A Milliner, 
A Quiqucrc 7 , and E. von Sucken. H. Huncuiann analyzed and examined inicio 
seopically samples of iron of the La Tone period, about 500 n c. Noricuin (Noieia) 

- -embracing (\irmthia, and Stvria, Gorz, and Jstiia, in the Austrian Tyiol 
was one of the earliest centres of the iron industry in Europe It is alluded to 
l»v G. Jars, who visited Erzberg m 1758. Bulb Horace, in Ins Kjrnlun (17. 71 ) and 
in his Odfs (1. 1(5), and Ovid, in his Metamorphosis (14. 712), refer to the high 
quality of None iron A. Macro said tho iron in the neighbourhood of Envoi 
Rog, Russia, was used by the ancient Greeks ; and that it in probable that the 
famed Scythian iron came fi mi this neighbourhood. 

According to R. Forrer, and J. Hoops, iron was known in Sweden 800 n.< , 
and, according to O. Montelius, 0. Schrader, J. Hoop'*, J. Hchleinin, and 
\V. Tomuscheh, the iron age began there about 500 u.< . There are numerous 
references to mm weapons and utensils in the sagas of the vikings and gods of 
Scandinavia and Iceland during the period between A.l> 800 and a h 1100 - 
W. von Graveubercli, K. Sinirock, etc*. M. Wahlberg said Unit it is known with 
certainty that iron began to be manufactured m Sweden at least 500 n c . and for 
about 2000 years afterwards malleable iron was produced directly from the me 
chiefly bog iron ore. The vikings were probably able to produce iron objects of 
large size ; thu^. the iron anchor of a Hhip was found in a barrow of Oseberg, Sein, 
and described by G Gustafson. The vikings do not appear to have had control 
of Ihc method of making a thin strip of metal, like a sword, which would retain 
n cutting edge and not bend This remark applies to many of the ancient iron- 
wrorkers in other lands ; so that when the smith did succeed in prt >ducing a satis 
factory weapon the event was celebrated in saga and legend where the fame of a 
sword with its own special name was iecorded. 1). Livingstone and others have 
mentioned the frequency with which the spears of the natives of Africa w r ere bent 
when in use. V. Schmidt discussed the occurrence of prehistoric iron in Denmark 

- for Germany, etc., vide infra , 

The inhabitants of Britain were acquainted with iron at least two centuries 
before our era. According to R. A. Smith : 

Although there are various proof** that iron was produced in Britain coiituuo.s before 
tlie .Homan occupation, no furnace* ot the earliest period have been discolored ; and it jh 
therefore probable that tho ancient Britons employed the bimplo low hearth, resembling 
the Catalan furnace of the .Pyrenees, which has been m use then' from very remote tune* 
to our own day. The source from which Britain derived tho furnace and art of extracting 
iron from its ore seems to have l>oon the Mediterranean region, either the eastern Pyrenees 
or north-west Italy ; but it may also be reasonably held that tho first iron-furnace of the 
Britons W'us derived from that used so successfully in the extraction of tin. It is important 
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to notice that two of the earliest sites of ironworks in Europe are situated in the Upper 
Danubian region, within easy reach of the famous cemetery of Hallatadt. One is in the 
neighbourhood of Hiittenbeig, in the upper basin of tlio Drave, Carinthia ; tho second on 
anothei tributary of the Danube, the Mur in Styrin. 

Julius Oresar, in his De bello gaJlico , mentioned that when he arrived, the Britons 
used brass or iron rings, determined at a certain weight, as money ; and that iron 
was produced in the maritime regions. Currency bars have been found at Maiden- 
head (Berkshire) ; Minety (Wiltshire) ; Wookey Hole, Glastonbury, and Ham 
Hill or Hamdon (Somerset) ; Winchester (Hampshire) ; Meon Hill and Bourton- 
un-the-Water (Gloucestershire) ; Malvern and Littleton (Worcestershire) ; Huns- 
bury (Northamptonshire) ; Ventnor (Isle of Wight) ; Hod Hill and Spettisbury 
(Dorset) ; and Holne Chase (Devonshire). The subject was discussed by 
It. A. Smith, A. Lane-Fox, J. W. Hall, T. 8. Ashton, R. Jenkins, J. H. Evcsy, 
R. Baker, (L W. von Siemens, T. Turner, H. Louis, C. Dawson, J. Lewis, II. Gay- 
thorpe, M. 9: Giuseppi, W. i\ Breach, H. C. Evans, T. Vickers, W. C. Symons, 
and J. Evans? Analyses were reported by B. II. Brough, J Myers, aDd W. Gow- 
land. According to Julius (War, the Britons at the time of the Roman conquest 
were famous for chariots uf war drawn by two horses abreast, with a pole between 
them. The object was to maim the enemy. When a chief died, the chariot and its 
equipment were sometimes buried witli him. Fragments of tho iron Tima of the 
wheels of some of these chariots have been found — c.g. in the East Riding of York- 
shire. The wheels were in some cases 3 ft. in diameter. There is no satisfactory 
evidence of the use of scythed chariots. J. R. Mortimer found numerous relies 
of an early iron age in the burial mounds in the district between York and Brid- 
lington. T. May described an iron-smelting furnace of the Roman period at 
Wilderspool and Stockton Heath, near Warrington. The furnace consisted of a 
wall covered with clay, and there were holes at the base for letting in air and allow- 
ing the metal to run out. For this purpose, also, the furnaces wen* usually placed 
on sloping ground. Rude bellows may have been UHod. C. Wilkins seems to 
consider that South Wales wsh the original home of the iron trade of Britain. In 
Roman times extensive ironworks developed in Gloucestershire. The iron relics 
of early man in Britain found at Wookey Hole, near Wells, Somerset, were described 
by H. E. Balch ; they include brooches, currency bars, a sickle, an ox-shoe, a 
dagger, etc. A. Bullcid and II St. G. Gray described the relics found at works 
at Glastonbury (a.p. 120). Emperor Hadrian established a works at Bath, where 
iron from the Forest of Dean was worked. G. Payne gave an account of the iron 
industry which prevailed in the Weald of Kent in the sixteenth century. There 
were furnaces, forges, or foundries at Cowden, llawkhurst, Lamberhurst, (Van- 
brook, Goudhurst, Doindale, Hormoden, Tonbridge, and Biddendcn. There w’as 
a vapid decline in the seventeenth century, so that in 1790 not one furnace was at 
w f ork in Kent. According to S. H. Hollands, the last ironworks in the Weald of 
Sussex were at Ashbumhain, and they were dismantled in J828. Some of the 
present names of places recall the old industry- r.g. Hammer Ponds. The subject 
was also discussed by M. A. Lower, and E. Straker. In 1073, J. Smith described the 
condition of the iron trade of Sussex at that time, and fears were expressed as to the 
extinction of the forests to supply fuel for the 130 hammers and furnaces then in use. 
F. CartwTight gave an account of the history uf iron in Sussex— vide infra. Excava- 
tions have been made near Richborough Castle, in the vicinity of Sandwich, Kent, 
which was once the site of a Roman naval station known as Rutupiee. Many iron 
relics, including brooches, bungles, rings, nails, and the iron head of an axe, were 
unearthed. Analyses of two iron nails have been made by J. A. N. Friend and 
W. E. Thorncycroft. One nail contained 0-080 per cent, of carbon and 0*046 of 
sulphur, no manganese, and a trace of phosphorus ; another nail had 0-070 per 
cent, of carbon, and no manganese, phosphorus, or sulphur. East Cliff, Folkestone, 
has also been identified as a Roman site, and excavations, described by 8. K. Wi- 
bolt, have revealed a number of iron implements of various kinds. Some of them 
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wcr o described by «T. A. N. Friend and W. E. Thorneycroft. The iron Telica found 
at llriconium, near Wroxetcr, Shropshire, have been described by. ,F. P. Bushe-Fox. 
The ‘Roman iron found at Corat opitum, on the north bank of the River Tyne, 
was described by H. Bell, F. Rnverfield, (I. Turner, R. H. Forster, and 
W. H. Knowles. J. E. Stead gave for the analysis of the bloom : 0-097, C ; 0-046, 
Si ; 0-025, 8 : 0*044, P ; 0-049, Ah ; 0-010, Cu ; 0-040, Mn : and 0-580, cinder. 
II. Louis concluded that the Romans smelted the little balls of iron with charcoal, 
at or near the outcrop of the local oies, and transported the cakes of spongy iron 
so obtained to the town of Corstopitum to he worked up into articles of various 
kinds. W. G. Collingwood and H. S. Cooper described the ancient bloomery at 
f'onihton : and G. T. Lapsley described the account roll of a fifteenth-century 
ironmaster in Weardale- ride infra. Small iron bloomery furnaces were erected at 
Pontypnnl, South Woles, in 1425; and in the sixteenth century the old Sussex 
ironmasters, owing to restrictive measures, migrated to South Wales and estab- 
lished the iron industry there. About 1577 the Lansdown MRS. s ays that 
Richard Hanburv had gott to his liandes ij or nj iron workes there ill Wales, 
whereat be made much merchant iron to greute game " This subject was discussed 
by W. Coxe, W. Llewellyn, and 1). Griffiths. 

According to (i. F. Zinuner, and .1 Lubbock, Amerigo Vespucci, who journeyed 
to America between 1497 anti 1501, and after whom America was named, stnted 
that when he first went to the La Plata region ot Soutli America, he found that 
the Indians made arrow- heads and other implements out of bits of iron derived 
from masse* that had fallen from the sky This is the only reference to iron on ur 
ling in the description bv Amerigo Vespiuci of his four voyages between 1497 and 
1504 : ’ ' 

Tlitur (Indians) arms am bows and arrows, very well mad**, savo that (the arrows) am 
not (lipped) with iron nor any other kind of hard metal, and instead of iron they put 
animals or liHheH tooth or a spike' of tough wood, with Iho point hardened hy tin-. 

K. B. Tylor said that the Mexicans were familiar with iron at the time of the 
Spanish ('on quest, and that they first called their copper and bronze tepuzth : llie 
same word was employed as a general term for metal, ami it was also applied to non. 
J ii order to distinguish the two metals, copper was called red Irpuztli , and iron, 
Mark trpuztli. 

According to F. W. Putnam, the relies of the mound-builders of the Mississippi 
valley include gold, silver, and copper ornaments —beads, buttons, ami bracelets 
made from native metals by hammering ; and meteoric iron was fashioned into 
beads, ndzes, and chisels in the Hame way. The mound in the Turner gtoup of 
Ohio contained a piece of meteoric iron in its natural state and another piece which 
had been flattened by hammering. G. F. Kunz showed that some specimens of 
meteoric iron can be shaped by hammering with stone ; the Otunipa meteorite, 
found in Argentine, has sears indicating where pieces have been detached ; the 
Descubridora meteorite, in Mexico, has a gap in which is wedged a broken copper 
chisel left there by a primitive worker ; and the Oatorzc meteorite, in Mexico, 
likewise had a chisel of native copper wedged in a cavity iu the meteorite. 
W. H. Prescott pointed out that although the nations of Peru were unacquainted 
with iron, they had acquired the art of cutting the hardest substances, like emeralds, 
with tools of stone and copper ; similarly also with the natives of Mexico, who used 
instruments of copper, with an alloy of tin, and a siliceous powder for cutting the 
hardest stones. On the other hand, as pointed out by G. F. Zimmer, H. Ileusoldt 
has Haid : 

When Cortez bad completed the conquest of Mexico the Spaniards, among a greul many 
other peculiar and extraordinary observations which they made in that reiuarkahlo country, 
wen* particularly struck and puzzled by one fact. They noticed that the Aztecs possessed 
certain implements, such as knives, daggers, etc., made of iron, but it seemed that only 
the most distinguished of the natives possessed such, that iron was a great rarity Hint was 
prized higher than gold. At first the Spaniards behoved that the Aztecs extracted the 
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metal in some ciude fashion from its ore, wluch abounds m many parts of the country, but 
the} soon ascertained that this was not the nose The\ found that not a Ningle smelting 
furnace existed in the empire, and their surprise was not small when they learned that the 
Aztecs were totallv unacquainted with any method of extracting the iron from the ore, 
which indeed, they had never suspected of any kinship with the highly valued metal 
The quobtion whence the Aztecs had procured the little iron thev possessed be came a 
perplexing problem to tho Spaniards, which they weie never able to solve Ilia natives 
Ho not seem to haie enlightened them much on tho subject for when asked thev mvstori 
ousl> pointed to the skv, and mdiiated that thev obtained their iron from tho regions 
above Such asscitians, no doubt, the Spaniards received with an incredulous smile, 
and thev concluded that tho Aztecs procured it by way of traffic with some other, perhaps 
more civilized, nation which they suspected to exist and kept looking for north and south 
formoro than a hundre cl ^ ears Tho Aztecs were quite correc t , the non of which thov had 
made their implements was not fashioned from materials of thin terrestrial globe, but had 
come to them from the unknown regions of bpace 'I heir iron was, in fact, of motoonc 
oiigin, like that of the Mavas of \ucatan and the Incas of 1‘om, of which man} weapons 
are still preserved in collections 

The use and manufacture of iron in America befoie the so called discovery 
of that countrv b> Columbus were disc ussed by J de Acosta R Andree A Bastian 
L Beck, A de Heircia H Hoerens, C Hostmann, W H Holmes, F de Magal 
haes (Magellan) H H Manchester, G C Musters J A F le Marquis de N.idaillm 
W H Prescott W Rhaleg T A Rickard, and R Virchow mde infra 

There are bibliographies of the more recent developments of the non and steel 
industries 2 Ureat Britain 3 France 4 Belgium 5 Alsace Lorrai no and Luxtrn 
burg b and Sweden 7 \c cording to L Beck, in J240 Phihppus domus de Floreng* s 
gave to the monks of the Abbey of VillerH Bcttnarh the light to mine non ims 
in his lands and in 1260, Thieiry Lord of Hagingen (Haeges) g.uc to (mint 
Theobald \on Bar the right to mine the iron in his forests of Bne\ In 1323 a 
forge served b> waterpower was erected near Moycuvre In 1490 an ironwoiks 
was erected at Ars on the Moselle, and from these early diitc*^ the evolution of 
the lion mdustn m this region has continued up to the present tun* In Tacitus 
On mama, wntten m the first century of our era, there arc references to the use or 
manufacture of iron in Germany , and, according to 0 Schradu, 8 the Germans 
learned the use of iron in the fourth century b c fiom the Celts The early manu 
facturc of the metal m Germany was described by L Beck, L Linde use h nut, 
M Schulz, I Undset, etc Writings on the subsequent period are veiy nunicious. 
In 1758, J G Lehmann described some iron mines in Prussia and said that in 
abandoned mines the iron ore glows again, so that in a few years new ore appears 
but not of such good quality us the original ore 0 Krasa observed the remains 
of the smelting hearths of old (Yltic ironworks at Rittershausen dating back to 
1000 mc 

In connection with the development of the iron and steel industries m 
Finland, 9 0 Schrader reported that the West Finn** owe their Acquaintance with 
iron to the Germans and the East Finns, to the Iranians The development of 
iron and steel has been studied in connection with othei countries Russia, 10 the 
Balkan States, 11 the old Austria Hungary 12 Switzerland, 11 .Italy, 14 Spain and 
Portugal, 16 Australia, 16 New Zealand, 17 India, 18 Japan, 19 the United States/ 0 
Canada, 21 ( uba, 22 Biazd, 21 and Chili 24 

In olden times iron was symbolized by <$, the Bpear and shield of Mars, the God 
of War, probably in allusion to its use m making weapons of war The term Mai s 
foi iron was in common use amongst the alchemists, and it survives m such terms 
as ( roots martin, employed still m some of the older industries The following is 
K Russell s 25 tianslation fiom the twelfth century work, Summa paf<ctiorm niaqis 
tun , of debar, and it gives some idea of the style of the writings of the period 

But tho lJuluiutam of Mara, and the whole Secret thereof, is from the Work ot Aalto* 
htrauM it ih n MttnUt k Body , very livid, a little rod, partaking of WtutnuM , not pine 
sustaining Ignition, tuHiblc with no right fusion, under the Hammer extensible,, and Bounding 
mu* h Hut Mar 8, ih hard to be handled, by reason ot tho Impotency of its fusion, which 
if it be made to flow bj a Medium changing its Natun , is conjoyned to and Lima, and 
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not separated by Examen, without great Industry , but if prepared, it is con joy tied, and not 
separated by any Artifice , if the Nature of that Fixation be not changed by it, the Unclean* 
neBS only of the Mars being removed : Therefore it is a Tmcturi of Redness easily, but 
difficultly of Whiteness. And when it is conjoyned, it is not altered, nor doth it change the 
('atom of the ('ornmixtion, hut augments it in Quantity. 

E. Wiedemann gave an account of the Arabian writer Din Hudail, who lived 
at the beginning of the eleventh century. The Arabian said that iron exists in two 
modifications male and female. Steel is the male variety, soft iron the female. 
J. de Hammer- Purgstall, and E. Hodigfr wrote on this subject. According to 
J. J. Becher’s tna pnma theory— 1. 1, 15- iron ivas a compound of three primitives, 
so that when iron appears in the ash of certain substances, it was not originally 
present as iron, but the iron has been synthesized, so to speak, by a readjustment 
of the three primitives. E. F. GeoiTroy favoured the same hypothesis, but 
L. Lcniery showed that it is very improbable Then followed the phlogiston hypo- 
thesis, which was discarded W'ith the advent of A L Lavoisier’s Trattf fUmentaue 
de ckimie (Paris, 1789), and iron came to be generally recognized as an elemental 
form of matter. The history of the various forms of iron associated with carbon 
cast iron, steel, etc. is outlined later on. 

,F. K. l'\ Meyer*® reported, in 1780, that crude iron contained a now clement — named 
hythostderum which remained as a residue when the inetal was dissolved in acid 
M H. Klaproth showed that Die alleged element is u < onipounrl of iron and phoBphorus, 
A similar remark applies to the iidtnnn found b\ 'I 1 Bergman m eoJd short iron 
(J (J Bouihor thought that he had discovered a new' element in the duBl of a blast furnace. 
F 0 Ruddock confirmed tins, but C ff Jones showed rhnt# the alleged reactions < orrespond 
with those of molybdenum. J P Prat also reported a new element in pj-ritc, ami lie 
called it lavtLsium, but the report has not l>oen continued. 

General obseivations on or references to the history of iron have been made 
hi numerous special books or memoirs. There arc : 

Sixteenth-century works : (1 Agvirola, De n mctallua, Basilea 1 , 1501 , P Albums, 
Meyssmsthe Btrykt hronua, Uieadon, 134, 590 , V . Bmnguocu), Di la paruto limn, Vbiotis, 
1540 , A. t'sesalpmus, l)t metallic is, Romse, 1590 ; H. FardanuH, Dr Trrum rorutufp, Untile®, 
\551 , Li. Erckcr, Rrsrlimbuny Allrjfurnemist n mini ralist hen Ertzt unnd Btrgku'rn ks 
ArUn m Franckturt a M , 1598 ; (leaner, ])< onim rtrmn fosstliurr gentre, tjtmmis, lapuiibus , 
me talks, Tigun, 1565; J. MathesiUB, Sarepta uitr Bergposttll . Nurnborg, 1504; N. de 
Monardo, Hwtona dt Its plantas t/ut se train : ie las Indian, Snnlla, 1580 , S Munster, 
Cosmographia , Basel, 1514. 

Seventeenth-eentury works : A. A. Barbu, Aiu- de ha M* tales, Madrid, 1640 , 1) Dudley, 
Metallum martin, London, 1065 ; London, 1851 ; T Gurzom, La Piazza universal^ di tutte 
lc profession-* del month), Vcnetia, 98, 1010 ; J. R (llaiilieniB, Opens mincrahs, Nmstelodami, 
29, 1059 ; G. E. LOhneyns, Hera lit rum Btrkwtnk, Zellerfnldt. 1617; S Pure lias. His 
Pilgnmes, London, 1814, 1625; S Sturtevani, Mttalliea , London, 1612. 

Eighteenth- century works : M Bazin, Traitb sur Vacwr d 1 Abate ou I ait de conceitir 
It fer enfonte en acur, Pans, 1737 ; T. Bergman, Dt analyst fern, ITpsalu, 1781 ; W. Blakey, 
Rbflexions en? lea progrbs de la fabriqite de fer it dt Vatttr dans la Grande Bretagru , Londies, 
1783 ; G. L. L. de BufTon, Histoin des mmbraur, Paris, 2. 341, 1783 ; B Caryophihis. Ih 
untiquis awn, argent t, stanni , certs, ftrri , plumbujue fodims, Vienna, 1757 ; (J le Court ivron 
and E. J. Boucher, Art dea forges r t foumeaur a fer , Pans, 1762 , F. B. do Felice, Forges du 
art de fer, Yverdan, 1777 ; J. J". Fcrber, Physikahsth-metallurgischt Abhandlungen uber die 
(Jebtrge und Berwerke in Ungarn, nebat Beachreibung dcs ateinachen Eutenschmthens und 
Rtahlmochens, Berlin, 1780 ; Mtneralogiachc und metollurgtache Bemerkungen in Neuchdtel , 
Berlin, 1789; F. A. C. Gren, Syatemotischea Handbuch der gtsammien Chemu , Hallo, 434, 
1795; P. C. Grignon, Mbmotres de physique eur Vart de fabriqucr h fer, Pans, 1775; 
H. F. J. von Herrmann, CreU's Ann . Beytrage , 5. 274, 373, 1791 ; 6. 3, 1799 ; G. Herwig, 
Brtefc uber die Bergkunde , uber Eistngruben und Rohsthintlzen , Frankfurt a. M. f 1789; 
Vier Abhandlungen uber Oegenstande der Bergbaukunde und Kammcralwissensehaft, Frank- 
furt, 1792; J. von Hofmann, Abhandlung uber die EisenhutUn , Hof, 1783 ; CreU's Ann., 
i. 564. 1785 ; H. Home, Essays concerning Iron and Sttil , London, 1773 ; G. .Tarn, Voyages 
mbtaUurgiques, Lyon, 1774 ; 0. Linnisus, Pluto Svecxcus (MS ), Stockholm, 1731 ; C. A. von 
der Monde, C. L. Berthollet and (3. Monge, Hist. Acad, Paris, 132, 1786; «7. B. G. de 
Morveau, Raipport sur lea rbsultats des experiences de Clouet sur U s d iff brents Rats duftr pour 
la conversion du fer en aeier fondii, Paris, 1898 ; M. Ostmann, I'reWs Ann. Beytrage, 0. 194, 
1799; 0. Polhem (Polhammer), Patnotisches Testament . Stockholm, 1761 ; R A. F. de 
Reaumur, L'art de. convertir le fer forgb en oner, Paris, 1722 ; An Essay on the Mysttry of 
Meet, London, 1771 ; G. Rinman, Acadermsk Af handling om Jemets Tilwarkmngs ; Upsala, 
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1782 ; Crell'a Ann , ii, 469, 1784 ; 8. Rinman, Anledntnget hi Kunakap om den grtifre Jem - 
och Stul-Fdradhnqm oeh dee Forbattrande, Stockholm, 1772 ; Fdrack till Jamets, Htatona, 
med TiUamynirig for Sldgder och Handtu'erk, Stockholm, 1782 ; Berlin, 1785 ; G. F. Rippen- 
trop, CrelVs Ann , n, 411, 506, 1796 , B F Rothoff, Academtak Afhandhng % avenaha Berg a- 
Lagfarcnheten om fdrfattmnger, rdrande fkogamas vhrd och nyttjundr hi bergwerkens tjenat, 
Vpftftla, 1778 ; ( 'nil's Ann., u, 467, 1784 ; I\ Saxholm, De ferro axicecano oamund, UpsaluB, 
1725 ; J. G. Schneider, Analecta ad historxam ref metalluar veterum, Viadrum, 24. 1788 ; 
«T. S. SchrOter, Gt si hu'hte des gedugen Exaens, Halle, 1777 ; J. A. Scopoli, Anleitung zur 
Kcnntniss und Gebnuch der Fosaxhen , Riga, 107, 1769 ; M. Stouth, CrelVs Ann . Beytrage, 
2. i, 339, 1787 , E Swedenboig, Rcgnum aubtciraneum sxvi mxnerale dt ferro , Dresdse, 1734 ; 
J. F. Tttllo and L. E S Gartner, Eiaenhuthn-Magazm, Wemigorode, 1791 ; 0. Tionson 
du Coudray, Nouvelles eiplnencta aur le fer , Faria, 1775 ; J. G Wall onus, Elemmta metal - 
lurgice ajyecxatnn chemiccc, Holmise, 1768. 

Nineteenth -century works : W de St. Ange, M&allurgie jyratiqm du /pi. Furls, 1838 ; 
A. Armengaud, MHaUuigie du ftr, Faria, 1882; M. Ataberg, Du Anfange der Lisecmtui, 
Berlin, 1885; berg Hutt Ztq , 45. 350, 1886; Zeit. Ver deut. Jng , 80. 1090, 1886; 
W. Baer, Der Etaen , Leipzig, 1862 ; H Bauermann, A Treatise on the Mttallurqy of Iron, 
London, 1868; L Beck, Arch. Anthropologic, 12. 293, 1880; Ann . IVr Nassau Alter - 
thumskundt , 14. 317, 1877 ; Du Gear hi chit dta Exam a in teihmachr und kuUurgeaehthchr 
Bczichung , Braunschw cig, 1884-1903; T Jtaekert, Leitfoden zur Examhuttenkundi , 
Berlin, 1885 ; T. L Bell, Joiim Iron Sttel Inat , 88. n, 406, 1890 ; Pnntxplea of the Manu- 
facture of Iron and Stul , London, 1884; R. Bcrguu, Du Schmiedekunat , Berlin, 1887; 
P. Berthier, Traitf de» isents par la vou akche , Faria, 1834 , J. G L. Blumhof, FriAtif/i 
aner Enziclopadxe der Exsi nhuttenkundt, Giessen, 1821 ; Vollstandigt ayatimaha* h Litnutui 
i wm Exam , Braunschweig, 1803 , W. Boeheun, Handbuch dtr \\ affmkundt , Leipzig, 
1890 ; H. Bnigsch, Bcrhntr Voaaxsehc Ztg , 184, 1894 ; IT. A Uuock, iS tahl Etaen, 3. 455, 
1883 ; A. de Candolle, Hiatoxre des Srxencts, Geneve, 1875 ; S H Daddovv and B Hannan, 
Coal , Iron and Oxl , Fottsville, 1866; S. U V. l)a>, Excerpta relating to Iron , London, 
1873 ; On the preaent State of some Branch* a of Iron Metallurgy , Glasgow, 1868 ; E. F Dime, 
Die Anlange und der Betrteb der EtaenhnUev , Leipzig, 1882 ; Vtbtr die ( onatitutwn dta 
Roheiaena, Leipzig, 1868; T Dunlop, American Don hade Manual of th* leading I ton 
Industrusof th Undid Stall a, New Yoik, 1874 ; AN Fan ban n, Jron da Htatory, 1 roputua, 
and Processes of Manufacture, Edinburgh, 1861 , M Faug£, MHallurgu du f*r ft d* Vanir , 
Fans, 1896; L Ferosson, La question du ftr , Fans, 1918; E Flaehat, A Banault and 
J. Fetiet, Traitt di la fabruaUon du fir. Fans, 184b ; NV Foidvce, A Hxstuiy of ( oal and 
Iron , London, I860; A. Frantz, Bug Unit Ztq , 41. 177, 197,‘ 257, 377, 467, 557, 1882; 
L. Gages, Mitallurgu du ftr , Fans, 180h ; J S Gaidnci, Ironwork from tht Eat lie at Ttm-ts 
to the End of the Medieval Period , London, 1892 ; A. Gillon, Ann Gnu' Belz , 10. 763, 
1851 ; Dea direr a procedh de fabrication du ftr , Bruxelles, 1853 ; E Glinzci, Das Risen, 
aetne Gewxnnung und Verwendumg, Hamburg, 1876; W. JH. Greenwood, Sttel and Iron, 
London, 1884 ; A Gurlt, Die Btrghaxi - und IJuttenkundt , Essen, 1877 , C F. A Hartmann, 
Der wohlvnlernchtite Htchoftn und Hamm ermixater , Wenner, 1852 ; T. L Haase, Urundbnun 
zur Exaenhuttinkunde , l^eipzig, 1801 ; 1 H Hassenfratz, La axdiroteLhnxe, Fans, 1812 , 
J. F. L. llausmann, Jahrb. Berg Hull , 4. 141, 1821 , C‘ Helson, La axdtrurgxe en Frame 
et a VHrangir , Fans, 1894; A H. Hioms, Iron and Stul Manufuctuu, London, 1889; 

E. Japing, Die Daratellung dea Exams, xtnd dtr Emnfabnkate, Wien, 1881 ; J. S. Jeans, 
Steil . i ta History, Manufaditre , Propertua and Usta, London, 1880, S Jordan, Album 
to th Course of Lecturis on Metallurgy at tht ( rrUral Srhool of Arts, London, 1878 ; }Ui\ 
t*mi\ Mines, (5), 2. 257, 1867 ; (5), 3. i, 485, 1867 ; t F Johnson, 1 he Iron and Steel Main, 
London, 1892; C. E. Julhen, Tiaite thioriqut et jrrafxqm de la mttalluryu du ftr, Fans, 
1861 ; K. Knnnaisch, Qenchichle da Tuhnologu sextder Mxttedu achtzihnten Jahrhunderts, 
Munchen, 1872; C J. B Kars ten, Handbuch dir Eiacnhuttmkunde, Halle, 1841 , 15 Kerl. 
Grundnaa dir Exsinhuttinkunde, Leipzig, 1875 ; (Jrxmdrxas der Euunproburkunat , Leipzig, 
1075 ; A. von Kernel y, Exam und Stahl auf dir W eUausahllung x m Jdhre 1878, Leipzig, 
1878; F. Kohn, Iron and Steel Manufacture , London, 1869; 11 Kopp, Geschtchte du 
C hemxe , Braunathwcig, 4. 137, 1847 ; W . A. Lampadma, Dxc n,tutm FortarhntU i m Gebiett 
der gesammtrn Hidtmkxmdc , Freiberg, 1839; Handbuch der allgemctnen Huttenkunde, 
Gottingen, 1801-1810; H Landnn, Manuel complet du inaxtri de forges , Pans, 1829; 

F. Laur, Lta mines et uamta ri I'expoaxhon international* de Bruxelles , Fans, 1897 ; Lea 
mvnia et uaxnta uu XXi aiicle. Fans, 1900 ; R. Ledebur, Handbuih der Eiamhuttenkunde, 
Leipzig, 1884 , Stahl Eistn, 12. 741, 1892 , 13. 427, 1893 ; 14. 283, 1894, 15. 77, 856, 
1895 ; 16. 857, 1896 ; 17. 802, 1897 ; 19. 28, 757, 1890 ; 23. 528, 1903 ; Die Metalle , i hrt 
Gi innnung und ihrt Vtrmbufung, Stuttgart, 1887 ; J 1*. Lesley, The Iron Manufacturer's 
Guide to th Fhrnaua, Forges , and Bolting Mills of the Vnitid States, New York, 1859; 
F. Ligei, La frrromu ru anrunni it modem t, Fans, 1875 ; J. C. de Munson, Traiti du fit 
it de lauir , htiusbnurp, 1804 ; F. A von Maicher, Biytragi zur Eieenhuitmkundt , Klagen- 
turt, 1812, (j Molntcns, Eistn und btsinkonstrukt umcn , Berlin, 1887, Stahl Liam, 7. 
375, 440, 527, 608. (>78, 754, 1887 ; J) ^lusJyet, Fupna on lion and Stiel, Puutuaf and 
EjLpmmtntai. London, 1840, W. NecdJuun, On th* Manuja*tun of Iron , l^ondon. 1831 ; 
IT S Osborne, J be Metallinyy of lion and Stul, 7 hioritical and Pincticul, Fliiladelplua, 
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1869; .T Oser, Verh. Verbreit. Natuiw Kenntmsst, 21. 191, 1881), F. Ovotman, The 
Manufacture of If on in all its Branches , Philadelphia, I860, J Percy, Metallurgy- Tran and 
Steel, London, 1804 , F le Play, Mimotrt sur la fabrication et le commerce dee jers d 
aeurs dans le nord de VEurope, Paris, 1840 , E liohng, Ihbemuhme und Lieferung von 
Eisenmaterialten , Leipzig, 1877 , 8 B Rogers, An Elementary Treatise on Iran Metallurgy 
up to the Manufacture of Riddled Bara, London, 1858 ; T Scheeien, Lchrbuch der Metallurgies 
Braunschweig, 1863 , A. Schlink, Gone inf asshche Darstellung dee Eisenhuttenwesens, 
Dunseldorf, 1896; A Srhonmetzler, Katechismus der EisenhiUU nit unde, Wien, 1887; 
A Schott, Stahl Exsen, 8. 141, 1888 ; E. Schott, ExsenhiUtenproducti, Exsen und Stahlarbeiten 
bet dir Wiener Austellung , Leipzig, 1873 ; E Nchweickhardt, Das Exsen in histonscher und 
national-okonomischei Biziehunq , Tubingen, 1841, H Scnvenor, A Comprehensive History 
of tin Iron 7 radc throughout the H arid from the Earliest Records to the Present Period , London, 
1841 , C W von Siemens, Die Exscn und Stahlmdustne, Berlin, 1878, H J Skelton, 
Etonomxes of Iron and Steel, London, 1891 , li Solly, Extracts on the Manufacture of Iron , 
Leedff, 1862 , K Styflo, Benefit uber die ntutshn Foitschrittc in Exsenhuttenwt stn, Leipzig, 
1808 , J M. Swank, History of the Manufaitxue of Iron in all Aqrs, Philadelphia. 1884 and 
1S92, W A r Jiemann, Systcmatische KismliutUnkundc, Numborg, 1801, F Toldt, Die 
( hemu d* s List ns, l^eoben, 1898, W Truran, 7 hf Iron Manufacture of Great Britain , 
London, 1865 P Tuniicr, Berg llutt Jafnb Leoben, 6. 250, 1867, T Turner, 7 hi 
Mttalhnqy of Iron and Sttd, London, 1895, [7 ht Metallurgy of Iron , London, 1908,1 
r l l mbit, Das trstt Auftretm tits T isens in A end Exiropa , Hamburg, 1882 , B Valerius, 
7 i ait t thfonqut it pratigm dt la fabi nation du fir, Bruxellts, 1843 , Pans, 1875 , A M H de 
Vilhfnssc J)t lu titht sttt tntnnah, Pans, 1819 , K V ollhann, Bti/tragi zvr ru turem Gtsthnhtr 
dm I unihuttenuH sens, Leipzig, 3 825 , ,7 ,7 F Warlilcr, Grundnss du EiscnhxUttnkunde, 
lliiliii, 1800 , 'I Webster, 7 In < ate of Join ah Mumhall Htath, tht fnvtntoi and Introdufei 
of If tiding < net Iron from Butish Iron , London, i860, 1< Wust, Die K isenhutUnkundi , 
Bulin 1800, 11 Wedding, Verh Brfvid Gcu ubflt isses, 58. 191, 1879; Grundnss dtr 
h ih nhuttt nk midt , Berlin, 1871 , 1/artdbmh dtr humhulUnkunde, Biaunsoliwcig, 1891 , 
Das J iscnhidti numnt t rluutert tn adit T oitruqts, Leipzig, 1900, Stahl Kuan, 13. 230, 
1891 W JV1 Williams, Iron and Sti < l Manufatture, London, 1870 . Tin ( fumistn/ of Iron 
and Stnl Mai tnq and of thnr Pratiual is *, Loin Ion, 1890, 1 X M Zippe, Gischnhtf 
dn M talli , Wnn, 1857, } /oppetti, lhstqm dt Form Man him id Apparccchi pei la 
Sidnuiqta, Mduiio 1874 , Ars Sail rurgia, Milano, 1883 

Twentieth century works : r S Hilton, Iron and Stul in tht Industrial linoluitons, 
MfLiwlesUi 1921 1) Biu.dc ki r, Afficd hrupp und du EnluicUung der Gussstahlfabnk 

+u J ss n Eshon 1912, C) Btthstem, Iromtihuu, 29. 205 215, 1918, L Berk, hi 
Htnlft ukon du qi i manistun tun Altcrtmnskund * Stuttgail, 1. 549, 1913, Stahl Etsnt, 25. 
917, 1905, \\ Beick Zut Ethnoluqu , 42. 15, 1010, V/rm Coal Trades Rtv , 88 38S, 
1911 M W \on Berm wit/ 7i/«s/ Furnau Mul plant, 19. 1219, 1931, K Brisket, 
Utnqlu s do urn , 317. 217, 1930 , B H though, do uni . lion Stul Inst , 69. i, 233, 1900 ; 
1) Ihovvnlie, Jomn J urn Stul I mt , 121.1, 155 1930, A Biui mng, Die Sihmndi hmst 
st tt d tin I ndt du Jitnaissanct , Jxip/ig, J902, J (4 Butler, fifty \ cars of lion and Stul, 
(Oeveland, 1920 , 11 J1 t umphi J) J he Munufaiture and Propuhes of Iron and Stul , New 
Voik, 1903, F M Feldhaus. Dn Ttthntk der Vorzeit der qesdtuhtluhni Zed undt dn 
NiUmvolkn, Ltip/ig, 1914, Buhnnsbhuttr du 'luhntk, Leipzig, 1920, KuUurgauhahte du 
7 uhnik, Berlin, 1928 , 3 1 iltilrla El Min Mtjcitano, 44. 148, 1904 . W Toy, Ethiwlogita, 
1. 185, 1909, JAN Friend, Joum Don Stul Inst (i nneqie Mem , 12. 2J9, 1923, 

Foundry 7 indt daunt , 20. 169, 182, 193, 210, 1922, Iron in Antiquity, London. 1920, 

J S Liaidnoi, English honuork of the Scvtntunth and Etqhtunth < uiturus, London, 1930 ; 
T Geilenkun lien, Grundzuge der Eiunludti nu (un*, Beilin, 1911 , fe L CSoodale, ( hronedogy 
Iron and Stfd, ihttsbuig, 1920, CJuillet, Gmu < nil , 82 64, 1923, B A Hadlield, 
Metallurgy and its Infiuntu on Modem Proqriss. London, 1925 , Enqg , 99, 195, 1915, 

Enq r 117. 715, 1914, Iron tool 1 iadis lin , 88. 909, 944, 987, 1914, A Hasslachm, 

Das Jndustiugibitt an du Saar und snm haujitsathhchstni Industmzu'ugi, Saarbrueken, 
1912, J A Hod vail, Sicnska Knn Tids , 30. 183, 200, 222, 1018 , A H Hioms, Iron and 
Steel, London, 1903 , M Hoeines, Du Mttallt, Wan, 1909 , Hrallu ikon dtr grrmanistischen 
Altcrtnmskunde , 1. 549, 1913 , W Boom h, Stahl List a, 26. 1250, 1900, 13 3 Hohnyaid, 
Natun , 117. 155, 1926, L von Ho\ei, Zut 1 u bunds dt ut Dipl Inq , 3. 130, 168, 1912, 
R W. Hunt, A History of the Btssunn Manufmtuie in Amuua ('hicago, 1920, 
O JohannBen, Gtethuhie dis Eistns , Dusseldorf, 1925, A 1' Johnwm, hon ( oal 7 iadts 
Riv, 96 287,1918; II von Juptnei, Das Eist nhutUnwtst n, l^»ip/ig, 1912 , W T< Klinkirlit, 
Eorg Stamp Heat Treating, 11. 8, 1925 , (J von Kowulczik, Das Euunutrk, Beilin, 1927 ; 
J* Tt Kuchmich, Foundry 7 tadt Joum , 41 185, 1929 , B de Lmeloje, Journ Don Stul 
Inst, 121. i, 465, 1930, E Leber, Stahl lit tst ti, 35. 234, 1915, A voii Stliweigei- 
Lorchenfeld, hn Btiche dei Zyl lopen. Wit n, 1900, E 1 j« wis, damn Australia Inst Eng, 
1. 125, 183, 227, 1929, F O von Lippiuann. Entdehung mid 4 nsbndung du 4 Uhume, 
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§ 2. The Occurrence of Iron 

Gold is for the mistress, silver for the maid. 

Copper for the craftsman, cunning at his trade. 

” Good,” said the Baron, sitting in his hall, 

“ But iron — cold iron — is master of them all.”- - Old Talk. 

Metallic iron occurs free in nature, but it is comparatively rare. This might 
be anticipated on account of the readiness with which the metal is oxidized in 
moist air. Combined iron is exceedingly common, occurring .as it does in hundreds 
of minerals — oxides, hydrated oxides, carbonates, silicates, sulphides, etc. It occurs 
frequently in smaller proportions in various rocks, particularly those containing 
amphiboles, pyroxenes, micas, and olivine. It is so common, indeed, that an 
extraordinary number of rocks and minerals owe their tints — particularly when 
fired — to the presence of a small proportion of admixed iron compounds, and that 
R. J. Haiiy 1 could say with truth that when Nature takes up her brush, iron oxide 
is almost always on her palette. W. Spring discussed the coloration of soils by 
ferruginous matter — vide infra, ferric oxide. C. M. Smyth discussed the abstraction 
of oxygen from the air by the iron in the earth's crust. 

According to G. Tammann, the results of scismographic observations agree 
with the assumption that the earth's emst can be roughly divided into three layers, 
or rather, a core and two shells, namely : 

Thick new 

(Kilometres) Density Composition 

0 to 1500 2 9 (Al a O,,Fe 1 O s ,FeO,CaO,MgO l 

K l O,Na 2 0).l 5SiO, 

. 1500 to 2900 fl-6 FeS,Fe a P,FeO,Fe,SiO f 

. 2000 to 6370 9-6 Fe, 88 ; Mi, 8 ; (Ye : SP), 3 , 

rare metals, 1 per cent. 

According to F. W. Clarke, in the outer crust, iron ranks fourth in the list of 


Silicate layers 

Sulphide layer 
Metal core . 
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elements arranged in the order of their relative abundance in the earth's lithosphere. 
The order is : oxygen, 46*46 per cent. ; silicon, 27-61 per cent, ; aluminium, 8-07 
per cent. ; iron, 5*06 per cent. ; and calcium, 3-64 per cent. ; or, taking the average 
of the hydrosphere and lithosphere, 0, 49-20; Si, 25-67 ; Al, 7-50; Fe, 4*71 ; 
and Ca, 3*39. Consequently, iron is outranked only by oxygen, silicon, ahd 
aluminium, and is closely followed by calcium — r/. Table 1. For the average 
composition of the igneous rockB F. W. Clarke and H. S. Washington gave 0, 
46*59 ; Si, 27*72 ; Al, 8*13 ; Fe, 5-01 ; and Oa, 3*63 ; whilst «J. H. L. Vogt gave 
0, 47*2 ; Si, 28*0 ; Al, 8-00 ; Fe, 4-5 ; and Ca, 3*5 ; and W. Vernadsky, 0, 49*7 ; 
Si, 26-0 ; Al, 7*45 ; Fe, 4-2 ; and Ca, 3-25. It is further supposed, from the density 
of the earth, that iron is much more abundant towards the centre of the globe, 
and that if estimates could be made for the whole earth, iron would occupy a more 
prominent position in the list. According to A. E. Fern man, taking the atomic 
proportions, the order is 0, 53-81 ; H, 17*18; Si, 15*85 ; Al, 4-76 ; Na, 1-80; Mg, 
1-67; Ca, 1-44; Fe, 1-30; and K, 1-04 per cent. W. Lindgrcn estimated the 
relative natural abundance of some commercial metals, with gold unity, to be : 


Al 

Fe Mn 

N1 C*u 

Zn 

l'li Ag 

J 5,680,000 

8,800,000 10,000 

46,000 15,000 

8,000 4,000 20 

Considering 

the oxidized elements, 

F. W. Clarke gave for the percentage com- 

position of Ihe lithophere : 





Igneous . 

rocks " ,iaJt 

Sandstone 

Luni-htoiie 

V eight t il 
Average 

HiOj 

. 59-14 58-10 

78 33 

51 9 

59-08 

-\i,o 3 

15-34 15-40 

4-77 

0*81 

15 23 

Fe.O, 

308 402 

1-07 

0 54 

310 

FoO 

3-80 2-45 

0-30 

- - 

3*72 

(JaO 

5-08 3-11 

1-lti 

42 57 

5-10 

MkO 

3-49 2*44 

6*50 

7-89 

6-10 

Na,0 

3-84 1*30 

0-45 

0-05 

3-71 

W. and 1. Noddack and 0. Berg gave for the absolute abundance of the elements 

in the earths crust: Fe, 4*7 ^lO -2 ; Co, 1*8x10 

; Ni, 1-8x10 

" ; and Cu, 

1-0 > lo-^. 

A. von Antropoll estimated the atomic percentage to be 



Stellar 

Earth's 

Whole 

Silicate 


atmospheres 

enmt 

earth 

met coritCB 

Si 

. 5-7 

10*20 

9-58 

11-2 

Na 

. 5-7 

2-02 

0-97 

0-6 

Al 

3-6 

4*95 

2 66 

1-1 

Ko 

. 2-6 

1-48 

40*37 

5*92 

Mn 

. 036 

0-035 

0-06 



The subject was also discussed by V. M. Goldschmidt, E. Herlinger, 0. Hahn, 
J. July, L. de Launay, F. W. Clarke, H. S. Washington, G. Berg, R. A. Sonder, 
R. Wildt, and P. Niggli. 

The relative distributions of ferric and ferrous oxides in British and American 
igneouR rocks are, according to A. Harker : 

i'VjjOj FoO 

British igneous rocks 5-34 2-40 

American igneous rocks .2 65 3*35 

Iron occurs native as a terrestrial mineral, but it is so scarce and unimportant 
that it is regarded as a mineralogical curiosity. Minute grains of native iron occur 
in many eruptive rocks — particularly basalts. They were first demonstrated by 
T. Andrews 2 in the basalt of Antrim, Ireland. The iron gave a precipitate of copper 
when placed in a soln. of copper sulphate ; and A. von Lasaulx found that the 
particles of iron also reduce a soln. of cadmium boro tungstate, producing violet- 
blue patches in the liquid. Several of the specimens of meteoric iron which 
have been discovered may be really of terrestrial origin. G. F. Zimmer has 
discussed the reports of S. Hearne, J. Ross, R. E, Peary, J. S. Steenstrup, 
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D. C. Clavering, and I. I. Hayes on the meteoric origin of the iron employed 
by the Eskimos for making arrow-heads, spear-heads, knives, etc. In 1870, 
A* E. Nordenskjold discovered a remarkable deposit of iron at Ovilak, Disco 
Island, Greenland. In some cases masses of iron up to 20 tons in weight have 
weathered out like boulders from the basalt, and lenticulai and disc-like pieces of 
metal, still uncorroded, were embedded in the mass. The iron was at first thought 
to be meteoric, but the evidence points the other way. The iron phosphide, schrei- 
bersite, common to many meteorites, is absent; J. S. Stecnstrup showed that 
native iron is abundantly disseminated through the basalt of that region ; 
A. Daubrce obtained pellets of iron by fusing a native chrome spinel with 
carbon, and he showed that beds of lignite occur on the island, and graphite is 
associated with native iron ; while II Moissan observed that the iron contained 
granules of graphite, and amorphous carbon. All this favours the view that the 
iron has been reduced by carbonaceous matters on its way up from below. On 
the other hand, the iron is not always found in basalts or pcrulotites penetrating 
carbonaceous strata. E. B. dc Chancourtoia may be right m assuming that the iron 
has come up from great depths to teach us that the earth’s interior is rich in uncom- 
bined metals. The suggestion of 0. Winkler, and E Wemschenk that the iron and 
nickel have been brought up from below as carbonyls is not so probable, because 
these gases are so unstable at elevated temps. ; and C. Winkler observed no evidence 
of occluded carbon monoxide. The Disco Island occurrences have also been discussed 
by G. Tschermak, T. Nieolau, A. Schwantke, R. Nauckhoff, W. Wahl, 0. Benedicks, 
J. L. Smith, S. Meunier, A. G. Nathorst, and A. E. Tornebohm. (‘. Winkler gave 
an analysis of a weathered sample ; and analyses reported by G. Forchhammei , 
J. Lorenzen, F. Wohler, A. Daubree, N. Wyssotzky, E. T. Allen, W, ,7. Taylor, 
W. H. Melville, E. Cohen, J. S. Steenstrup, J. W. Mallet, G S. Jamieson, 
G. C. Hoffmann, R. A. A. Johnston, A. Damour, W. Skey, A. A. lno.stzanzeff, 
A. E. Kupifer, W. Inner, J. G. Neumann, and J. L. Smith show the presence of up 
to 95*15 per cent. Fe ; up to 2-55 per cent. Ni ; up to 0*93 per cent. Co , up to 
0*48 per cent. Cu ; up to 3-72 per cent. S ; up to 3*11 per cent. C ; and up to 4-18 
per cent. Si0 2 . J. D. Dana reported : 

Fo NI Co Cu p s ci 

94 71 2 26 0-63 0*24 1-82 0*29 0-00 per cent. 

Native iron may also be of secondary origin. There are several reports where 
the iron has been reduced from its combinations. Thus, J. B. Tyrrell 3 observed 
masses of iron 15 to 20 lbs. in weight which have been formed during the burning 
of beds of lignite in contact with ironstone The subject was disrussed by 
A. Schwantke, P. Jeremejefl, J. Hector, G. vom Rath, G. H. F. Ulrich, J. von 
Szabo, W. II. Melville, G. C. Hoffmann, A. dc Lapparent, J. G. Borncmann, 
T. G. Bonney and E. Aston. E. T. Allen found iron in borings in sedimentary 
rocks in Missouri near beds of coal ; A. E. Kupffer found iron under peat, and it 
had been formed by the reduction of bog iron ore. A. A. Inostzanzef! cited a case 
of naturally-reduced iron near Vladivostok ; M. Sidorenko, one at Gruschewka, 
Russia ; G. C. Hoffmann, one at St. Joseph Island, Lake Huron ; and E. Priwosnik, 
one at Shotley Bridge, England. The Hubject was discussed by J. F. L. Hausmann, 
F. M. Stapff, G. A. Kenngott, O. Vogel, and A. Reuss. J. F, Bahr found iron 
mixed with limonitc and organic matter in petrified wood. The iron was called 
sideroferrite, and was supposed to have been produced by the decomposition of 
some salt of iron by the organic matter of wood. 

There are reports of some specimens of native iron which may be really meteoric, 
and of meteoric iron which may be terrestrial. E. Hussak 4 found particles of 
native iron in an auriferous gravel in Brazil ; A. Daubrce and S. Meunier, in the 
gold washings at Berezovsk, Urals ; and W. Skey, in the drift of the Gorge River, 
New Zealand. In addition to the cases mentioned above, native iron has been 
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reported to occur in basalts, trap rocks, dolcrites, magnetites, etc., of Great Britain. 0 
France, 0 Italy, 7 Sweden, 8 Spain, 0 Germany, 10 Russia, 11 Africa, 12 Japan, 33 
Canada, 14 United States, 15 Mexico, 10 Greenland 17 — vide supro -Brazil, ,K 
Australia, 10 and New Zealand. 20 The structure of native iron was discussed by 
0. Benedicks, 21 A. Schwantke, H. Fleissner, W. Eitel, W. Inner, F. Hornstein, 
and K. Oebbcke and M. Schwarz. 

Iron occurs also as an extra-terrestrial element. The spectra of the sun, and 
some of the hottest stars were Rhown by J. von Fraunhofer, 22 G. Kirchoff, 

J. N. Lockyer, C. E. Moore and H. N. Russell, 0. Young, H. N. Russell, H. von 
Kluber, A. Secchi, H. A. Vogel, G. Rayet, J. N. Lockyer and F. E. Baxandall. 
A. Cornu, J. Parry, 1\ W. Merrill, E. M. Lindsay, 0. G. Abbot. H. A. Rowland, 

H. Albrecht, C. E. St. John, M. N. Saha, S. A. Mitchell, H. M. Vernon, IL Des- 
landres, R. Furnhjelm, H, Ludendorff, J. Wilsing, II. Ebert, F. J. M. Stratton 
G. E. Hale, G. E. Hale and co-workcrs, C. Fabry and H. Buisson, V. II Pavne, 

0. II. Payne aiul (\ 1 J . Chase, T. Dunham, J. Stcbbins, W. S. Adams, W. C. Rufus, 
C. D. Shane, J. Storey, W. H. Wright, G. F. Paddock, E. P. Wuterman, A. de 
Granjont, J. Hartmann, and F. MeClean to indicate the presence of this element 
is those remote regions. H. von Kluber discussed the occurrence of lines of iron 
in the spectrum of the solar protuberances; E. A Fath, of spirul nebula 1 ; and 
F. S. Hogg, and II. von Kluber, of comets; F. E Wright, and B. Lvot found 
no evidence of the effects of iron in polarized light of llm moon , but S Molio- 
rovicic included iron amongst the lunar elements. Meteorites are usually highly 
ferruginous, and contain metallic iron meteoric iron. 

Iron occurs in the metallic state in most meteorites ; it may form the entire 
mass ; or it may occur as a spongy, cellular matrix with imbedded grains of silicates ; 
or in grains or scales disseminated in a stony matrix. A. Daubree 23 applied 
the term siderites or holosiderites to meteorites of iron. These meteorites consist of 
iron alone or of iron associated with occasional veins of tToilitc, graphite or diamond, 
sebreibersite, daubreelite, or lawrencitc. When the Widmanstatten structure is 
absent, A. Brezina called them ataxites. The meteorites with a more or less spongy 
mass or network of iron, with embedded grains of chrysolite or other silicates, were 
called siderolites or syssideroliies. A. Brezina applied the term siderolithites to 
those with the iron network, and lie considered two varieties — mcaosidente and 
grahamite ; and he applied the term lithosidentcs to those consisting almost wholly 
of niekel-iron, which he subdivided into siderophyrs and pallasites. A. Daubree 
called the stony meteorites sporadosiderites, where the iron is more or less dis- 
seminated through the stony mass, and according to the relative abundance of 
the disseminated iron the sporadosiderites were called polysiderites, or oligosider- 
ites, or cryptosiderites ; and if no iron was present, asiderites. G. Rose called 
the stony meteorites with rounded spherical grains of enstatite nr chrysolite, 
chondrulea -^oVSpoy, a spherule— and when the structure is more or less radiating, 
chondrites ; and when free or almost free from iron, they wore called achondrites, 

N. 8. Maskelyne used the term sidcrite for meteoric iron, siderohle for lithosiderite 
and siderolitc, and aerolites for chondnteH and achondrites — the term “ siderite 
is in regular use for native ferrous carbonate. The subject has been discussed 
by (1 von Rcichonbach, G. F. Zimmer, G. Tscherroak, M. E. Wadrworth, and 

O. IJ. Shephard, as well as in numerous monographs, catalogues of museum 
collections, etc. 

K. Coli«n, Meteor itnikunde , Stuttgart, 1894 190G ; S. Meumer, Jah mHiorites, Paris, 
1884; O. Buchner, Die Meteonten in Sammlungen \ hre Ocschichtt , mmtralogische und 
chemische Beschaffenhcit, Leipzig, 1863 ; L. Pie teller, Introduction to the Study of Meteorites, 
London, 1888 ; O. C. Farrington, Handbook and Catalogue of the Meteorite Collection , Chicago, 
1903 ; Meteorites : their Structure , Composition , and Terrestrial Relations, Chicago, 1916 ; 
ti. Tsohermak, Die Meteonten des kaieerl ichkoniglichcn mineralogtschen Museums, Wien, 
1872 ; A. Daubree, Les m&ttorites et la constitution du globe terrestre, Paris, 1880 ; Experience 
synthitigue relative aux nrfttorites, Paris, 1866; W. Flight, A Chapter in the History of 
Meteorites, London, 1887 ; E. A. Wtilfling, Die Meteonten in Sammlungen und ihre Litteratur 
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nthat emeni Vnaueh, dm Tauschwert der Meteonten tu bcatimmen, Tiibingen, 1897 , Q. vom 
Hath, Die Aletronten des naturhiatonachen Museum* der Umvtrsitdi Bonn , Bonn, 1876; 
Jy Vrba, Me ttortfvneammlung des Museums des Konigretths Bohinen in Prog, Flag, 191)4 , 
A Brczina, Mete articnstud ten, Bonn, 1881 . F Berwerth, Tsehtrmak * Mitt , (2), 22. 189, 
1904 , Vtrzeithni* der MeteorUen in kaistrheh und kOmghch naturhistorischen Hof museums, 
Wien, 1903 , W Bruhnu, 1 erzeuhms der Meteonten des mineialogisthin urui peltologtschen 
Institute i on htrassburg, Strassburg, 1903, V W Clarke, The Meteorite ( ollee turn in the 
U & National Museum , Washington, 1889 , A del Castillo, (’dialogue descriptive des 
metiontes du Mextque, Fans, 1889 , M F Fouqu6 and M L^vy, Exptriences syrUMtxquee 
lelalne a la reproduction artificielL de mitiontes , Fans, 1881 , C F Harris, Chemical 
( (institution and ( hronoloe/xcal Arrangement of Meteorites, Gottingen, 1859 , H, Laspeyres, 
Die Meteontensammlung dn Unucrsitat Bonn , Bonn, 1895, C F Kammolsborg, Urber 
die Mclconttn und xhrt Bezuhung zui hide, Berlin, 1872 , A Furgold, I)u Meteonten des 
rnmcraloqischcn Museums in Dresden, Dresden, 1882 , G Rohp, hyhUmat'isi ht Einthcilnng 
der AltUonUn , Beilin 1805, H A Ward, ( tmi List of all knoum AleteorUcs, Chicago, 
1897 , Catalogue of the \\ ard ( oonhy ( olleitwn of MtUunn*, Chicago, 1904, U Klein, 
Meteontensammlung dei kontejluhcn Fnedneh 11 ilhelm Vnucrsdnt zu Berlin, Berlin, 1904, 
C \on Schreiber, Beytrage zur (Jeschichtc und A enn/tuss mettonsrhn Mint und Mitallmassen 
und det Erschcinungen, uehhe dertn Nicderfallen zu begleUen pflegen, Wien, 1820 , E. King, 
Remarks e onctmtng htones said to hate Fallen from the ( lauds , London, 1700 , G Dcwalque, 
Ann. hoc Glol Beig , 82. 15, 1905 

There are references in the Bible to falls of meteorites — eq Joshua (10. 11), 
Psalms (18. 13), Acts (19. 35)— and in several of the ancient Greek and Latin writers 
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— eq Pliny, Hwlvria naturahs (2 58, and 87 51, 52, 61). E F V Chladni 24 
compiled tables in 1803 and 1815 , and in 1860, P A Kesselmayei listed 647 falls 
between 1984 b c and ▲ v 1860 Numerous other lists of known falls of meteorites 
have been prepared, and G F. Zimmer's has represented the known localities in 
the map, Fig 4 Recent lists of the known falls have been also compiled by 
E Cohen, F Berwerth, and H Michel F Berwerth has calculated that the 
number falling on the earth at the present time ib about 900 per annum Allowing 
for the unknown falls and for the meteorites lost in the oceans, the earth is being 
well peppered with them every day P. Kropotkin estimated that 146,000,000 
small meteorites reach the earth annually, but they are so small that it would 
take 100,000 years for their dust to raise the surface of the globe a single inch. 
N B Maskelyne observed that the lighter surface of the meteorites is blown away 
as dust as the meteorite passes through our atmosphere, and in some cases the 
meteorite itself deflagrates with a more or less violent explosion, to form not a single 
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meteorite but rather a shower of fragments and dust. A. von Lasaubc discussed 
the nature of meteoric dust. 

The first chemical analysis of meteoric iron was made in 1802 by E. Howard 25 ; 
and in the next year M. H. Klaproth found that nickel was present in the 
meteorite from Agram. In 1815, F. Stromeyer observed the presence of cobalt, 
and in 1833, copper. The copper was confirmed by J. L. Smith. A. Laugier 
found chromium; .1. J. Berzelius, phosphorus; 0. T. Jackson, chlorine; 
A. Liversidge, J. C. 11. Mingaye, and J. E. Whitfield and G. P. Merrill, gold, and 
the platinum metals ; and S. Tennant, graphite — M. Erofeeff and P. Latschinoffi 
observed diamonds in the meteorite of Novo-Urei, Russia ; W. Will and .1. Pinnow, 
in that of Carcote, Chile ; and G. A. Koenig and A. E. Foote, in that of the Canyon 
Diablo, Arizona —discussed by C. Friedel, F. E. Mallard and A. Daubree, and 
IF. Mohssan. Tu all, the following elements have been detected in meteorites : 
Na, K, Itb, Cu, Ag, Au, Oa, Sr, Ba, Mg, Zn, Al, C, Si, Pl>, P, As, V, S, Cr, Tl, 
Mn, Fe, Co, Ni, Tr, Pt, Pd, and Ru. J. Lunt, A. P. Forjaz, and W. Crookes 
established the presence of some of these elements spectroscopically A. W. Wright, 
T. Graham, W. Flight. J. W. Mallet, and R T. Chamberlin observed that 0*97 to 
47*13 vols. of gas mnv be occluded in meteoric iron, and that the occluded gas has 
from 14*54 to 85*08 per cent, of hydrogen : 0*12 to 43*29 of carbon dioxide ; 4*40 
to 71*05, carbon monoxide, 1*51 to 17*66, nitrogen; and up to 4*55, methane. 
W. Ramsay and eo workers, F. Paneth and co workers, and H. I). Campbell and 
J L. Howe found argon and helium umongst the oerluded gases. R. J. .Strutt, 
and T. T. Quirke and L. Finkelstcin observed that many samples of meteoric iron 
are radioactive ; and F. Paneth, D. Hrry and W. Koeck measured the helium 
and radium contents of a number of meteorites, and made estimates of 
their age. 

The merage of 318 analyses of meteoric iron was calculated by () C. Farrington 
and the results are here shown with the average previously given for the Greenland 
terrestrial iron : 

Ve Tfl Co Cu Cr P S V Cl 

Meteoric. 90-85 8 52 0-59 0 02 0-01 0 17 0 04 003 — percent. 

Terrestrial 94*71 2 25 0-63 0-24 — 1-82 0-29 0 (Jti per eont. 

The results are Raid to agree as closely as individual analyses of meteoric iron. 
F. W. Clarke has emphasized the chemical and mineralogical analogy between 
meteorites and the earth itself. F. Berwerth and H. Michel have compiled the 
results of 415 analyses of meteoric iron made 26 during the past century. Accortling 
to O. C. Farringtou, the most striking feature brought out by the analyses is the 
relation between chemical composition and structure.” This seems to be definite 
and general. All the meteorites of hexahedral structure have a nearly uniform 
composition, whilst amongst the octahedral meteorites fineness of structure 
increases with increase of nickel. Practically, the members of all the classes con- 
form in composition to the average. G. P. Merrill found the average percentage 
of metallic iron in stony meteorites to be 11*98, and of ferrous oxide, 14-58, anti 
1*15 per cent, of metallic nickel ; and 0. (\ Farrington gave fur all meteorites : 


ll> 

0 

JSi 

SI 

Ms 

s 

C» 

Co 

72 6 

10 10 

6“5U 

5-20 

3*80 

0*49 

0 46 

0-44 

Al 

Na 

P 

Cr 

K 

C 

Mu 

Lie, 

0 39 

0-17 

0 14 

009 

U 04 

0*04 

0 03 

0*05 


I. and Noddack’s results are indicated in Table T, which shows F. W. Clarke 
and II. S. Washington’s estimates of percentage proportions of the elements in 
the earth’s crust, and F. Behrendand G. Berg’s estimates of the percentage propor- 
tions of the elements in stony meteorites, in meteoric iron, and in troilite, as well 
as the relative abundance of the atoms when the value for oxygen is unity. 
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Table I. — The Distribution of the Elements in the Earth’s Crust and in 

Meteorites. 


Element. 

Earth's crust. 

Heteorltca. 

Stony. 

Iron. 

Trollltc. 

Atomic 

proportions 

H 

8-8 x 10-* 





He 

4-2 x lO"* 





.. 



Li 

5 0 X 10-® 

5-0x10-* 



2-7x10-' 

Be 

50 x I0-* 

1-0x10-* 

-t 

_ 

4*2 x IO"® 

B 

14xl0“» 

0 

1- 




C 

8-7 x 10- 4 

3-4 xlO- 4 

3-9 xl0“ 4 

. 

1-9x10-' 

, N 

30xI0- 4 

0 

1-0 \io-® 


1 9 x 10-' 

0 

4-942 x 10-> 

4-204 XlO* 1 

_ 

_ 

1 0 

F 

2-7 xlO” 4 

4- 

_ 

_ 

_ 

No 

60xl0-» 




_ 



Na 

2-84 x 10-* 

7-18 <10-* 



_ 

1-2/ 10-' 

Mr 

1-94 xlO- 1 

1 590 xlO’ 1 

3 2/10- 4 



2 5x10 1 

A1 

7-61 xlO-« 

1-61x10-' 

4-0 XlO-* 


2-4 v 10“* 

Si 

2 676 x 10 1 

2 143 xlO- 1 

80x10-* 



3-0 • 10-' 

P 

1-2 x 10”® 

5-06 xlO- 4 

1-47 * 10- » 

3-05x10 * 

2 2 > 10 ’ 

S 

4-8 xlO" 4 

2-01 x 10-* 

36x10-* 

3 43 XlO" 1 

4 0 x 10-* 

Cl 

1-88x10-* 

9-04 x 10- 4 

t 

_ 

1-0x10 » 

A 

3-6x10“* 

— 


_ 



K 

2-4 X 10-* 

2-63x10 * 





2 «> 10-» 

Ca 

3-39 x 10”* 

1-92 a 10-“ 

5 OxlO- 4 



-1-9 ' 10 2 

Sc 

7-5 XlO- 1 

l lxio- 4 

4~ 


9 5»10' 

Ti 

5-8x10“* 

2-10x10-* 

40 X 10- ‘ 

— 

1-7x10 * 

V 

1-6 XlO- 4 

3-0 XlO- 4 

6-2x10-* 

4-5x10-' 

2-3x10-* 

Cr 

3 3 XlO- 4 

5-0X10-* 

2-4 X 10- 4 

1-20x10-' 

4-0x10-* 

Mn 

8-0 XlO" 4 

206 x 10-' 

3-0 x 10- 4 

4-6 x 10~ 4 

1-6x10-' 

Fo 

4 7x10-* 

1-270 XlO- 1 

9 02x10 1 

611 XlO 1 

6-9x10-' 

Co 

1-8x10-* 

1-81 xlO- 4 

5-47x10 * 

2-08x10-' 

2 7 x 10-’ 

Ni 

1-8 xlO" 4 

2-01x10-* 

8-46x10-* 

2-88x10-* 

4-2/ 10-' 

Cu 

1-0 xlO- 4 

1-55x10-* 

3 05 XlO" 4 

4-20x10 « 

3 9 X 10-* 

Zn 

6-7 X IO” 5 

3-40x10-* 

1-15 XlO- 4 

1-53x10-* 

1 3 10-* 

Ca 

10x10-* 

4- 

1-3x10 » 

4- 

6-0x10 * 

Ge 

3-0 > IO” 11 

3-3X10-* 

2-36 xlO" 4 

1-15 x 10-* 

1-7x10-* 

As 

5 5x10“* 

2-0x10-* 

3-6 xlO- 4 

1 02x10* 

1-9x10-* 

Se 

2-5 x 10- * 

i 4- 

+ 

8-4x10-* 

4-2x10 * 

Br 

6-0x10-® 

6 
> 
»— < 
© 

■ 


_ 

5-0x10 ’ 

Kr 

2 0xl0- J1 








Kb 

3-4 a 10“ 6 

4 6 »- 10-° 

0 

0 

2-0x10-* 

Sr 

1-7 aIO- 4 

7 2 a i 0 c 

+ 

- 

3 2 x 10-* 

Y 

5-5 y 10“* 

3-4x10“* 

+ 

_ 

1-5x10-' 

Zr 

2-3 x JO" 4 

loxio- 4 

8-0x10“* 



4-2 x 10“' 

Nb 

4-0 x 10-* 

2-0x10-* 

1 oxio-* 

— 

1-1x10-* 

Mo 

7 2x10-* 

2-5x10-* 

1-66x10-* 

110 XlO * 

6-0x10-' 

Ma 

— 

_ 

4- 

4" 



Hu 

2 3a 10" 1J 

0 

2 39 , 10-* 

4 20x10 * 

O-I x io-* 

Till 

11 0 ^ 10-« 

0 

3 0 , 10-* 

10 \ 10- 

1-3x10 » 

Pci 

8 5 > 10- 13 

0 

1-9x10* 

4-5 a 10“* 

4-6x10-' 

Ag 

4-0 \ 10-* 

0 

3-2 A 10 * 

2-1 XlO-* 

1-fiXlO-' 

Cd 

1-1 XlO' 7 

- 

8-Ox 10-* 

3-0 X 10-* 

2-9x10 ' 

Id 

9 0x10-* 

- 

4* 

8-0 X IO" 7 

2-7 x 10-' 

Sn 

6 0a 10“® 

4-0vsl0-* 

1-02 xlO“ 4 

1-61x10-® 

7-3 x 10-' 

Sb 

2-3 X 10- 7 

1-0 * io- 7 

20x10-* 

7-8x10-* 

7-3x10-’ 

Te 

6 0 x 10-” 

— 

— 

1 7xlO-» 

6-0x10-’ 

1 

6-0 XlO" 8 

4- 







Xe 

2-4 X 10- 11 


_ 





Cs 

70 xlO' 7 

1-0 XlO- 7 




2-9x10-* 

Ba 

4-7 , 10- 4 

2 0 x 10-* 

4" 



5-6 X 10-* 

La 

60x10-* 

+ 





Ce 

2-7 x 10“ B 

4-0 x 10-* 

4- 



l’l x 10“* 

Pr 

4-0 X 10-* 

4- 




Nd 

1-7 X 10 -5 

3-0x10-* 

— 



7-9 XlO” 7 

Sm 

60x10-* 

3*0 x 10-* 

— 

— 

7-7 XlO* 7 
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Element. 

EartU’s cruet 

Meteor! tea. 

Stony. 

Iron. 

Troilite. 

Atomic 

proportions. 

Eu 

2 0 X 10- 7 

+ 

_ 

_ 


Gd 

60x JO"* 

4- 

+ 

— 

— 

Tb 

10x10'® 

+ 

— 

— 

— 

Dy 

6 0 X 10-® 

+ 

~ 

— 

— 

Ho 

1-OxlO-' 

+ 

— 

— 

— 

Mr 

5-0 X 10-® 

+ 

— 

— 

— 

Tm 

1-0 x 10“® 

+ 

— 

— 

— 

Yb 

0 0 x 10 -® 

-4 

— 

— 

— 

Cd 

J-4 X 10“® 

+ 

— 

— 

— 

Hf 

2-OxlO- 6 

1-0x10® 

+ 

— 

2-1 X 10' 7 

Ta 

1-2x10-® 

7 0 x 10-’ 

1-0x10-® 

_ 

3-0 XlO- 7 

W 

5*5 X 10- 5 

1-8x10-® 

8-1 X10-® 

+ 

4-7x10-® 

Ko 

— 

80 a 10- 1 ® 

B-2X10-® 

1-0x10-® 

1-3x10“® 

Os 

6*0 x 10~ 12 

— 

8-8x10"® 

1*0 xlO~ 5 

1-4x10-® 

Ir 

3*0 X 10~ l * 

0 

2 3x10“® 

5 0 X 10- 7 

3-2 xlO- 7 

Pt 

8-0 xlO- 11 

8-3 X 10“® 

1-77 x 10~ 6 

3-0x10-® 

2 3x10-® 

Au 

10x10-® 

0 

1-4x10* 

4-5 x 10- 7 

1*9 XlO' 7 

Hg 

2-7 X 10“® 

- 

— 

+ 

— 

T1 

8-5 x 10- 10 

- 

+ 

3-0 xlO- 7 

5-6 > 10-® 

Ph 

8-0 x 10-® 

5-0x10 • 

5 3 X 10-® 

71 y 10-® 

2-1 XlO' 6 

Bi 

3-4x10® 

— 

5*0 xlO- 7 

2-OxlO"® 

i-oxio- 7 

Th 

2-5 xlO- 6 

2-0x10'® 

+ 

— 

3-3 X 10- 7 

U 

6 0 x 10-® 

+ 

+ 

— 

- 


Table II. — The Composition or Gases Occluded in Meteorites. 


Meteorite. 

H a S. 

CO,. 

CO. 

CH4. 

H,. 

N,. 

Total. 


r Guomsoy p Ohio .... 


1-80 

0-13 

0 06 

0-95 

005 

2 99 


Pul tusk, Poland 

— 

■HU 

006 

0-06 

0*52 

0-04 

1-75 


Pulbuak, Poland 

- 

2-34 

0-19 

0-27 

0-64 

0-09 

3 54 


Pamalleo, India 

- 

2-13 

0-04 

006 

0-36 

004 

263 


Weston, Conn. . 

- 

2-83 

008 

0-04 

0-40 

0-08 

3-40 

>» 

Iowa County, Iowa 

- 



— 

1-45 

0-12 

2 50 

c 

o 4 

Kold Bokkevald 

- 

23-49 


0-82 

010 

0-21 

28-23 

£ 

Dhurmsala, India 

- 

1-59 

0-03 

0 10 

0-72 

003 

2-51 


Mocs ..... 

— 

1 25 


0-09 

0-45 

0 07 

1-94 


Orgueil ..... 

1 BO.I 
(48-031 

7-40 

1-14 


— 

0-33 

57-87 


Allegan. Mich 

trace 

0 21 

0-19 

0-01 

0-08 

trace 

0 49 


EbtHcado, Texas 

trace 

0 24 

0-25 

Kgl 

0-31 

0-01 

0*84 


Average .... 

400 

3-77 


m 

0-50 

0-00 

8-80 


Lenarto ..... 



013 


_ 

2 44 

wm 

2-85 


Augusta Co., Va. 

. 

0-31 

1*21 

- 

1-14 

Wmm 

3 17 


Tazewell Co., Tonn. 


mEm 

1 31 


1-35 


3 17 


Shingle Springs, Cal. 

- 

0-13 

nan 


0-67 

0-05 

0-97 

i. 

Cross Timbers, Tex. . 


0-11 

■iBU 

_ 

0 99 

_ . 

1*29 

u 

M 

Dickson County, Tex. 


0-29 

0*34 


1-57 

__ 

2 20 


Arva, Hungary .... 


5-92 

31-91 

— 

8-57 

0 73 

47*13 


C ranboume , Australia 

— 

0-04 

1*13 

wm 

1-63 

0-63 

3-50 


liowton, Shropshire 

— 

0-33 

mZSm 

— 

4 96 

0-62 

6-38 


.Toluca, Mexico .... 

trace 


1*32 

0-04 

0-27 

0-10 

1-85 


Average .... 

— 

0-78 

3-80 

KO 



7-26 

_ 

Average (not Arva) 

— 

0-21 


i 

1*67 

0-24 

2-83 
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R. T. Chamberlin 87 compiled Table N from the observations of A. W. Wright, 
J. Dewar and G. Ansdell, R. T. Chamberlin, T. Graham, J. W. Mallet, and W. Flight 
on the gases occluded in meteorites. The nirkel influences the structure. It may 
also account for the change from a hexahcdral to an octahedral structure, since 
the irons with hexahedral structure have the lowest percentage of nickel. The 
percentage of nickel in iron meteorites as a whole, as shown by reliable analyses, 
lies between 5 and 26 per cent. Cobalt in iron meteorites rarely exceeds 1 per cent. 
No constant relation in amount appears to exist between it and nickel, although, 
perhaps, as a rule it is higher with higher nickel. Analyses of meteoric iron always 
show iron, nickel, cobalt, copper, and phosphorus, and in most cases sulphur, 
carbon, and silicon. F. Paneth, and F. Paneth and W. 1). Urry found up to 
36*15x10"® c.r. of helium in meteoric iron. 

The structure of the nickel-iron meteorites is discussed in connection with the 
iron-nickel alloys. In connection with these alloys, the relationship of kamacite, 
with over 7 per cent, nickel, t&enite, with over 27 per cent, nickel, and plessite, a 
mixture of kamacite and taenite, is described. The structure of meteorites after 
polishing and etching shows that there are roughly three types : (i) Those with 
an octahedral structure are called OCtohedritos. They have two sets of parallel 
lines at right angles to one another, which gives rise to the so-called Widman- 
statten structure or lines. The lines are produced by the alloys kamacite, 
taenite, and plessite. (ii) Those with a cubic structure or cleavage are called 
hexahedrites. They have lines intersecting at 120°. (iii) Those with an inter- 
rupted or indistinct structure are called at&xites. 

The 'phosphorus in meteoric iron, forming schreibersite and rhabdite, is discussed 
in connection with the phosphides ; the sulphur , forming troilite, in connection 
with the sulphides, FcS ; the carbon , forming graphite or cliftonite, and carbides 
— cementite, or cohenite — in connection with the carbides, and Ihe structure of 
iron and steel ; the chromium , forming chromite, and dftubreelite, FeS.rr 2 S g , in 
connection with the iron sulphides; the chlorine , as lawrencite, in connection with 
ferrous chloride; and the silicon , forming moissanite, SiC, in connection with 
silicon- there are also many ferruginous silicates present, r.g. plagioelase, pyroxene, 
olivine, etc. 

Many of the sjiecimens analyzed also had their sp. gr. taken. 0. ('. Farrington 
said that the sp. gr. of meteoric iron is between 7*6 and 7*9. Since the sp. gr. of 
purified iron is 7*85, it will tie increased by that of nickel (8-8) according to the 
proportion of the latter. It will be decreased by accessory minerals such as troilite, 
FeS, of sp. gr. 4*7 ; schreibersite, Fe^P, of sp. gr. 6*5 ; graphite, of sp. gr. 2*2 ; and 
oxidized ingredients, as well as by increasing porosity. C. Benedicks discussed 
the electrical conductivity; I*. N. Lasclitschenko and W. J. Iwanis, and 
P. N. Tschirwinsky, the passivity ; and H. II. Nininger, the oxidation of 
meteorites. F. Paneth and co-workers measured the relative proportions of helium 
and radium in meteorites, and calculated that the ages of meteorites ranged from 
100 to 2600 million years. The solidification data indicate that these meteorites 
originated in our solar system. There have been observations by N. F. Belaiew, 29 
<\ Benedicks, F. Berwerth, W, Frankel and G. Tamniann, W. Guertler, H. Moissan, 
F. Osmond and G. Oartaud, F. Rinne, and F. Rinne and II. E. Boeke on the 
M’nthcMis of meteoric iron- vuir infra. 

The Ibt of minerals containing combined iron as an essential constituent is 
extensive. Comparatively few of the following minerals are of commercial 
importance. The industnally-important minerals, so far as the extraction of iron 
is concerned, include : (i) The magnetite group of ferrosic oxides ; (ii) The haematite 
group of anhydrous ferric oxides ; (iii) The limonite group of hydrated ferric oxides 
- e.g. limonite and brown iron ores ; (iv) The iron carbonate group - e.g. sidcrite ; 
(v) The iron silicate group- e.g. thuringite, chamosite, and glauconite ; and (vi) The 
iron sulphide group — e.g. pyrite and pyrrhotite. Some of these groups are of 
importance only under special conditions — e.g. in central Bohemia and Thuringia 
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nhamosite and thuringitr art* worked commercially ; anti glauconite lias been 
tried as a subsidiary to the recovery of its potash. The ferruginous minerals are 
exceedingly common, and a list would include the majority of known minerals. 
The following list includes those in which iron is usually considered to be always 
present : 

Aomite, Nrt a Fo a (»SiO a ) 4 . Actlnollte — a variety of griinprile. Adelphollte — weathered 
mossite. Aeglrite, Na a Fe a (SiO a ) 4 . ASnlgmatite, 2(Na a ,Fo)0.2tiiO a . Almandlne, 3FeO. 
A] | () 3 .3Si() 2 . Amaranite, Fe a 0 a .280 3 .7H B 0. Amesfte — a ferruginous chlorite. Ammonlo- 
Jarosite, (NH 4 ) a S0 4 .3Fe a () a .3H0 3 .6H a O. Anapalte, Fe(;a g (F0 4 ) a .4iJ a O. Andradlte, 3CaO. 
Fo a O v 3HiOj. Andrewslte, 4Fe a 0 J .2Fe0.2( , u0 > 3l > 2 0,.7H a 0. Ankerite, 2(:tt(X) a .Mg('0 8 . 
FaTOj. Anophoritfr— a variety of arfvedsoiiite. Anthopbyllite, (Mg,Fe)Ki(.) a . Aphro- 
siderlte a variety of cronstedtite. Arfvedsonlte— Na a O.Fo0.4{Si() a . Argentojaroslte, 
AgaSOj.^tOjOa.StiOa.hlljO. Argillaceous iron ore — ade clay ironstone. Arlzonlte, 
FeA>.i 3TiO a . Arrojadite a complex ferrous manganous phosphate, 4K / a l > () 4 .i)R // B (l k O c ) i . 
Arsenic, FoK a .FoAs,. Arsenical mundic, FoS g .FoAs g . Arsenical pyrites, beS a .FuAs 4 . 
ArsenlosiderUe, 6('a0.4Fi‘ a u 4 .3Aii a 0 a . 911,0. Arsenoferrlte, FeAs a . AstrolUe, (Fe.AlHXa.U)- 
Sil) 3 .n a O. Awarulte an alloy of iron and nickel —r/.u. Babingtonlte - a varietj oi 
hypornthene. Baldauflte, Fe 5 (l , () 4 ) a .3H a O, B&rkevlcite a I or nig in oils ainplnhole. 
Barnhardlle, 2('u a s Fe a Sj. Barrandlte- hydrogel of feme phosphate Bartholomite — more 
or Jess dehydrated torronatnte. Beraunile, FnI J 0 4 2Fe J (> , U 4 )(OJh , ilI a O. Berlaulte a 
leptociilorit e. Berthierlte, FoS.BhjS,, Beudantile, " 21*bU.:iFe J () 3 .Afl^() a 2tfO a .i>ll a <>. 
Blau chile, FeZn a (S0 4 ) a .I8if 4 0. Blllnlte, Ft*K0 4 .Fi ^S0 4 ) 3 24H a O. - Bixbylte, FoO.AInO,. 
Blackband -n carbonaceous lorrous curhonatc. Blakelte -an early name lor euipumhite. 
Blue iron earth an earthy variety of vmnnitc. Bog ore — hydrated ferric oxide. Borg- 
stromite, Fr 4 < i t SO a .3H a (>. Borfcklte, 2Ca0.5Fo s O J .21 > a O i .ltill a O. Bornite-n sulphide 
nf i‘*ou Mid eoppor. Bosphorite, 3Fo g O a .2F l O fe .17il a O — colloidal. Borycklte, (aO. 
21^0 , P f O fj 711 a O. Botryogen -essentially ferric sulphate, or 2Mg().L l Y a O iK tS0 3 .15H 2 (). 
Brandts ite, l2(Mg.ra,Fe)O.0(Al,Fe) a Oj hSiO a ,H a U. Bronzlte a \unotj of hyporstlicnc. 
Brush oro u variety ot lmiomte. Cacoxenlte, 2Fe a O iI .I > a O b .121l a O. Calcioferrite, 7FeO. 
2P ls U Cl 2H g O. Canbyite a ferruginous clay. Carmlnite, 31*b0.dFr t 0 a .(iAfi a 0j. Carpho- 
slderite, 3Fe a 0 a .4,S() a .UJI 2 0. Castanite, Fe a Oj 2fSO a .HIJ g O. Cataphorite a ferruginous 
amp hi bole. Catarinite-- an alloy of nickel and iron l‘e a Ni. Chalcodlte— a variety of stil- 
poiutlane. Chalcopyrite- nde copper pyrites. Chalcopyrrhotin, Ou a B.3Fo a S a .2FeS. 
Chalcosi derite, yFogOa-UuO^i^OB.SHaO. Chalmersite, CuFe a S 3 Chalyblte — vtde spathic 
ore. Chalypite- a compound of iron and carbon. Chamosite— on iron silicate. Chenevlxite, 
3t"u0.1'e a U a .As a O 6 .3H|O. Chlldrenlte — hydrated phosphate oi iron and aluminium. 
Chlorltoid, (J>'e f Mg)O.AJ i () s .8iO B .H a O. Chloropal- a ferruginous tiny. Chloroplte a 
variety of deieswto. Christophlte — a ferruginous bphuleiite, (Fe,Zn)B. Chrome iron ore-- 
ndc chromite. Chromite, Fe0.Cr a 0 3 . Chromitlte, J<> a 0 a .Cr a 0 9 . Chromolerrlte - eirh. 
chromite. Clementlte — a ferruginous hoptocblomo. Clay Ironstone an impure ferrous 
carbonate. Cleveland Ironstone — a variety of clay ironstone. Cllnochlor ■ a torru- 
ginous chlorite. ClinophflBlte — an impure voltuite, Clintonlte, 10(Mg,Cu)0.5(Al,Fo) a O a 
4SiO a .311 a O. Cobalt-nickel pyrites, (Fe,Co,Ni)N a . Cookscomb pyrites - a varioty of 
marca&ito. Codazzite, (( l a,Mg,Fo,Ce)L , O a . Cohenlte, (K«*,('o,Ni) a C. Columblte, or mobite. 
Copiaplte, 3Fe a O a .8BO a ,27H g O, or else 2Fe a O a .5SOj.l8H a O. Copper pyrites, Cu a fc>.FeS a . 
Copperas, FeS0 4 .7H 2 0. Coqulmblte — a hexagonal lorm of Fi'JsOdj.DHjO. Corklte, 
2rbO.3Fe a O 3 .r a O 6 .2SO 5 .0H a O. Coronadite, (Mii i J , b i Fe l Zn,au) a Mn a O : . Corundophillte— 
u ferruginous orthochlorite. Cossyrlte — a variety ot isnigmatite. Crlchtonite, 1'VTiU,. 
Crocldollte- a variety of riebeckite. Cronstedtite, 4Fo().2Fe 1 O a .3SiO J .4H a O. Crosslte a 
variety of riobeckite. Cubanlte, CuS.Fo g S a . Cube ore vide iron sinter, Dapbnlte, 27FeO. 
10Al a O a .18SiO a .28H a O. Daubrbellte, Fe8.Cr a S 3 . Delafovite, CuFe0 2 . Delesslto— a Lcmi 
ginous loptochlorite. DerbyUte, 2FcSbO a .5TeTi() a . DestinezJte, 2Fe a U s .2IS0 3 .P a i^ fc .)2H a U. 
Dladochlte, 2Fo l O a .P l O A .2BO a .2U l O. Dletriohlte— an impure ferric alum. Dlmagnetfte, 
Jc* a U 4 . Douglaslte, FeCl a .2KC1.211^0. Dutrenlte, Fe a (0H) a F0 4 . Durdenlte, Fe a O t . 
dToOa.AHjO. Ekmanlte -a variety of cronstedtite. Ekonorite, SFoaOg/it'gOn.HH a O. 

■ mmonslte— liydrutcd ferric tellurite. Enophite— -a woathered chlonto. Eosphorlte a 
vurioly of childrenite rich in manganese. Eplohlorite- a variety of leptochlunlc. Eplgenite, 
4C , u a S,3FeS.AB l K a . Eplphanlto— variety of leptoc'hlorite. Erubesclte— ric/c bornite. 
Erythroslderlte, 2KCl.FeClj.ll a 0. EsmeraldaUe, Fe a O a .4H a O. Eukampite — a variety of 
Icptoehlorite. Eurallte — a variety of cronstedtite, Fayallte, 2Fe0.tSi0 a -rtrfe iron ohvuie. 
Ferberlte, FeO.WO a . Ferrlallophane, (Fe,Al) a O a .SiO a .5H a O. Ferrlsympleslte, 3Fe a O a . 

2 13H *°- F ®rrltungstite, Fo a O a .WO a .6H a o. Ferronatrite,Na 3 Fo(IS0 4 ) i .3H i O. Ferro - 

PftlUdlte, J''eB0 4 .H a o. Ferrotellurlte, FeO.TeO,. Ferrovanlte, 2Fo a O a .2V 1 0 5 .5K a O. Flbro- 
ternte, Fe a O a .2SO a .10H a O. Flajolotlte — hydrogel ferric phosphate. Fosterlte, 2(Mg,Fo)0. 

Foueherlte — like borychite and pioite. Frankllnlte — vide zincite. Gadollnlte, l r eO 
^lieO.YgOn^BiO,. Ganomatlte — colloidal ferric arsenate. Gastaldlte — a variety of glauco- 
phano. Gelkiellte, (Mg,Fe)O.TiO a . GUlespite, Fe0.Btt0.4Si0 a . GUUnglte— a ferruginous clay, 
uiaueodote, (Co f Fe)AsB. Glauconite — an iron Bilicate. Glaucophane, NajO.tAl.FeJjOa.dSiOi. 
VOL. XII. 2 M 
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Gloekerlte, 2Fe0.Fe I 0 J .S0 3 .6H ,0. Goethite, FegO a .HgO. Graftonlte, (Fe f Ma # Ca) 1 (PO < ),. 
Gramenlte — a ferruginous clay. Grengeslte — a variety of deleesite. Grttnerite, FeO.SiO,. 
Gudmundlte, FeSbS. Halotrichlte, FeSOg.AlgfSOiJa^HgO. Haematite — crystals of ferric 
oxide. Hamatophanlte, Pb(Cl,OH),.4Pb0.2FegOg. Hastlnffslte— a variety of riebeckite. 
Hedenbcrgite, FeO.CoO.2SiO*. Hercynlte, FoO.Al*O a . Hetopazote, or heteroslte, Fe*O a . 
P a O B .H a O. Hlslngerite, Fe B O a .2SiO s .2H a O. Hoeferite, 2Fe 1 0 a .3Si0*.7H 1 0. HolUndlto, 
(Mn p Ba,K 2 ,H 2 )MiiO B .n(Mn,Fe,A]) 4 (MnO B )g. Holmqulstlte — a variety of glaucophane. 

Homltlte, 3CaO.FeO.B £ O s .2SiO a . Horse-flesh ore — vide bomite. Hudsonlte — a variety of 
glaucophane. H vers alt, an impure halotrichite. Hydrogoethlte, 3Fe*0,.4H*0. Hydro- 
hffimatite— vide turgite. HydrotrollJte, FeS.nH*0. Hystatlte, FeTiO a . Ihlelte, Fe*0 a . 
3SO a .12H a O. Ilmenlte, FeO.TiO*. IlmenorutUe, FeCb*0*.4Ti0 a . llvalte — see lievrite. 
Iron glanee — vide specular ore. Iron, native. Iron olivine, Fe a Si0 4 . Iron pyrites— vide 
pyrites. Iron sinter, 2FeAs0 4 .Fe(OIi) ;i .6H a O. Iozlte, FoO. Janoslte — a rhombic form 
of Fe*(S0 4 ) 3 .9H a 0. Jaroslte, K # S() 4 .rFe*0 3 .4S0 3 GH*Q. Iron tourmaline, 8Fe0.flAl*O a . 
3BjOa.12SiOj.4HgO. Jollylte — a ferruginous clay. Josephlnlte — an alloy of iron and 
nickel- q.v. Kakoxen, 2Fe a O a .P*() 6 . 1211*0. Kamosite — an alloy of iron and nickel 
— q.v. Klhdelophane, FeTiO s . Kidney ore, Fe a O a . Knebetlte, 2(Fo v Mn)SiO s . Konlnek- 
Ite, FpP0 4 .3I1 *0. Kornellte, Fo.0 3 .3S0 3 .7iH B 0. Kraurite, 2Fe B 0 B .P 1 0 B .3H 1 0. 
Krausite, K 3 S0 4 .Fe B (S0 4 ) 3 .2H E 0. Kremerslte, KC1.N1I.C1 FeCl a .H a O. Kreuzberglte 
— a ferric aluminium phosphite. Lagonlte, Fe 2 O a .3B 2 0 3 .3H 2 0. Lake Ore — ride bog ore. 
Laterlte— similar to lunnite. Lausenite, Fe a (SO 4 ) 3 .0Il B O. Lavenlte, Na 2 0.2(Mn,Ca,Fe)0. 
2(ZrO p F) 4SiO z . Lawrenclte — ferrous chloride, Lazulite, (Mg ( Fo)O.Fe s ,O a .P t O a .II l O. 

Lehnerite, Fe 7 (0H) l (P0 4 ) 4 .5H s 0. Lepldocrodte— fibro-scaly goethite. Leucopyrite, 
FeAs.FeAsg. Lievrite, 2Ca0.4(Fe p Mn)().Fe 2 0 s .4Si0 2 .H £ 0. LJllite — a variety of stilpo- 
me lane. Llmnlte, Fo a O a .3H a O. Llmonlte, 2Fe a O a .3Hgt). Llskeardlte — hydrated arsonato 
of iron and aluminium. Lodestone— vide magnetite. LMlInglte, FeAsg. Looking-glass ore— 
vide specular ore. Lossenlte, 2Pb0.9Fe £ 0 a .6As 2 0 B .K0 1 .33H s 0. Ludlamlte, 7Fe0.2P a 0 a . 
9H *0. Ludwlgite, (Fe,Mg)O.Fo B 0 3 .B 2 0 3 . Mackenslte, Fe 2 0 9 .SiO*.2HgO. Maghemite 
— native ferromagnetic feme oxide. Magnesloferrite, MgO.Fe a <J 3 . Magnetic pyrites, 4FeS. 
Fe 3 S 4 . Magnetite, Fe 3 0 4 . Magnetoferrite, 2Pb().3Fe a O a . Metachrolte — resembles 
chamosite. Magnet opium bite, 2{Pb,Mn)0.3Fo £ 0 3 . Magnoferrlte— vide magneaioferrite. 
Manganhedenberglte— a variety ot hedonbergite. Mareasite, FeS a . Margarlte— a basic 
Ca, ( A l,Fe) -silicate. Marmatlte, FeS.4ZnS. Martlte, Fe 2 0 3 . Masrite — on impure ferric alum. 
Mazaplllte, 3Ca0.2Fe 2 0 3 .2As B 0 B .6H 2 0. Melanolite— a variety of leptochlorite. Melano- 
tekite, 2Pb0.Fe 2 O 3 .2Si0*. Melanterlte— vtde copperas. Melnlkowlte, FeS*.nH a 0. Menac- 
canlte-vu/e ilmenite. Mesltlte, FoCO a .2MgCO a . Metavauxlte, Fe0.Al 2 0 a .P a 0 4 .4H*0. 
Metavoltlne— a hydrated voltaite. Micaceous Iron ore, Fe 2 O a . Mlnette — a hydrated Fe a O a . 
Mlnguelte— u variety of stilpomelanc. Mlspickel— wdc arsenical pyrites. Molyslte, FeCl a . 
Moravlte— a variety ot rronstedtite. Moronollte— a variety of jarosite. Mosslte, (Fe,Mn)0 
(Cb,Ta) a O ft . MQUerlte — a ferruginous clay. Mundic— vide pyrites. Narsarsukite, 3Na a O. 
(Fe,F)0.12Si0 a .2Ti0 2 . Natrojaroslte, NagSOg. 3 FegO 3 . 3 SOg. 6 HgO. Needle Ironstone — 
indr goethite. Neptunite, (Na l K) l 0.(Fe,Mn)0.4Si0 2 .Tib a . Ntobite, FeO.CbgO*. Nontro- 
Dlte, Feg0 3 3SiO t .5HgO. Nordmarkite — impure staurolite. Ochre — a variety of limonite. 
OetlbbelUte — an alloy of iron and nickel. Olivine, FegSiO^MggSiOg. Onegite — vide goethite. 
Orileylte, (Cug,Fe) 3 (As.Sb)*. Orthochlorite, 2(Mg,Fe)O.Al a O a .8iOg.2H i O plus 3(Mg,Fe)0. 
28i0g.2H*0. Osannite— a variety of riebeckite. Ottrellte, (Fe,Mn)0.Al a 0 a .2Si0g.Hg0. 
OxaUte. 2FeO.C a Og.3HgO. Paelte, FeB a .4FeAsg. Paravauxlte, 5FeO.4AlgOg.5PgO*. 
26H*0-f21H*0 ; or FeO.AlgO a .PgO B .5HgO. Pattersonlte — a variety of leptochlorite. 
Pel h smite — a variety of chlorite. Pennine — a ferruginous orthochlorite. Pentlandlte, 

2FeS.NiS. Pharmaeo-slderite — vtdf iron Sinter. PhilUplte, CuS0 4 .Fo t (S0 4 ) 3 .nHgO — probably 
a mixture. Phosphoferrlte, 7Fe0.2P a O B .2Hg0. PhosphophyUlte, 3K a (P0 4 )*.2Al(OH)S0 4 . 
9HgO, where K represents Fe,Mg f Ca,Kg. Phosphoslderlte, 2FeP0 4 .7H a O. Plolte, BFePOg, 
GFe(OH) a .27HgO. Plngulte, 2FegO a .6SiOg.Aq. Pisanlte, (Fe,Cu)S0 4 .7H a O. Plstomeslte, 
FeCOg.MgCOg. Plttlelte — an arsenical sinter. Plaglodtrlte — an impure voltaite. Piano- 
ferrite, Fe a O..SO a .15HgO. PHnthlte — a ferruginous clay. PlumboIerrite v (Pb / Fe,Cu)O.Fe.O a . 
Plumbojaroslte, rbS0 4 .3Feg0 a .330 s .6H a 0. Proohlorlte— a ferruginous orthoclilorite. 

Pseudobrooklte, Fe a O a .3TiO a . Puddle ore, FogO a . Pyroxlerite — a variety of leptochlorite. 
Purpurlte— hydrogel forrir phosphate. Pyroaurite, Fo(OH) a .3Mg(OH) l .3H t O. Pyroxmangite, 
(Fe,Mn)SiO a . Pyrrhotlte —vide magnetic pyrites. Quenstedtlte, Feg(SO 4 ) 3 .10H a O. Quetenlte, 
MgO.Fe 2 O a .3SOg.l2HgO. Red fossil ore,Fe s O a . Red haematite — a generic name for anhydrous 
Fe a O a ; and it is also given to turgito. Red ochre — vide turgite and red hannatite. Relnlte, FeO. 
WOg. Rhabdlte, (Ni,Fe) a l\ Rhodonite, 2(Mn,Fe)0.2Si0*. Rhomboelase,{Fe(OH) 1 } t (H50 4 ) l . 
6H a O. Rhodolite — a variety of riebeckite. Rhftnlte — a variety of nnigmatite. Rlchelllte, 
a ferric fluophosphate. RIehterite — a variety of arfvedsonite. Riebeckite, Na|O.Fe a O B . 
4SiO a mixed with FeO.SiOg. RJnnelte, FeClg.3KCl.NaCl. Roemerite, FeS0 4 .Fe 1 (S0 4 ) s , 
12H a O. Rdpperite, 2(Fe,Mn,Zn,Mg)0.Si0 1 . Rosenerlte, (Fe.Mn.CaJgAHOHMPOJg^HgC). 
Rublngllmmer— vide goethite. Rogerslte — an early name for lausenite. Rubrite, MgS0 4 . 
Fe a (S0 4 )g.l8Hg0. Ruddle, Fe a O a . Rumflte — a variety of oronstedtite. Salmonilte— 
hydrogel ferric phosphate. Salvadorite, (Cu,Fe)S0 4 .7H l 0. Sammet-blende — a velvety 
variety of goethite. S&reopslde, 2(Fe p Mg,Mn f Ca) i (P0 4 ) l .(Fe,Mg l Mn l Ca)F a . Behafarzlklte, 
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FeO.P a O a . Sehrelbmlte, (Fe,Ni) a F. Schuchardtlte — a variety of chlorite. Scorodlte, 
FeAs0.2H a 0. Senalte, (Fe l Mn,l k b)O.Ti() 1 . Shining ora— micaceous iron ore. Sloklerlte, 
(Li.HJgO.GMnOjFetOa-dPjO^.HgO. Slderazote, Fe*N. Slderite vide spatliic ore. Sldsro- 
chrome — vide chromite. Slderoterrlte — metallic iron present in petrified wood. sidero- 
natrlte, 2Na a O.Fe 1 O i .4SO a .7H a O. Slder-plwite, 2FeC0 8 .MgC0 3 . Siderotile, Fe80 4 .5H a 0. 
Sienna, Fe 2 O a .Aq. Sltaparlte, 9 MngO 3 . 4 FeaO 3 .MnO. 3 CaO. Sjdgrufvlte— hydrogel ferric 
phosphate. Skemmatlte, 3MnO a .2Fe a O s .GH *0. Slavlklte, (Na f K) i RO 4 .2Fe R (OII) a (SO 4 ) 0 . 
03H t O. Smith ore — a variety of limonite. Soueslte— an alloy of iron and nickel — q.r . 
Spatnlo ore, FeCO a . Soear pyrites— a variety of marcasite. Specular Iron ore, Fe a O a . 
Sphmro-slderlta — a variety of clay ironstone. Stalnerlte, (CojFe.AbjOg.H a O. Stannlte, 
Cu 3 S.FeS.SnSg. Staurotlte, 4FeO. 9Al l 0 3 =8Si0 l .H a 0. SteatargUUte — a variety of lepto- 
chlorite. Strenglte, FePO i .2H l O. Sternberglte, Ag 3 S.FegS 3 . 2 FeS. Stllpnomelane, 
2(Fe,Mg)0.(Fe,Al) a 0 a .5Si0 2 .3H a 0. Strlegovlte — a variety of crouatedtite. Sympleslte, 
HFeO.AH 3 O 3 .BHjO. Szeehenylte- a variety of glaucophane. Tffinlte- an alloy of iron and 
nickel q.v. Talc-chlorite — a variety of leptorhlorite. Tantallte, Fe().Ta a O a . Tapiollte, 
FeO.Ta a O a . TarameUJte, 4Ba0.Fe0.2Fe t 0 a .l()Si0 s . Taranakite, like kehoeita. Taurlselte, 
FeS0 4 .7H a O. Thraullte- -a ferruginouu clay. Thuringlte — an iron silicate. Titanic Iron ore, 
FeTiOg. Trevorite, KiO.Fe a O a . TriphylUte, Li(Fe,Mn)P 0 4 . Trlpllte, 3(Pe,Mn)O.P a O a . 
(Fe,Mn)F a . Triploldlte, 4(Mh t Fe)0.P a 0 a .H 1 0. Trlpuhlte, 2FeO.Sb a O a . Trollite, l-VS. Tar 
glte, 2Fe a O a .H a O. Uddevallte, I 4 VriO a . Umber, Fe 2 O v Aq. Unghwarite — a ferruginous day. 
Uruslte, in sidoionatiite. Vallerlltc, Ou 2 Fe 4 S 7 . Vauxlte, 4FeO.2Al a () a .3P a 0 a .24H l O + 3H a b. 
or FeO.Al 3 O 3 .PgO 3 .CH t O. Venasquite, FeO.AlgO 3 . 3 SiO 3 .H 3 O. VIrldite, 4Fo0.2Si0 2 .3H a O 
Vlvianlte, Fe 2 (F 0 4 ) a . 8 H a O. Voltalte, 3FeS0 4 .Fo a (S0 4 ) a .9H a O. Vonsenlte, 4(Mg,Fe)0. 
Fe r O a .311 a O a . Vredenburglte, 2 Fo a 03 . 3 Mn 3 0 4 . Welnbergerite, Hft 3 O.BFeO.Al 3 O 3 . 8 H 3 O. 
Wenzellte. (Fc,Mn,Mg) a (ro 4 ) a . White iron pyrites — vide marcaaitc. Wllleoxite— a variety 
of hcptochlorite. Wolframite, (Fe,Mn)W 0 4 . Wood Iron ore— a variety of limonite. 
Xanthollte ail impure staurolite. Xanthophylllte, 14(Mg,(' > a,Fe)0.8Al a 0 il .5Si0 a .4H a 0. 
Xantho-slderite, Fe a () a .2H a O. Xanthoxenlte— basic ferric phosphate. Yukon! te, (Cn a . 
i'V 2 lAM a O B .2Fe(OH) 3 .5H a O. Zincite, (Mn,Fe)0.Fe 2 0 3 . Zwlesellte a ferruginouH triplite. 

The more important supplies of iron ore are sedimentary deposits, including 
replacement and residual deposits. E. (\ Eckel 30 estimated that 10-7 per cent, 
were formed by direct or ndirect igneous action ; 26-2 per cent., by superficial 
weathering and chemical action ; and 63-1 per cent., by direct sedimentary 
deposition. 

I. — The igneous deposits include those which are found as original constituents 
of a mass of igneous rocks, but E. C. Eckel added that none at present worked 
in the United States can with certainty be ascribed to this group. The tituni- 
ferous magnetites, however, are generally supposed to be of magmatic origin. The 
subject was discussed by (I. Berg. 

II. — The sedimentary deposits include those in which the iron derived from the 
decay or weathering of a pre-existing rock lias been transformed by running water 
either in suspension or in solution, and afterwards deposited "by simple sedimenta- 
tion, by evaporation, by chemical action, or by organic agencies, discussed by J. M. van 
Bemmelen — vide limonite. The sedimentary ores of the Rhine area, Middles- 
brough, Belgium, France, Alabama, and Nova Scotia are of this character. The 
sedimentary rocks formed by the transportation of matter suspended In running 
water appear a5 transported concentrates, usually magnetite, along stream bedis 
and sea beaches — vide infra , limonite. Deposits in which the iron is carried 
largely or entirely in solution by surface waters and afterwards deposited as a 
precipitate from the solution, include (1) spring deposits , which have b'Tii formed 
from spring-waters at their point of issue ; (2) bog deposits , appearing as brown 
nres, pyrite, or carbonate in swamps or lakes; (3) basin deposits, in which the iron 
ore has been deposited in a completely or partially enclosed sea-basin by evapora- 
tion, chemical action, or organic, agencies. The basin deposits include (i) the 
carbonate ores ; (ii) iron silicate ores like the glauconites reported as forming 
extensive areas over the present ocean bed, and which are illustrated by the green 
sand deposits of New Jersey and the silicate ores of Thuringia, discussed by 
E. R. Zalinsky, 0. Schmidt, and A. Lacroix ; and (iii) the iron oxide ores exemplified 
by the Clinton ores of the United States, the Wabana ores of Newfoundland, the 
minette ores of Lorraine and Luxembourg, and the Minas Oeraes ores of Brazil. 

HI • — Replacement ores have been formed by the deposition of an iron mineral 
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in a pre existing mass of rock The iron has been carried to the place of deposition 
in solution- hot or cold The ferruginous viators may have been ascending or* 
dm ending, and it may form (1) cavity o? pore deposits by filling spaces pre-existing 
m the mass of rock , (11) normal replacement deposits, in which a mass of pre-existing 
rock has been leplaced by an iron mineral, eg when soln of iron salts act on 
limestone^ -vide t nfra t iron carbonates, (111) secondary concentration deposits, in 
n huh a low grade ore has been enriched by the subsequent deposition of iron , and 
(iv) contact replacement deposits, in which a mass of pre existing rock has been 
replace d by an iron mineral deposited from heated solutions set in action by lucal 
igneous intrusions 

IV — Alteration ores — These ores include ( 1 ) Gossan deposits formed by the 
surfaie alteration of a pre-existing deposit of iron sulphide, discussed bv 
H M Chance E Newton, J W Gruner, and T S Lovcnng , and ( 2 ) irndnal 
di posits formed during the decay or solution of a ferruginous rock, leaving the 
non oie behind or newly formed in situ, e g latcntic ores- studied by H Hanas- 
suwitz 

An idea of the geographical distribution of the commercially important cuts 
of lion c ail be gathered from the map, Fig 5 There arc a number of works special!) 



J to 3 Geographical .Distribution ul Iho Coiuinert ml Jtou Ous 

dt voted to this subject /* 1 and the official geographical ropoits of many lountiies 
contain much data 

Europe. In Great Britain 12 there are tho tai Inmate ores of tin Mesozoic locks of 
York him, Lincolnshire, and ^oitbaniptonsliifi They me lude the oolitn bidente ol 
C Iceland, tho deposit in Liik olnsiuto, which ih continued in a It hs well developed lonn 
hi \a h psternhirp, tho deposit of Rutland and Oxford, that in Northampton, and an 
analogous deposit m Inverness Ihcie are iirnnc use deposits ul (ailxuiato or clay iron 
tom oies associated witli tho c oul-iuc asures, and which ciop out in \anous jiaiN. 
i ingmg from JNewcusUe on Jy.no to South Wales, the y jre mined extensively in Stafford 
sluic and Scotland Tho South W alt ■» deposits were disc ussod hy J D Kendall. 
II i oms, s \ iMun, and M Morgans 3 ho South Wales and Scottish deposits uio 
outlnrs, *nd onio of these oiea— eg those of .hoithuinlipiland- arc rarbomf pious, hut 
th(\ do not belong to the coal me usurps 3 here uio h .email to avid magnetite ores in 
i uio Ui land and Lancashire, where they aio associated with tho carboniferous lmieatois 
Jhiir aro lodes oi red hematite of muiui importune e in t oniwoll and Devon, pockets 
or hi o a n ore in Gloucester, \cins of spathic ore in Somerset, pisolitic ores iii Cai- 
iiinvon (North Walls), and tioddod oolitic orob m Wiltshire aud Kent. There we 
mane olliei deposits which are of lftnspr importance or only of minor interest 
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the Forest of Dean deposits, for instance, were discussed by J. W. Watson, and 
11. K. Insole and C. Z. Dunning. It. W. J)ron described the iron ores of Shetland. The 
pisolitic, residual ores at Antrim in Ireland wore discussed by II. Louis, C. H> Williams, 
W. Peile, A. McHenry, E. St. J. Lyburn, J. J). Kendal I, E. Hull, <\ S. Parnell, (I. V. du 
Noyor, G. A. J. Cole, H. P. T. Itoliloder, II. Tate and J . »S. Holden, U. Kiuahan, 
J. F. J lodges, and I*. Argali. Clay ironstone occurs near Lough Allen and in Kilkenny 
c ounty ; while magnetite occurs at Bollyoog. Jn France, 83 tho region embracing the 
Lorraine- Luxemburg area is perhaps tho most important iron clEfinc in Europe. Tlio 
French portion of the deposits includes those of the Aumetz-Arsweiler Plat mu, Frntsrh, 
the Longwy basin -Hussigny, and Haulnes-the Hriey basin- Orn<\ Land re*, and 
Tucquegnieux —the Nancy basin, and the Crusnes basin- Grand-Kimont, Mercy-le-lluut, 
and Audun-le-Roman, There aro lucrnatite and carbonate ore* in western France, thus 
the Normandy deposits at May, Urvillo, St. Rrimy, La Ferrioro, Halouzu and Larchurnp, 
Dilotto, etc. — tho Anjou deposits- e.g. at Sogr6- -tho Brittany deposits - e.y . at Koiipti anil 
Nozay. There are also deposits in southern France — principally in tho department of 
Pyrei uHvs Or ientales. In Luxemburg , 31 in Lorraine basin, (here aro the phosphatic ininette 
ores - at Esch-sur-TAlzctte, Belvaux, DifTerdange. and Rodange. In Belgium / 3 there are 
a few low-grade deposits of hematite, but Belgium imports its main supplies from Spiun, 
Sweden, and Germany. Tlio principal iron mines aro north of tho Mouse valley— near 
Vedrm, Mare ho volet to, and Houhsois. There is brown ore in the Campino district and 
n iso carbonate ore m the coal measures of north-cost cm Belgium. In Holland, 18 Lhcro aro 
small deposits nt hog nre in Groningen, (iverysscl. and Gelderland. In Portugal / 7 there 
ore small deposits not well developed. In Spain / 3 the most extensive deposits an* near 
Moncorvo in Tras os-Montes, Alemtejo in Odomira, and I'orto do Moz in Esiroinmlura. 
Thorn aro large deposits, some of which supply tlio demand* of the British Bessemer steel 
promts. There are lanniatito and carbonate ores associated with the cretacpous limestones 
ot Bilbao, in the province of Vizcaya. There aro brown hromafites in tlio province of 
Lugo ; and high-grade carbonates and lisematites at Astorga and other parts of the province 
ot Leon; while tho provinces of Oviedo, Huelva, Sevilla, A 1 menu, Geronu, Murcia, 
Giupuzcoa, Navarra, Huesca, Pamplona, Logrono, Burgos, Segovia, Badajnz, .Malaga, 
Gutnadu, Santander, Saragossa, Teruel, and Guadalajuia posse** more or Ic^-s important 
otoh. When tho ores of the J^orraine- Luxemburg region vieie coded to Franco, nt the 
i on elusion of the 111)4-18 war, Germany J * lo*t ubout two- third* ui her estimated iron 
resources. 'Hie most extensive of tlio remaining deposits are in tho Siegcrland district of 
southern Westphalia and other parts ot tlio east Rhino area — Dill-Luhn dwliict, tlie 
regions ot Taunus, Vogolsheig, Westoruald, Sj*cssarfc, and Borgihcher-Kalkborg. There 
arc also iron oroH in the Weser district, in the rretacoous rocks on the north of the Jlarz 
mountains', and the Salzgitter-ilsede, tlio Harz mountains, Kcllerwald-Sa norland, the 
Lower llosso. Bent hoim-Ochtrup-Ottenstoin area, the Teutoburger Forest area; in tho 
western Rhine area near Aachen, and on the Suonwald ; at Sehmiedolborg in Silesia; 
at Ainlierg, Hollfold, and Kresscnhorg in Bavaria; and in Wurtemborg-Gioslingcn. and 
Aalcn. There are also deposits of bog iron m north and central Germany. In Poland / 0 
there arc low-grade spathic ores in tho Czonstochau district of old Poland ; brown ores in 
tho Rndnm district - ill llsha, Kon^k, etc. There are also deposits ill the districts of 
Warsaw, Kalisch, WielUii, Sierndz, Konin, cle. In Czechoslovakia , 41 there are extensive 
deposits in central Bohemia Nucitz, Zditz, Kmsnahora, Riesengebirgc, and Erzgebirge ; 
in the Szejjos-Gbmtir area on the southern slopes of tho Carpathian mountains in Ruthenia ; 
on tho cant of March valley in the Smlotie mountains in Moravia ; and there are old work- 
ings in tho north-east Carpathians in Xaros, Zemplen, IJng, and Bereg. In Bulgaria / 3 
tliere are small deposits only of local importance at Blagoovest, Rndin-Kamak, Spassonijc, 
and Kremikova. There are some deposits of iron ore in Albania . 43 Jn Jugoslavia / 1 there 
are deposits in Bosnia at Vares — Snireka, Jlrozkovats, Brezik, Slatina, Poloci, Borak, and 
Ponikva- and at .lavorik near Ljubia — Stari Rieka, Adamusa. Drenovats, Stari Majdan, 
Saiwki Most, Jazovats, Prevja, and Koska Ruda; in Serbia, brown iron ore is mined at 
Majdanpek, and there are deposits in the Kapaonik and the Zlalibor mountains — Mokra 
Gora, Matarugo, Massuritsa, Gevranitsa, Gare, Ruplje, Jabukovats, Let>eta r Korlieovats, 
Rupusito, and tho Venchac mountains ; in (Serbian Macedonia there are deposits of brown 
ore at Babuna, haematite in tho Osogov mountains, spathic ore at Dobrovo, and magnetite 
at Hredorek and Sraoin ; in Slovenia there are deposits near Assling, Jauerburg, Belshitsa, 
Lejiene, Kropp, Kranz, Kodovljitsa, Soisenberg, Weixolburg, Sittich, Ruppertshof, Nassen- 
fiifM, Jablnnza, Thurmanhart, TrcfTen, Gonnbits, Slemon, Seitz, Sallach, Srhelesmo, und 
Preszka ; in Dalmatia there are unimportant deposits near Bibenik, Kanienar. Ivmo 
Y r odioo, and Kotlenit&e; in Montonogro there aro uuworknd deposits near Piperskn and at 
Sozina ; in Croatia there aro deposits in the Velolut mountains, near Topusko, Gospits, 
Breslinats, Samobor, and Gjurmanets ; and in Slavonia, at Poszega, Pletemithu, Podvinij, 
Sibinj, and Sirats. In Rumania / 5 there is an iron industry centred in Banat—Rcsieao, 
r rvinova, Petrosz, and in tho Bihar mountains ; and there are deposits in Hunyad between 
Ruszkica and Also-Telok, between Gy alar and Also-Telek, and near Erdbhot, A ran y ok, 
Batrina, and Kudzsir. There aro deposits in Szeklerland, and in fiuceava, Muscel, Gorji, 
Tulcea, Braila, and Mohedinti in old Rumania. In Switzerland / 8 there are deposits in 


534 INORGANIC AND THEORETICAL CHEMISTRY 

Fricktnl, in Mount Chemin, at Chamoson, tlio Erzogg-PIanplatten area, in the Deldmont 
basin, and nt Gonzon. Switzerland has hitherto defended for her iron on imports from 
( lormaiiY. In Austria . 47 there are iinportnnt deposits of siderite and limonite at 
Er/berg in Styria, and at Donnersalpe, Glan/.lierg, and PolBtcr in tho Erzberg area ; 
there nro also deposits at Hiittenberg in Carinthia, and on tho left hank of the Danube 
about 45 miles from Vienna. The iron ore deposits of Hungary,*" tieforo the adjustment 
After tho HU 4 18 war, wore described by L. \on Loezy and C. von J’app. In Italy , 49 
(lie mines at Elba have furnished the greatest. port of tho output. The ore is higli- 
iriadc, and low in phosphorus. There are deposits in Pirdinont — Val d’Aosta. TraverHoIlH, 
Cognc, Liooni, Larcinaz, Colons, Carlo Muta, and Montehaltt ; in Sardinia" Son Leone, 
and La Murra ; in Lombardy— in tho Brcmbana valley ; in eontrAl Italy- I-a Tolfa, and 
the coastal regions of Tuscany from Monto Atsiceo, in tho Vorsilia district, and the nortli 
to Monte Argcntario, and in the south to Orbetello district ; in south Italy — at Stilo, etc. ; 
and in Sicily — near Messina. In Greece ,' 10 them are important chromiforous or inangani- 
ferous iron ores in the Laurium peninsula, near Lake Kopais — at Lokris, Thebes, and 
Tvarditza in the province of Boitio ; and at Tsouka, Lutzi, and Pavlorada in the province 
of Lokris — at Tolitka on the island oft Euboea ; at tho Skyros ini no west of the island of 
Skvros ; near Spatlii on the island of Zca ; and on the islands fori go, Thermia, Seriplios, 
and Cyclades. In Turkey , 61 some iron ore occurs near Kndonto, and some magnetite near 
Samakov. Specimens of micaceous iron oro have been reported irom Cyprus . 69 In 
Russia , 63 there are many important deposits of iron nro. There are important deposits 
in the Krivoi Bog basin in south Russia, and adjoining these are those of Lichmandeonkaja, 
the Sholtaja River district, at Knrssnk-Mogila in the Taurida district, and those in the 
peninsula of Jvcrtch, in tho ( Vimea. In central Russia there are deposits at Lipetsk in the 
Government oft Tamhoff ; at I’riklnn, Slohina, Motmos, and Pcssotsehnaia in the Govern- 
ment of Vlndiinir ; about Koschatinsky, and Duininitsclisky in the Government of Kaluga ; 
about Krapivrio, and Bogorodizk in the Government of Tula ; at Istijnsky and Svntulsky 
in the Government of Riasun ; about Liwny, and Krnmy in the Government of Orel. In 
the north Urals there are deposits near Bogoslovsky, near tho Kolonja River, at Kutin- 
skojoo, and at Voronzov. In the central Urals there are deposits near Kiselovsky, Troitsk, 
Cora Hlngodat, Gora Wyssokaja, in the Alapaievsk district at Blagonadeslivni, in tho 
Neviansk district nt Magomo Store borowsko, 1 ’ltschuginsko, Reschewsko, Schwodsko, 
and Sclniralinsko ; in the Bilinibaicvsky district at Ilmosko, and on the western slopes 
of the Bjelaja and Penkowaja mountains; and there are deposits at Vorsk-Isetsk. In 
tho south Urals there are deposits in tho Kuusiaskaia and Achtcnskojo areas, in tho 
Slat oust mining district, in the Konmrowskaia area at Kar&bijsknjn. and Lemesinsky - 
in the group of hills of Magnilnnia Gora, in the Tscherdynsky district of the Government 
of Perm, and in the district of Glasowsky, and Slobodsky of the Government of Viulkn. 
There are deposits in the Powenez area of tho Government of Olonctz, and in the 
Jarensk area of the Government of Vologada. In Finland 64 there are iron ore deposits 
on the island of Jussard, in the Porkouen-Pahtavaara area in Kittilii ; at Juv&kaihenrnaa ; 
and at Suojarvi. There are extensive deposits of hog ore in the lake country of central 
Finland ; and titaniferous iron ore at Valim&ki, on tho north-eastern shore of Lake Lagoda. 
Iron Iiob been produced in Sweden 56 for centuries ; it was one of the most imj>ortant 
centres in the later Middle Ages, since it had many accessiblo deposits of rich ore, an 
abundance of forests of coniferous wood as fuel, and roady access for transport. Them 
are -deposits of phosphatic ores situated mainly north of the Arctic Circle in the province of 
Norrbotten- - including the Kiiruna and Gellivoara ore fields — at Kiirunavaara, Gellivaara. 
Malinberg, Luossavaarn, Svappavaara, Levokniomi, Mertainen, EkstrOmsberg, Nakerivaara, 
Yliptiasnjarka, Tuolluvaara, Laukkujorvi, Altavoara, Painirova, etc., the Ruoutevarc 
de|3osit, and one in the Vallatj mountains. In central and southern Sweden tliere are the 
imjiortant mining areas of Lombcrg, East and West Ormberg, and also the deposits of 
Persborg, Norberg, l) ami cm ora, Tabcrg, Herriing, Strippa, Stransa, etc. In Norway, ^ 
tho main ores nre not of the usual type. The country lias low-grade ores which 
require concentrating for export. The ores for concentration occur at Sydvaranger, 
Fiskefjord, Blokken, Gullesf jord, and Oksfjord ; there are also the Dunderland, Dunder- 
ford deposits— Urtvand, Vosteraali, Finkaataenget, Stensundtjem, BjOrhei, Urtf jeldmo, 
Strandfjord, and Nftvemas. There are also iron ore deposits near Ranonfjord, 
Fuglestrand, Seljelid, ElHfjord, Davemoen, Foreland, Sttrovaagen, RisOcn, MosjOon, Dol- 
eladaoscn, Beieren, Naeverliaugen, Madstukrogan, Ofotenfjord, Haafjeld, Strand, Bcrvik, 
Eleven, Lenvik, Osmark, Narvik, Rombakfjord, G rat on gen, Lavangen, Genrralhaugen, 
iStnrhaugen, Loukostjokka, Sorreison, Rollti, AndorgO, Dynl, Tromsbsunrt, Mollendal- 
xnkseln, Bolliskarot, Kalvebaoklien, Solligongen, Langgangcn, etc. Rich ores of magnetite 
and specular oro, ready for shipping without concentration, occur on the islands of Vester- 
aalen, lxifoten, VcstvaagO, and Gimsfi, Oestvoago, Melbvaer, Bjnrku, and Hindu. There 
nre deposit h near Beitstadf jord, Oolve, and Rftftesdtad, west oft Lake Nisservand, and ljetween 
Arendal ami KragerO — KJodeberg, Breasted, and the Liingo and Gorn<> islands. North 
rit Kroger!) are the so-called Fohn Mines, and towards the east there are dofiosits nt Myrestb, 
Ktoremyr, Barmen, Narverud, etc. There are also deposits at Mistberg, and Skreia, north 
of Christiania. There arc several small chrome iron oro deposits in Norway, and titoni- 
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ferous ores at Koldal, Kyland, Storgangen, Blaafjeld, Laksodal, RGdaanri, Surondalbfjord, 
Heindalen, Gusja, Rfidsaeter, Meisingset, Lesjeskogen, Sttholt, SolnGrdal. Oorion, Rfrldal, 
Stikelven, Vanelven, Sdrdalen, Sellenvold, Lttland, Lavikdal, Lindaas, RudO, Askeland, 
Lyseknappen, Lofoten, Vosteraalen, Langd, Oexnes, Flaks tad6, etc. Tlicro in also a deposit 
on Spitsbergen .* 7 There are iron deposits in the nortli-wostem peninsular of Iceland. 5 * 
Alla. — In Palestine , 10 a red and brown hematite occurs in the Ajlun district east of 
the Hiver Jordan, between the Rivers Jabbok and Wadi Radjib. In Syria , 50 some iron has 
been found at Anatolia in Alla Minor . 81 In Mesopotamia, 5 * iron ore occure in the ftergusa 
Hills, north of Amadia; there are deposits east of Amadia, and in the Dohuk district, and 
in the valleys of the Bohtan And Tigris. In Arabia , 51 deposits of red oxide are worked at 
Ras-el-Kheimah, and small deposits occur in the province of Yemen, and on the island of 
Dalmah. In Persia , 88 there is a deposit of red oxide on the island of Ormuz, and workable 
deposits of hematite in the Bishneh and the Durdur districts. In Turkey-ln- Asia, 8 5 there 
are deposits of iron ore in Anatolia, Ay asm and, Aidin, Brusam, and Adana. Rich mineral 
deposits occur in Armenia, and Kurdistan — e.g, Diarbekr, Van, Bitlis, and Trebizond. In 
Transcaucasia, 68 there are numerous deposits but no coal, and transport is difficult. There 
is ore in the province of Kutais, Georgia — at Khamuli, Artim, Ubissi, Shrosha, Tchabakh, 
and Kddabek — Mont Bdak-Burum, the province of Terek, near Lenkoran, near Poli, and 
near Dashkesan. There are several deposits of pyrites in Georgia. In the Aden , 87 and 
the vicinity some iron ores occur in varying amounts in the basalts and quartz-trachytes. 
In India , 88 in Assam, there is clay ironstone in the Abor Hills, and in the Khasi Hills the 
natives manufactured iron many years ago. There is iron ore near Jaipur, Manipur, and 
in the Mikir Hills ; and in Bengal, at Biher, and Orissa. Deposits of laterite ocour in the 
Rajmahal and Mallarpur areas, and they were at one time the chief sources of the native 
iron industry about Birbhimi. There are iron ores in the Kaniganj, Mayurbhanj, Guruinai- 
shini, Okampad, Badanipahar, Fol Lahara, Singhbhum, Bonai, Keonjhar, Hazaribagh, 
Manbhum, and Palamau. In Bombay there are ores in the districts of Almedabad, Kaira, 
Panch Mahals, Surat, Bijapur, Ratnagiri, Rewa Kantha, and Sind. In Burma there are 
ores in l ho states of Mandalay, Shan, and Khesi Mansam. In the Central India Agency 
there are deposits in the Bijawar series — e.g. Bundelkland — in Gwalior — e.g. Bagh, Par 
Hill, Mongor, and Santow- in Indore — e.g. Barwai, Chikitimodri, Karondia, Mendikhaira, 
Nandnia, and between Bain and Sendrani — and in the valley of the Ken River in 
PunnA, and in the Son valley in Rowah. The Central I’m vinces is the chief centre for 
iron -smelting in small, indigenous blast-furnaces. There are iron ores in the Drug 
(including Raipur) district — e.g. Dondi-Lohara, in the western hills of Kairagarh, near 
Juris khar in Nandgron, at Chutrala, Kumi, and llusantapur in Thakurtola, and at 
Worm-land. There ore ores in the Jubbulporo district — near Khumbi, Bjeragogarh, 
Agaria, Si h ora, Mansakra, Ghogra, Imalia, Jauli, Kanhwara Hills, I*ora Hill, and Saroli ; 
in the Chanda district- -near Asola, Bisai, and the hills of Chamoursi, Dowalgaon, Lohara, 
Poser, Pipalgaon ; in the district of Narsinghpur at Oinarpani ; and in the district of 
Nunar. in Hyderabad iron ore occurs in the Bidar district, south of Kaliani ; and 
Konasamudram in the Nizamabad district is said to have been one of the localities where 
steel for the famous Damascus sword-blades was manufactured. Iron ore also occurs in 
the Warangal district, and the Singaronni coalfield. In Madras iron ores occur in the 
districts of Aroot, Bellary, Coimbatore, Godaveri, Kistna, Kumool, Malabar, Nellore, 
Salem, Trichinopoly, and Vizagapatam. Largo quantities of ore also occur in the Mysore 
state in the Babahudan Hills of Kadur district, in the Channagiri, Channaruyapatina, and 
Malvalli. Haematite occurs in the districts of Bannu and Hazara of tho North-West 
Frontier Province. In the Punjab there are deposits between tho Jumna and Ravi rivers ; 
in the Patiala state liotween Chhapri and Jannpur, and near Dhanota and Sohla. In 
Rajputana there are deposits in the states of Alwar at Rajgarh, and Jaipur near Nimla. 
In tho United Provinces there are ores in Kumaon, Dochauri, Khurpa Tal, and Naini Tal. 
In Goa there are deposits which are a continuation of those in the Ratnagiri district of 
Bombay, In Ceylon , 89 the iron ores Are widely distributed but in relatively small quanti- 
ties near Pulmoddai, Tirukkovil, Kiribatgala, Ampitiya, Hanguranketa, Nuwara Eliya, 
Badulla, and Bandarawela. There are deposits in Burma , 70 at Twinnge, north-east of 
Thondaung. In the Malay States , 71 there are extensive deposits at Pondok Tanjong, 
near I)un gun in Trengganu, about Kuala Kuantan in Pahang, in Kuala Batu Pahat in 
Johore, and on Kedah Peak in Kedah. In Borneo , 71 there are deposits of limonite on 
Tagoho Hill, British North Borneo. Clay ironstone occurs in Labuan, etc. There are 
ores in Tanali l^aut, near Tamboga, tho island of Sehoekoo, or Scbuku, and I*ulu Laut ; in 
Western Borneo there is clay ironstone in the state of PaJo —on tho islands of Bessi and 
Karimata, near Batu Bessi, Kapuas, Kandarwangan , J'adjihi, and between Siluas and 
Hiclm ; and in Eastern Borneo, at Kusan, and Kutej. Iron was also formerly manufactured 
Hi Itorneo, but the industiy virtually succumbed to the competition with European iron 
about the middle of lost century. Iron ores are widely distributed in Sarawak - par- 
ticularly at Jlidjang. In Brunei iron ores occur in the basin of the River Barram ; in 
Sabah near Kudot, on the hills between Tunder Batu and Punguh, and near Pinunguh. 
In Slam 71 in ancient times there was much iron mining and smelting, hut at present very 
little is done. In Celebes , 74 there are deposits in the Lacona district ; and in Sumatra , 7 * 
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then* are large deposits in the Lampong district. Jn Timor, iron ore occurs in IjaIpi'a, 
Portuguese Timor, and chrome iron ore in Dutch Timor. There are occurrences on the 
Lesser Sunda Islands, 7 ” c.g. Flores, There are deposits of magnetite and hsmatite on the 
Philippine Islands 77 in the eastern cordillera of Luzon — in the Bulucan province, at Santa 
Inez, Riznl province, on the margin of tho Mambulao-Paracale district in Camarines, etc. 
There are lateritic ores in the Surigao province, Mindanao Island. Jn Hong Kong 78 
and territory there are the Ma-On-Shnn deposit, and occurrences norlh-west of Tide 
rove, between Kam-Tin and Tsin-Wim. and north-west and south of the Lan-Tau 
Island. In French IndO-Chlna , 70 there nro deposits of iron oro at Cii-van, and Thai- 
Nguyen in Tonking; at Thnome-Dek in Conibodia; in the provinces of Vinli, Quang-tri, 
Quang-Ngai, Quang-Narn, and Ha-Tinh. There are deposits of chrome ore at Van-Am, 
and Nui-Nuu, in Thanh-Hoa ; and titaniferous iron ore at Pagoda Point. There are 
reports of iron ore in Thibet , 80 particularly near Chiamdn. In Chins , 81 iron ore ranks 
next in im|iortance to coal, the most important mineral. The largest iron mines are 
at Huangeliihkang, and Wuchang in Taveli, Hupei province, where a good quality lucrnatite 
is treated. In the province of Shansi the deposits are somewhat irregular in quality and 
Are suited to uatrio methods of working, but not to modern blast-furnace work on a largo 
scale. Jn the province of Manchuria ore is worked ort a commercial scale at J’cnchihu 
or Pcnhsihu, and native methods have been employed at Tiehling ; there are deposits 
near Lisbon, Aushan, Haicheng, Fushun, Hsiuyen, Kirin, and Sansing. In Uio province 
of Anhui there is a large mine at Tnochung, and there are mines in the Tangling district. 
Tn the province of Shantung there are deposits at Paoshan, Ohofoo, and Chungjmchwnng. 
Tliere are iron ore defjosits in the provinces of Shensi, Chihli, Kiungsu, Honnm, Szechuan, 
Yunnan, Ivewichow, Hunan, Kiengni, Chekiang, JMikien, K wan lung, Kwangsi, and 
Mongolia. There are deposits of iron And coal in tho north of Manchuria.** There arc 
numerous iron ore deposits in Japan 88 ; there are magnetite ores in the districts or pre- 
fectures of Adzumadaku (Aomon) ; Rogi, Jvebaraichi, Kam&islu, and Hitukabo (lwate); 
Kmnichuku (Fukushima) ; Kamo, and iligushi-Kambara (Niigata); Nakakosnka 
(Toschigi) ; Kahim (Fukui) ; Mikato (Hiogo) ; Dorogawa (Nava); and Vnnugigaura 
(Oita). There arc micaceous iron ores at Senmn, and Omoyo (lwate); Okuzu (Akita) ; 
Aone (Mi vagi) ; Nnrabam (Fukuslnma); Akadani, and Sodeyaino (Niigata) ; and Ito 
(Shi mane). There are ml iron ores at Yotiai, Asahishi, Jsngozawa, and Yanagnwa (Jwnte) ; 
Aki, Anani, Soabji, Konotani, and Oyashiki (Kochi). Tho brown iron ores of Japan occur 
at Abuta, and Wakntasapu (Hokkaido) ; Kotaki, Naone, and Taro (lwate) ; Yanahara 
(Okayama); Takuta (Hiroshima); Ofuku (YamagucJii) ; Hirao (Oita); Kawatana 
(Saga); Maski (Miyazaki); and Makisonc and Makurasoki (Kagoshima). Iron sand 
occurs in tho provinces of Jzumo and Jwaiui (Kluniane) ; Hokj (Tottori) ; Aki and Ringo 
(Hiroshima) ; Uitohu, Hizen, and Mimasaka (Okayama) ; Kikucliu (Jwate) ; Ugo (Akita) ; 
Mutsu and Hokkaido (Aomon). The principal p\ rit-c mines are at Limoii (W akayanm) ; 
Yanahara and Hisagi (Okavnma) ; Takara (Yamanashi) ; Kucho (Yehune) ; and 
Kamaishi (lwate). Jn Corea , 81 there are mines in the provinces of Wheng-hai, Knkai, 
Phy&ng-an, Heian-nan, and Keiki. Iron ores occur abundantly in Siberia.** Jn western 
Silieria there are deposits m tho Tomsk region. There are regions at (lurevskoc, at 
Altai, at Abakanskoe in the Minuom*k region, near Karkaralinsk, and near Tyumen in 
tho Tobolsk province. Jn eastern Nibena there are deposits near Hratski-Ostrog, m the 
valleys of the Yenisei Kiver and its tributaries, in the valleys of the Upper Lena and 
Kirenga, near MiaoHvk, and on tho Tsagan-Klmntei range. Iron ore is found in the Nerchinsk 
district — e.g. at ltaloginsk, or Balynziusk. Iron ore is abundant around Yakutsk. There 
are deposits in the provinces of Amur, Maritime, and Anadyr. There are deposits at 
Bielaya-Uora, and at Sergievsk, Sudzukhe, Olginsk, Kamchatka, and north of Russian 
Sakhlin. 

Africa. — In Morocco , 80 there arc ores supposed to bo of minor importance near Oudjda, 
Djebel Hodrid, the valley of tho (him er Rehra, the Atlas region, Ida ou Mahmoud, the 
valley of the Segsaoua, lrniningount, Djobol Figuonni, and Tagelt, all under French in- 
fluence ; and near Melilla, under Spanish influence. In Algeria , 87 in the department of 
Oran, there Are deposits near Sobabna, Rar-el-Maden, in the I3eni-8af region, at J'lristel, 
and a few smaller places. Jn the department of Algiers there are rich ores between Cape 
Tc'inta and Cherchel, at Djobol Hadid, Temoulga, Rouina, Zaccar, Miiiana, in tlie Blida 
dint net, near J^ondouk, and at A ‘in Oudrer. In tlie department of Constantine there are 
deposits botween the Soumman and Agrioum valleys, in the neiglibourhood of Filfila, in 
tlie Ain Mokra region west of Hone, Ouenza, and Hou Kadra. In Tunisia ,* 1 there are 
deposits in (ho Netzus region, at Douaria, Raz-cr-lladjel, Djerissa, Slata, in the ilarraba 
and Hou Jaber mountains, at Djctiel Onk, and noar Kef. In Egypt, 8 * in south-weBt Sinai, 
thorn are ores near Wadi Malha, Wadi Halliq, Nash, and Wadi Baba. In south-east Sinai 
there are ores at W'adi IJm Agraf. There are ores in the north -east desert on tho seaward 
slope of tlie northern Oallula range, in tlie Red Soa hillH, in tho hills about Wadi Abu 
Marwat, and in tho Wadi Aliu Jorida ; in tlie south-east desert in W T adi Suegat, and near 
Jil Rangft Jn the western desert oasis there are ores near Haliaria, and at Uebel Ghorabi 
(Haven Hill), The Nubian sandstone is highly ferruginous. There are some deposits of 
iron in Syria . 80 In the Sudan , 81 there are deposits in the Tokar region, in the province ot 
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Bahr-ei-Ghazal, the Upper Nile, and Mongalla, near Wadi Haifa, Kerma, and Dongola. 
The natives of south and west Sudan have smelted lion by primitive methods for many 
years. Iron ore is widely distributed tliroughout Abyssinia 03 The deposits in the 
provmce of TignS in the hills around Addis Abhaba (Addi-Abbas) and the Enarea region 
are worked by the natives. Deposits have lieon reported in the Harrar (Harar) district 
at Hamoresaa, GobeJi-Ainoressa, Giarso, and near Boubassa In Kenya , 01 formerly the 
British East Africa Protectorate, iron oic has Iwen reported near the eastern border of the 
northern frontier distucl, and near Buttelu lion ores- particularly lunoiute - are 
abundant in Uganda , 04 < y near Kige/i, and r l ororo In Tanganyika, 0r > formerly German 

hast Afina, there arc* deposits on the west of the Huudussi mountains near Morogoro, in 
the districts of 1 panguu, Ruanda, and otlier places between Victoria Nj an/-a and the north 
ot Lake Tanganyika have lieon worked by the nntivos . so also with deposits south-west ot 
KuiiSHimbi, the Mutaie mountains, and west Ruanda There are lalcute deposits west of 
the Mum ha mountains, and At Karambo, west ot the Muwissi mountains, in the Tnssenunn 
Mountain Pass, on the Rumulana mountain, etc Iron ore oecura on the Kmgn or Living 
stone mountains, on the Liganga lulls, in the Mahengo district, and m the Mkatta steppe 
'I here him nc h deposits near kareina In the Nyasaland 06 protec t orate, the oies ore c hiefly 
lucmaldt and magnetite 'I here are clt posits on the Maiigm lull, the Ponhonyoma valley, 
the burribu distnct, the Namitawa Hills, north of tho Northern Kukiuu River, east of 
Panvannle in tho Namahuido district and the Malmguudi Hill In Gabo Delgado, or 
Portuguese Nyasaland, 8 ' iron ore has been repotted about the T ujenda and Rovuma 
incurs In Madagascar, 0 h non oie occurs abundantly e q in the Ambatolnoim region, 
and deposits ol titaniforous ore in tho Betsinry region, and nurtli of Tamntavo In 
Mozambique , 00 or Poitugucse Last Africa, there are deposits ol non ore in the Tete 
dislnct, in the Manic a regum with its cenlrc at Massikopsi, orMacequece There aro here 
evidenced of extensive ancient workings partuulaily m the Invamukurakara valley. 
Deposits have also l*etn found cm tho sides ol tho Lusife valley, and the distnct of Mutual 
in Swaziland, 100 there are siliceous non ores in tho neighboui hood of Rigg s Peak, and near 
the bolder with Transvaal In Rhodesia , 101 deposits of magnetite occur in the* north, and 
thoie aio lntente deposits noai Lek Bangweolo In tho soutli there are pisohtic lunomte 
deposits on the surface, and ironstone in tho Kalahari, karoo, and Lomagundi regions 
Handed ironstone , etc , or curs between Uwc lo and Umvuna, noar Quo Quo, bhangam, and 
Sabi valliv, and t hinimfoioiiM or titanifcruus magnetite* occurs near bolukwe, llinvukwe, 
Lalapan/i and H* lmgw e AccordingloA J V M olvn cainc, the iron out c rnps in Zambcsia 
wort worked i\Uiim\o 1> by tho ancients In the Transvaal , 102 there are beds of titani 
feroiih iron cue near Ondcistepoort, at Maguet Heights ui the district of Lvdenburg, and in 
the Magulakwin \alh\ ( hrome iron oie occurs midway between Lydonburg and Pieters 
buig, near Ohngstad Magnetito quurlzites occur near I 1 ret oil a, l'ote hc-fstioom, \irhe, 
Ishoig, Lulukop, and Ermelo Haematites occur mar Malelane, Middlcburg, Pullenshoop, 
Bow hinanskop, Lvttloton junction, the \VaferlK*ig distuet, Crocodile River distnct, 
Donkeipoort, North Kustenburg district, and liotwecn Rhenobtc rfontam and Krnmdiaai. 
In Cape Province , 101 iron uro occurs in the Ixsds extending 270 miles fiom the PneskA 
division to Boch nan aland. In Natal , 104 there aro siliceous non oies iu the noitli part of 
tlu Uiylioid district, in Zululand, and af Isibuderu; and titainferoiis magnetite in the 
I ugela valloy Tfiere are lmionite, haematite, and magnetite* ores north cant of Dundee, 
at Roouiberg, noai Mount Kelly, and at Sweet waters There am surface deposits of 
piHohtir iron oie on tho plateau west of Alvei at one, tho eastern slope* of Hathonfs Hill, 
the* town lands of Pietermaritzburg In South-west Africa, 10 *’ thoro aro deposits north- 
woat of Ralkleld, west of Kaokoveld, south of Great Namaqualand, in Bostardland, and 
east of keotmanshoop. In Angola , 106 a Portuguese possession, non has Ikm n found in 
the valley of the Lukalla, and in Hailundo There ib also lion ore in Portuguese Guinea, 10 " 
some of which him been woikod by the natives on tho Corubal River ; likewise inMadoua 
iron oro occurs near Ponta do Sol Iron ores are widely distributed m tho Belgian Congo . 100 
There are deposits near Katanga, near tho Luulalm River, in the Kasei region on the 
northern slopes of the Angolan plateau, and in the W elio region on the north east plateau. 
There are also deposits in the Mamema and Lake Kivu region In the French Congo , 100 or 
1' touch Equatorial Afina, iron ore has been reported in the region south of the Nian, on 
the right bank of the Juo or Djoue River, between Brazzaville and the sea, ns well ns tail her 
south near Boko Congo Jn the French Cameroon , 1 10 formerly German Kamenin, non 
ore occurs near the Sanaga River, and near Yabasci , also in Laka, and in llio Mandara 
mountains In Frenoh West Afriea , 111 latento occurs in French Guinea and in Ivory 
('oast , t it RTufermis magnetite, and luomatite occur in Dahomey In 1 ogolnnd masfiivo 
Jupinatite occurs at Banyeh, in the Sokede-Bossan district Latentu iron ore is abundant 
lf J Upper Senegal and Niger. Hematite occurs m tho \ atonga dislnct, and on the banks 
of the Bakhoy in the Mandmgo distnot lion cue is said to occm in the Tnpnnt and Ijil 
districts in Mauritania, whore traces of native workings have boon found In Spanish 
wlliJW ,1,i tliere are ores in the regions of the Mum and Utamhom rivers, and on tho island 
of Fernando Po In Nigeria , 110 there are inqiortant deposits on Mount Patti, and others 
in the northern part of Basse province- t y Assadam , in the Muinuye country in the 
Mun province, There ore deposits at Pangum, east ol Bautin. Okuruku, in the Kabba 
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province, and there are iron ores at Atika, Anamu, Bangedde, between Jakura and Wa, 
Okeli, Ogein, Akwi, and Ojerarai In northern Nigeria there are deposits at Oyo in the 
province of Lagos, and near iBeyin and Odo Ogun, west of Oyo ; also on the hill-slopes 
between Bali and Bamenda. In the Gold Coast , 111 tlie clay ironstone east of the River 
Volta has been smelted by the natives at Dagoznbo, Pampamba, Buein, Kotokori, Ganna, 
and Mossi. There are also deposits about Akpafu, Togoland. In the negro republic, 
Liberia, the iron ores are in somo cases worked by natives. Deposits occur near Monrovia, 
at Pape Mount, in the Finley mountains, and near Careysburg. Nearly all the inland 
territory remains unexplored. In Sierra Leone, 1U there are lateribic ores along the inner 
margin of the coastal plain — near Devil’s Hole, Waterloo, between Freetown and Tonibo, 
and over a large part of the Koinadugu plateau. Titaniferous magnetite occurs on the 
western side of the Bathurst Mountain. In Gambia iron has been found in the cliffs of 
Kossoun, and Sami Tenda, the Kossema plateau, and the hills of Medina and Eda. 

In Greenland, 11 ' telluric iron ores have been reported at Disco. 

North America. — In Canada , 117 there are numerous deposits of iron — magnetite, 
titaniferous magnetite, ilmenite, haematite, limonite, and siderite. In Nova Scotia , 11B 
there are deposits in the Nictaux-Torbrook area, in the vicinity of Clementsport, Margarets- 
ville, north of Middleton, between Chute and Young Coves south-west of Mount Hanley, 
and north of Annapolis. There are also deposits in the Hants County in the Goshen and 
Rocky Brook areas ; in the Colchester County in the areas of Brookfield, Clifton, and 
Londonderry ; in the Pic toe i County in the Sutherland-Meikelfield area and on the 
South McLellan Mountain : in the Antigonish County in the Arisaig district, near Brown’s 
Mountain, at Lochabar, North Lochabar, Pinkie Town, Soldiers Grant copper mine, Ireland, 
Poison Lake, McNaughton Brook, Poison Brook, and Caledonia Mills, in the Guysborough 
County hematite has been reported at Erinville, Atwater, Guysborough, Moon Point, and 
Bigsby Head. Magnetite and hematite have been found in KingB County and Digby 
County. In Cape Breton County there are deposits on the Coxheath Hills, between 
Sydney and East Bay, at Ixmm Harbour, Grand Mira, and the Rarachois area. In 
Inverness County there are deposits on the slopes of Skye Mountain, and at Iron Brook, 
at Campbell’s Brook, at Logan Glen, and at Upper Glencoe. In Richmond County a 
deposit of specular hematite and magnetite occurs at Robinson Cove. In New Brunswick , 1 19 
the deposits of iron ore are rather poor. There are occurrences in the counties of Gloucester, 
Carle ton, Charlotte, Northumberland, Queens, St. John, and Sunbury. In Quebec,' 9 * 
iron ore was mined and smelted under the French regime in the eighteenth century. In the 
Argentenil County magnetite occurs near Grenville ; in Compton County, near Spalding ; 
in Gasp6 County, on Gasp6 peninsula ; in Megantic County, near Leeds ; in Ottawa 
County, near Hull, Ottawa City, and Templeton ; in Pontiac County, near Chats Falls ; 
in Beauoe County, between the Plante and Gallway rivers, and near Beaucevillo ; in Lake 
St. John County, on the Alma Island, near Keno garni, andBourget in Saguenay County, 
near the Bay of Seven Islands, the Natashquan and St. John rivers, and on the north shore 
of the St. Lawrence ; in St. Maurice County, near St. Boniface do Shawinigan ; in Terrebonne 
County, near Beresford ; in Charlevoix County, near St. Urbain, and Bale St. Paul; in 
Wolfe County, Ham Township, Bersimis, Moisie, Mingan, and Natashqwan ; and in 
Ungava, in Long Islands, Belcher Islands, Nastapokan Islands, Hopewell Islands, and 
along the Koksoak and Hamilton rivers. In Ontario, 191 the production of iron ore exceeds 
that of any othor Canadian province. In the Rainy River district there are outcrops 
of magnetite and pyrrhotite along the Atikokan River between Kawcno and Atikokan, 
on Hunter’s Island near Knife, Cypress, This Man’s and Jasper Lakes, near Watten, 
Halkirk, and the Seine Bay ; in the Kcnora district, along the Winnipeg River between 
the Lake of the Woods and English River, west of Lake St. Joseph, near Lake Minnitaki, 
Dry den, and Bending and Keewatin Lakes. In the Patricia district, near Lac Seul, 
Lake St. Joseph, and Sutton Mill Lakes. In Thunder Bay distrirt there are deposits 
on the Mattawin Iron Range, near Kasliaboiwe, Loon Lake area, the Onaman Iron 
Range, and west of Windejokan Lake ; in the Algoma district there are deposits north- 
west of Michipicoten harbour, the Brant Lake property, the Alico property, Algoma, 
near Doroohe, Bellevue, Aweres, Macdonald Meredith, and Aberdeen. In the Sudbury 
district there are deposits near Nemegos, the Woman River area, Ridout, north-west 
of Lake Sahkatawichtah, Wakami, Groundhog River area, and Moose Mountain. In 
the Timiskaming district there are deposits in the Mattagami River area, the Opasatika 
River area, near Munro, Warden, Leonard, Boston, Otto, Dock, and Letehford. In the 
district of Nipissing there are three iron ranges at the north-eastern ann of Lake Timagami, 
near Matagoma Point, Austin Bay, east of Emerald Lake, and Huron Mountain west of 
Lake Manitopeepagee. In Haliburton district there are deposits near Lutterworth, 
Snowdon, Glamorgan, and Monmouth, in Peterborough County, near Anstruther, Belmont, 
near Crow Lake, and Chandos ; in Hastings County, near Carlow, Faraday, Dungannon, 
Mayo, Wollaston, Coehill, Tudor, Gilmour, Marmora, and Madoc ; in Renfrew County 
near Grattan, Hlitlifield, Calahogio, and McNab ; in Frontcnac County, near Soul Ji Oanonto, 
Palmerston, and Bedford ; in Lanark County, near Levant, Darling, White Lake, Dal* 
housie. South Sherbrooke, Christie's Lake, and Bathurst ; and I<eeds County, near North 
Crosby, and South Crosby About Mud Lako. No important deposits of iron ore have been 
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found in Manitoba, 1 ** but turn ore has been found north of the Riding Mountain, and in 
the Assuuboine valley, about Knee Lake, Rice Lake, and Star Lake, and Black Island on 
Winnipeg Lake in Saskatchewan, 1 ** theie is a deposit southeast of Black Bay, Lake 
Athabaaka in Alberta, 12 * there nro many deposits hut none has been found of sufluicnt 
si^e to warrant < ornmertial development- c g along the Red Deer Hivei, tlie Peace River, 
Hlmba&ka valley, north of Lake Atliabaska north east of Black Bay, at TV.U Lake neai 
Rod l reek, Blairmoio and Sheep River near Calgary in British Columbia ,2S very little 
non 010 lias Inch produced in Vancouver and adjacent islands there are deposits up 
Nixon Creek near (owirhan Lake, near Port Renfrew, ni Port San Juan, Malahat 
Mountains , tlio Slmwmgan Lake slope on Salt Spring island, and south west of Van 
comer island In the Albemi Mining Division there are claims located near Anderson 
Lake Uclucklesit Ray, 1 zartos or Copper Island near Clifton Point, Santa Maria island, 
»oai C ape Beale, and Broughton Range , in the Clayoquot Mining Division near Bead Bny, 
Kennedy Lake, Hesquiat Haihour, and Maggie Lake , in the Quatsino Mining Division, 
near ( oal Barbour , in the Nanaimo Mining Division near NimkiBh Lake, and north of 
tho Quinsam River , onToxadA Islands, extending lrom Raven Bay to Pocohontas, and to 
Sturt Rav , on Queen Charlotte Islands — -Graham ixnuse, and Moresby, in tho Atlin 
Mining Division on Rant Mountain , in the bkeena Mining Division, on lion Mountain 
in the Omin< c a Muling Division, near the head waters of Summit ( reek , m the Bella Coola 
Division on the north of Rivers inlet , in the ( lint on Mining Division, in the Taseko 
valley the Schwartz vallev the 1 rank Lott \allc\ and the iron Creek valley, in the 
T llloott Mining Division, near Pemberton Meadows, in the Ashcroft Mining Division, 
east of J hompson River near 1 vtton and at (lie he ad of Nelson Cieek , in tho Kamloops 
Mining Division at C lieiry Bluff, in the \uola Mining Division, near Nicola, in the 
VIhoii Mining Division near Kitchener, and in the 1 ort Steel Mining Division at Bull 
River Lamb C m k, and Sand Creek Iheio arc many varieties of iron oiein Newfound 
land 1 * two ol the largest iron mines in tho world are situated on the noith western shore 
ot Bell Island, in ( om option Bay 

I In United States 1 iron industry dates from the early years of the seventeenth 
( * nt ui \ ] C Le *el divided the e ountry into four groups foi e onvt nu noe in c onsidr ring 

the production ot iron on 

I J)h I ah iS upuwr Iitqion includes the states of Minnesota, Michigan, Wisconsin, 
and lowu In tlio \ ormiliou district, north east Minnesota, there aro oros near lowei 
Soudan and h ly « in the Mesabi Range, also in Minnesota west of Lake Superior deposits 
occur near the towns of Biwabik, Evoleth, Virginia Chisholm, Hibbing, Nashwauk, and 
( nkiaine , in tho Cuvuna district there is an area 05 milt s long and from less than a mile 
to 9 miles in width extending south west from the west of Dulmuth The Gogebic Range 
is south of Lake Superior and extends m Michigan and Wistonsin The most important 
part of tlio non un diHtmt lF^in Michigan although two thirds of tho formation extends 
into Wisconsin I lie Menominee Range includes iron Mountain and Norway, and it lies 
wholly m Michigan The Marquette Range extends from Marquette on Lake Superior to 
Lake Michigan and it lies wholly in the state of Mu lagan I here is a deposit of iron oie 
near Wankcm in Allamakee County, Iowa 

II The Southern Rcqion 111 includes the states of Alubama, Geoigia, North ancl South 
Carolina, \irgima, West Virginia, Tennessee, Kentucky, Maryland, Arkansas, Louisiana, 
Missouri and 1 exus The mam source of supply of iron ore ot the Southern States is the 
rod oolitic ores oi the so called C linton haematite I lie ores resemble tho nunolte om of the 
I orrainu Luxemburg area in type l?ut they have a different geological age The Binning 
hum distric t is situated in the valley region of Alabama, on the oast side of the Coosa < oal 
held, and the W arnor coalfield on t lie noith west The area covered is 75 miles in length 
and 10 miles in width Binningham City is near the centre of this aiea E C Erkd 
estimates that theic are about a thousand million tons of red iron ore in Alabama in the 
( hattanooga Vttalla region the red ore has been worked m mines extending from Attalla 
and ClAdHden (Alabama) northwards to Chattanooga In the Tennessee Virginia region 
tho iod cire extends noith east across lennessee from Chattanooga to Cumbeiland Gap 
where it enlers \nginia In tho Appalachian valley district brown lion oies occur as 
scatteied deposits I here is a productive belt beginning in Vermont and following the 
boundary of that state and of Now York The belt continues along the boiders of New 
>ork State with Massachusetts and Connecticut, and after a bairen interval reappeais in 
eastern Pennsylvania, when there is another barren stretch and the ore roAppnars in south 
woNt Virginia and runs across lennessee and Georgia into Alabama In the Tennessee 
River drain a go aic a the ro is a region where biown iron ores occ ur in north west Alabama 
middlo Tennc ssoe and western Kentucky The area is drained by the rennessoe River and 
its main tnbutancs In north eastern Texas there are many deposits ol brown iron me 
in a tnangulai n gum approximating 10 000 sq miles It is bounded un the north bv 
an irregular line lrom Sulphur Fork, Cass to, extending west and south through 
Dangerheld, Morns Lo , to a little south ot Quitman, Wood ( o , on the west it extends 
soutliwaicK jrre gulai1> thiough tho west side of 8mith ( o , tho oast side of Van Zandt ( o , 
and Hcndr ihonl n the t untie of Anderson C o , west oi Palest mo and south westerly to the 
Ura/os River near Hearne The southern limit crosses the I unity River near Cioc koll, the 
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Neelies River near Augusta, and the Sabine River, north-east of Sabine Co. The crystal- 
line rock area east of the Appalachian valley includes magnetites, specular haematites, and 
brown ores. It includes the magnetites of Cranberry, North Carolina ; the magnetites 
and hairaatite of Fittsville and Rocky Mount, Virginia ; the magnetites of Carter Co., 
Tennessee ; and the brown gossan ores of Duck town, Tennessee ; deposits of magnetites 
in Llano Co. and Mason Co., Texas. There are titaniforous and non-titaiuforous magnetites 
in the west of North Carolina. The deposits of iron ore in I^ouisiana consist mainly of 
Iimonite. 

117. The North-Eastern Region 1,0 includes the states of Now York, Vermont, Now 
England, New Jersey, Pennsylvania, Indiana, and Ohio. There is ilie Adirondack region, 
which includes deposits of mAgzietite. It approximates 12,000 sq. miles, and is situated in 
the north-east of New York State. There is also a deposit of titaniferous magnetite in the 
north-east comer of Rhode Island. The New Jersey and New York liiglilands include a 
belt of magnetites extending in Putnam Co. and Orange Co., New York State, anil north- 
eastern New Jersey. The north-eastern states region includes brown iron ores which 
occur in western New England, south-eastern New York, northern New Jersey, and south- 
western Pennsylvania. The south-eastern Pennsylvania region contains magnetites. It 
includes a belt passing through New Jersey and across south-eastern Pennsylvania. New 
York and Pennsylvania regions of the Clinton red ores extend from the central part of 
New York btate to the Niagara River, and continue for some distance beyond into Ontario, 
Canada. The Western Adi ron docks includes a scries of deposits of red h&'iiintitos extending 
along the western flank of the Adirondack region in St. Lawrence Cn., and Jefferson Co., 
New York. The Ohio and Pennsylvania carbonate ores are associated with the carboni- 
ferous rocks of western Pennsylvania anil Ohio. 

IV. The Western Region 1,1 includes the eleven statos lying to tliu west of the eastern 
boundaries of Montana, Wyoming, Colorado, and New Mexico— that is, these four states 
along with California, Nevada, Washington, Arizona, Utah, Idaho, and Oregon, in nil 
alsmt one-third of the total area of the United Staten — but it produces only about 2 per 
rent, of the total output of the country. Most of that is from the Hart villi) region, \V yoiinng ; 
tho deposits of iron ore are Bituated in Lararnio Co., near Guernsey. There are large 
deposits of iron ore in Iron Co., southern Utah. There are two nunuig areas, Iron Springs 
in the north of the state and Pinto Iron in the south. Some iron ores "have boon mined 
ui Colorado and New Mexico, but the productive arras are approaching exhaustion. The 
iron ore deposits in the remaining states - California, Nevada, Washington, Idaho, Oregon, 
and Montana — have not been exploited to any great extent. The known deposits are 
numerous but small. There are tho iron sands on the Pacific Reach described by 1). T. Day, 
and TJ. V. Winched. Tho iron ore deposits in Alaska ,sa have not received much attention. 
There are deposits near Nome, Seward Peninsula ; on Hinrlnnhrook and Knight Islands, 
Prince William Sound ; and near 1 1 nines, Sitka district. 

Very largo deposits of iron ore occur in Cuba. 133 On tho south coast, in the clistnil 
about. Santiago City, Jiigh-grode ores have boon regularly worked since 1884. The ores 
are magnetite and haematite and they are chiefly worked at Sevilla, Kimieza, Jiaiquirri, and 
Berraco. On tho north coast there are deposits of brown iron ore. In tho Orient o 
Province, formerly Sanliago do Cuba Province, at tho eastern end of the island, there are 
the Mayari and Moa ore fields, from the former of which is obtained the so-called Mayan 
iron. The following is reported to represent tho composition of typical Mayan pig iron ■ 

0 Mn T B NI,Co Or V Ti fu 81 

467 0*90 0047 0011 I >30 2-00 000 0 18 0 030 0-80% 

lp the south of the Oriente Province thore are deposits in tho Daiquirri area and in the 
Firmeza district ; while in the Camaguoy Provinoo thore arc ore deposits in the Cubit as 
area north of tho Camaguey City. In Haytl and Sin Domingo , 114 beds of Iimonite have 
boon reported ; beds of liinomto also occur in Porto Rico , 115 east of Mayaguez. Specimens 
of haematite and magnetite have been found in the Northern Range of Trinidad , 110 and 
there are deposits in the Maraccas valley ; red oxido in the district of Oropuclie West ; 
and a brown ferruginous sandstone in La Brea. The iron in the rocks of Bermudas 197 was 
discussed by W. L. It. Ernmot. 

There are numerous deposits of iron ore in Mexico 140 ; only a few of them have been 
closely examined or worked. There are the Cerro de Mercado, or the Iron Mountain, 
north of Durango ; Las Truchas and Calvaric in the state of Michoacan ; El Mamey in 
tho state of Colina ; Los Vegas, near Vera Cruz ; near Monterey in the state of Nuevo 
Loon ; MoncJova in the state of Conliuila ; and Tcquesquite on the isthmus of Tehuantepec. 
In Honduras , 131 high-grade magnetic ore occurs at Agalteco, and deposits of iron ore occur 
in tho district, of J'etoa, in the department of Santa Barbara. In Nicaragua , 110 there uro 
large deposits of iron ore in the Pis-Pis district. Jn Costa Rica , 141 there is a large deposit 
of iron sand on the Atlantic side of the republic. 

South Amerlea.~-ln British Guiana , 141 magnetic ironstono occurs in the district of 
Aruka Yarakita in the north-west; and ilmenitie black sands occur in many other places. 
In Dutch Guiana , 1 19 a laterite ore occurs in the Donderbary Mountains. In Brazil , 144 there 
are important iron ore deposits in Minas Geraos. The area contains massive hcematite, 
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specular haematite, and laminated micat ©ouh hsr inutile, with some conglomerates, as 
well as stream and gravel ores which require < onccntrution There are deposits at Pioo 
dMtabira do Matto Dent io, lVo d 1 1 tabira do ( om|K) f Santa Barbara, the central part of 
the Btate of Goyas, the San Fianciscu region of the state of Bahia, and the Coiumba 
district ol the stale of Matto Grosso. Magnetite occurs in the coastal region ot Sao Paulo, 
Parana, and Santa l atharma In Paraguay, 14 * iron ore is suid to bo abundant, there is 
hmomto between the 4pa and Aquidaban m ers , magnetite and hematite at Quiquio, 
Caapucu, and San Miguel In Uruguay, 148 deposits of iron ore hove been leportod at 
Zapuray, San Juan, and at Piedra del Giganti m Muiaa In Argentina, 147 a deposit of 
titoiufcrous magnetite occurs, but the known dnpoiit* are lew and infojior Magnetite 
occur* west of Alhigasta in the Sierra do Ant asli, and east ot Cerro Lacco m the provmce 
of Los Andes, and magnetite sands at Necochta and other pails of the Atlantic coast 
In Bolivia, 114 non ore has been icporttd in tl\e province of Santa \ua In Chile, 148 there 
uic man} deposits The liest known is the fofo dt posit in the province of ( oquimbo, and ax 
the same pro vim e there ate deposits near Juan Snldudo, Komeral, l > leito, Zapallo, IV jc rreyos, 
Ovalle, and Tllapol In the VntotagasUi piov me o thcie are deposit >» near Potieio north of 
Teltal v and m the province of Atacama them art dt posits mat Yiillcnai t </ Algarrobo, 
Ojch do Ygua, and ( hanai Qucinada and deposits iiphi ( hanaral, ( opiapo Tiorra Ymaulla, 
and Ho t rntuli'H distmt In Peru, lf0 the development of the non cue lias been handi- 
capped by the lack of Huilahlu transport J iieic arc dc posits at Mai conn, lluacruMlca, 
Aiju, and (allimanclm In Colombia, 191 time tut small, mac c essihli deposits near 
Aniaga Medellin, Witiquii Bogota, and 7ipaqmwi In Venezuela, 16 ‘ fln-rn mo deposits 
n1 Man m, at tin loot oJ the iinntu* a mountains ihc Me iia do Jimitni a, and Pum oa, up the 
Onnoi i 

Australasia. In Queensland, 1 1 then is u huge deposit at Mount Leviathan, oi the 
Black Mountain Mount Pm, Mount Philip 1 ounUiiu Uiingc, Mount Luc v, Iron Island, 
Disc n b ( av«H, Kabul, Mount Morgan, JroiiGuJIv, Ylma < i«k Pleasant t rick Riuombit, 
Drgalgil, Mam Peaks, Glavdord, ( ania Spruit link (mid Diggings, ( ubbage luu, 
Ki\ erst cm, Rolkston, ITltsworth, Biggeudtn, Mount Ituv, Pastern ( letk, and Mount 
Isa Jn New South Wales, 1 ** 4 there me deposits ol mm oio at ( numbing Puia ntai 
(anciiir I’udia Mittogong distnct, and t lialy bcab Springs T lie man mugne lit u deposits 
in the Gulpnng district, the ( oma distnct Brnula Kuugu, tho Malkmwang district the 
Gmilbum diatru t and lorn, t* uriah m Bciestord 1 1 unt\ Ihoio cue clay bind ores in the 
upper < oal incubuies in tho \\ allciawang and Lithguw districts, t apeutet* and t ailo h Gap 
distnct, at Kix Creek, Ravcnswoith, Westluuok ( iotk, mid illuwarra distnct I horo eue 
basaltic non ores in the ne ighbourliood of Mitt igong, bcnvral, Wingelln, ( ape rtco, between 
Mosh Vale and but tin 1 orest, und m the New Liigland district 1 litre are nuse ellantous 
deposit h luMillmng, Aigylc c ounty, ntai Gobonduv, lulbiugai m Bligli county, Goulbuin, 
Bherueioc in St Y intent county, Walk, Lvndlmrhl Harnptuu, and Jvc nilwoitli Man dun 
Molnng disLuc t, VYyuldiaiii Phillip e ountv, liitlio dislrntsed Newbridge, Uluvruy, Orango, 
Ry 1 stone, (. udgegoiig, and Pijier h I lat, and \Y allorawung There aie titamfe nms de posits 
north west of Port Stephens, and aluminous dc iio^its at \\ mgello In Victoria, 1 there 
ait' depuiMtH of non on* on the south western slope Oi Mount Nowa Mount J aia Alberton 
West, Mirboo, Leongatha, San Kemo, Grantvilh , Sandstone Island, Mount Major, and the 
VMulJield diHtnct In South Australia," 8 there uic deposits at lion Knob and lion 
Monarc.li, west south west from Port Augusta, ncai \\ illiainslown, near Victoria Barbour, 
Mount Jagged, Koolka, near Quoin, south ol Muigaiy t India YYinu, aud Moonta In 
West Australia, 187 there are lenticular lodes oi Jnimutito with quartz gangue associated 
with (lystallino schists and allied io<ks on the) Kuolan and Cockatoo Islands, \ampi 
Sound, aiound Kinibciley, Pilbaiu, Ahh button Mount Edith, Miminson district, 
Weld Range*, W T ilgie Mia, Mounts Taylor, Hale, Matthews, Yarrameodco, and Gould, 
Uahamntha east ot Nanvnne, Edjudmu and houth wist of Lake R Beside, Mount Mason, 
Mount GibHon, and boutliem Crow There are lodes of goothito toiinmg the weathered 
poi lions ot pyules and pynhotite beds with magnetite and ferruginous siluales at Mount 
( aud an mid Koolyai robbing Thoie are superficial deposits of blown lion ores with a 
gangue ot gibbsite, clay, oi quartz lomiing inassoa assoc rated with femigmous latmites at 
narkline, Waterfall, and Comet Vole Tluue are^ also soft, poious dnposiN of bog ore oi 
tec ent ongin along the southern und western < oast lino ot the state, and also on the eastern 
Hide of lloidsinan Lake In Tasmania, 198 in the Beat onsheld distuc t, there aie deposits on 
Brandy t leek, Sugar Loaf, Mount Vulcan, Scott s Hill, and Barnes -Hill In Dial Range' 
and along Penguin Creek there is non magnetic red hguuatite, and also m the Iron ( litl 
lode There is tho Blythe River iron ore deposit of red hffimatite . the Rutherfoiel non 
lodo of led hematite , the Long Plain iron ore , the Zeohan deposits and Nelson Rjvoi 
deposits Iron ore is known to occur in Papua, 198 in tho Mount Locus area, and also 
ncai the Kebenau liivei in New Guinea 180 -formerly Kaisoi YVilholmsland H Cayley- 
YYobstei mentioned a native iron-forge vchich lie found in the Kei Islands Tho bellows 
consisted of two bamboo cylinders 3 it, high, with bunches of featheis on sticks to form 
the pistons There are ulso good deposits of iron ore in the French island of New 
Caledonia. 141 There are a number ot deposits of non oro in New Zealand, 14,1 but only 
that at Paiapaia, neai the north- wost comer oi tho South Island is woikod , and there are 
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beds of iron sand on or near the coast in many localities of the western coast of the North 
Island. There are deposits of minor importance at Waitangi River, North Auckland, at 
Capo Kerr, and in the Greymouth area. There are also small deposits at Kaw&kawa, 
and Mount Royal. Palmerston. Chrome iron ore is reported on the Dun Mountain, near 
Croixelles, and near Milford Sound. 


The world’ 

s production 

of pig-iron has risen enormously in the 

past quarter 

of a century. 

It was, in metric tons : 
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The results for 1925 in more detail are : 
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E. C. Eckel 163 gave the results indicated in Tables III and TV for the output in metric 


Table III.— The World s Production of Pio-Iron. 
(In Millions of Tons) 
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Table IV. — Comparison of the World's Metal Output and Values (£. C. Eckel). 


Metal. 

Output — metric 
tons. 

Output — per- 
centage tonnage. 

Output— per- 
centage value. 
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tons, percentages of the world’s metal output by tonnage, percentages of the world’s 
metal output by value, and the selling prices per ton, with iron unity as basis. 
S. G. Koon’s estimate of the world's production of pig-iron, in thousands of gross 
tons, is indicated in Table V ; and of steel ingots and castings, in thousands of 

Tahlk V.- The World’s Production of Pio Iron. 



1013. 

1021 . 

1021 ). 

1928 . 

1929 . 

United States 

30,906 

16,688 

40,361 

38,156 

42,614 

Canada 

1,015 

610 

909 

1,039 

1,090 

Great Britain 

10,260 

2,016 

7,440 

0,611 

7,580 

France 

5,126 

3,392 

6,380 

10,097 

10,439 

Belgium 

2,445 

858 

2,114 

3,826 

3,970 

Luxemburg 

— 

955 

1,384 

2,724 

2.006 

Jtalv - 

424 

75 

265 

539 

664 

Spurn .... 

418 

244 

402 

565 

709 

Sweden 

732 

314 

207 

396 

484 

Germany 

19,000 

7,719 

4,857 

n,H04 

13,401 

Austria 

2,344 

220 

337 

457 

450 

Czechoslovakia 

— 

534 

738 

1,509 

1,643 

Poland 

— 

437 

512 

684 

699 

Hungary 

— 

70 

123 

286 

350 

Russia 

4,563 

112 

205 

3,274 

4,018 

•Tapan 

236 

042 

784 

1,508 

1,750 

China 

150 

126 

260 

400 

250 

India .... 

204 

371 

614 

1,051 

1 ,000 

Australia 

47 

352 

330 

420 

333 

Soar Territory 

1,371 

1.131 

1,005 

1,936 

2,088 

Netherlands 

— 

— 

— 

210 

256 

Miscellaneous 

200 

149 

200 

— 

— 

World total 

77,813 

37,437 

68,197 

86,760 

95,900 


gross tons, in Table VI. Over 95 million tons of iron per annum are being turned 


Table VI- -The World’b Production of Steel Ingots and Castings. 



1913. 

1921. 

J923. 

1928. 

1929. 

United States 

31,301 

19,744 

44,944 

61,644 

56,433 

Canada 

1,043 

669 

884 

1,239 

1,380 

Great Britain 

7,064 

3,703 

8,482 

8,520 

9,666 

France 

4,614 | 

3,010 

5,029 

9,387 

9,006 

Belgium 

2,428 

762 

2,260 

3,870 

4,039 

Luxemburg 

1,316 

742 

1,182 

2,610 

2,702 

Italy 

919 

689 

1,124 

1,910 

2,115 

Spain .... 

238 

394 

456 

734 

929 

Sweden 

582 

208 

267 

576 

083 

Germany 

18,632 

9,837 

6,204 

14,517 

16,240 

Austria 

2,585 

354 

5(H) 

637 

630 

Czechoslovakia 


903 

984 

1,992 

2,145 

Poland 



841 

1,114 

1,437 

1,398 

Hungary 

785 

163 

290 

478 

526 

Russia 

■r _ 

4,181 

311 

578 

4,246 

4,723 

Japan 

300 

830 

944 

1,519 

2,100 

China 

T j • * " * 

100 

47 

130 

300 

50 

Indi% 

— 

183 

215 

440 

600 

bralia 


209 

200 

439 

348 

1 Territory 

2,047 ' 

935 

981 

2,040 

2,174 

sellaneous 

100 

100 

200 

— 


World total . 

74,687 

44,624 

76,968 

109,780 

118,213 
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out of the blast-furnaces of the world, and the output is increasing. The prices of 
a standard blast-furnace iron — Derbyshire No. 3 fouudry cast iron -varied in 
Manchester during 1922-29 from £5 75 . lid. 1u £3 8a 0 d. per ton. 

Obviously this enormous output has made the curious wonder how long avail- 
able supplies of ore will last. Estimates have been made of the world’s reserve 
stocks of available iron in different countries—neglecting, of course, the unknown 
but assumed internal core. Pessimistic estimates like those of A. TO. Tornebohni, 
in 1910, say that if the consumption increases hereafter as fast ns it did between 
1893 and 1906, the available ten billion tons of ore with which he credits the 
w orld will be exhausted in about 40 years. If so, there is a prospect of an immediate 
iron famine, at which Burns might well have said : 

And forward though 1 ctimia see 
I guess and fear. 

There are also optimistic estimates, like that of E. V. Eckel, who considers that 
A. E. Tornebolim'h estimates are twenty times too low ; and that of H. M. Howe, 
who considers that the supply is incalculable, because as the richer ores become 
exhausted, poorer ores will be available, until “ a large bed of 4 per cent ore, perhaps 
even 2-5 per cent, ore, will become a veritable bonanza ” Bock with 2-5 per cent 
of gold is an extraordinarily valuable ore, and rock with 2-f> per cent, of copper 
is treated to day as copper ore. This subject has also been discussed by F Beysch 
lag, H. E. Boker, II. II. GampbelJ, J. F. Kemp, P. Krusch, L. de Luimay, W. Oechel 
hiiuser, G. Mehruens. D. Forbes, J. Debv, K. Akcrmann, and A Lindmunn The 
pessimistic estimate of A. E Tornebohni was perhaps responsible for the collection 
of data for different countries by different experts for the International Geological 
Congress held at Stockholm in 1910, and these reports were collected m the publica- 
tion The Iron Ore Resources of the World, Stockholm, 1910 II Sjogren sum- 
marized in Table VII the various estimates, expressed in millions of metuc ton", 
of the reserves for different countries; and M. Koesler’s icsults are .summarized 
in Table VIII. 


Table VII. — Summary or the Wouij/s Iron Ore Reserves (H. Sjogren). 
(In millions of metric tons.) 



Actual. 


1'otentJal 

Continent. 






Iron Orp. 

Mptal Iron. 

Iron Ur« i 

Mi-fal Iron. 

Europe 

12,032 

4,73a 

41,029 

12,085 

ArruTua 

9.855 

5,154 

81,822 

40,731 

Australia 

130 

74 

09 

37 

Asia 

200 

IDO 

457 

283 

Africa 

125 

75 

Billions 

Billions 

Totals 

22,408 , 

10,192 

123,377 

53,136 

_ _ 

_ 



— 

— — — 


Iron is a constituent of most natural waters, but it is present in very .small 
proportions The presence of iron can be readily detected in oceanic waters, and 
also in the salts obtained by the evaporation of these waters. Observations were 
made by J. Usigho, lw A. Goebel, J. Roth, W. Dittmar, R. Quinton, A. F. von Sass, 
8. Robmet and J. Lefort, E. von Bibra, E. H. Ducloux, G. Forchhammcr, and 
F. J. Malaguti and co-workers. C. Schmidt gave 0 0012 grm. ferrous carbonate 
per litre for the Baltic Sea, and A. Goebel, 0-0067 grm. per litie ; G\ Schmidt, 
0-0016 grm. per litre for the White Sea ; J. Usiglio, 0-003 gm. per litre for the 
Mediterranean Sea ; C. Schmidt, 0-0029 to 0-0065 grm. per litre for the Indian 
Ocean ; Schmidt, 0-0039 gmi. per litre for the Red Sea, and 0-0049 for the South 
Sea : C 1 . Schmidt, 0-0019 to 0-0022 grin, per litre for the Atlantic Ocean ; 
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T. E. Thorpe and E. H. Morton, 0 0050 gr m. per litre for the Irish Sen. Deep-sea 
deposits — manganese nodules, phosphatic concretions, red and marine clays, 
glauconite, and other sediments — reported by J. Murray and A. P. Renard, 105 
L. W. Collet, etc., show that considerable proportions of iron may be present. 
Thus, F. W. Clarke gave 8-fifi per cent, of Fe 2 0 3 and 0-84 per cent, of FeO in the 
red clay. 

At the beginning of this era Pliny, in his Historia uaturalis (35. 52), says that 
ahmrn turns black when treated with pomegranate juice or nut-galls. The 
reaction was also mentioned by Dioscorides, in his Dc materia methca , a contem- 
porary of Pliny, and by Paracelsus, 100 who employed the reaction as a test for iron 
in mineral water. R. Boyle showed that a soln. of an iron salt is blackened by 
decoctions of nut-galls, pomegranate, logwood, and other astringent vegetable 
matters. F. Hoffmann, and T. Bergman also used the reaction as a test for iron 

Table V1J1. — Summary of the Iron Ore Reserves of Europe (M. Homier). 

(In millions of mclnr tons.) 



Known. 

Pmb.iMe. 

l’obllbll 1 , 

Total. 

lYr cent. 

Frnnrn 

1,7900 

1,053-0 

1.520-0 

4,309-6 

352 

United Kingdom 

317-5 

464-3 

1.472-3 

2,254-1 

18-2 

Sweden 

442-9 

370- 1 

729 0 

1,548-0 

12 5 

(ii'nriHn Republic 

255 -0 

207-4 

911-7 

1,374-7 

111 

Spain 

353-1 

110 3 

148 9 

01 S 3 

5-0 

(Vntrol Russia 

140-0 

180-0 

204-1 

524 1 

4 2 

Nurwa} 

H5H 

r»«-4 

330 1 

472-3 

3-K 

Rimma (Ukraine) . 

7 10 

1310 

1420 

344-0 

2-8 

(ViCehoAlnviikm 

22-3 

84-8 

58-0 

105 7 

1-3 

Ural Region 

52 3 

(10-8 

47-8 

100 9 

1-3 

Poland 

112 

50- (i 

69 2 

131-0 

l-l 

Austria 

7(i-7 

9-5 

300 

110-2 

0 9 

Luxemburg 

(irncee 

00-0 

21-0 

— 

81-0 

0-7 

ISO 

18-0 

22 3 

58-5 

0-5 

Relgiuin 

2-5 

14-1 

23 -2 

39-8 

0-3 

Portugal 

8-2 

10-2 

12-5 

309 

0-3 

Jugoslavia . 

o r> 

8-0 

100 

33 5 



CaueasiiH 

6-2 

0-2 

180 

31-0 



Finland 

3 0 

1 1-4 

1-9 

10-9 



Rumania 

2 5 

8-3 

4-0 

150 


0-8 

Italy 

5-5 

3-3 


8-8 



Switzerland 

1 2 

- 

2 2 

3-4 



Rulganu 


0 7 

- 

0-7 



Totals 

3,735-0 

2.898-2 

5,771-2 

12,405-0 

100-0 


in mineral waters ; and A. S. Marggraf detected iron in rain-water, snow-water, 
and different mineral waters by a soln. of potassium ferrocyanidc. 

The waters of most rivers contain some iron salt in solution. Thus, II. St. 
C. Deville 107 found it in the waters of the Rhine near Strassburg ; R. Finkener, 
the Spree; If, St. C. Deville, the Loire and the Seine; J. F. Hodges, in Loch 
Neagh ; E. J. Maumene, the Vesle ; T. Graham and co-workers, the Thames ; 
H. Wurtz, the Delaware ; and (J. Schmidt, the l)winn 

The so-called chalybeate waters, or ferruginous waters, or steel-waters contain 
not less than 0-06 grm. of iron salts per litre, and the iron is probably present as 
ferrous hvdrorarbnnate, FcfHCCt,).,, although it may be reported in analyses as 
h i rrie oxide. Fn illustration of chalybeate waters containing much carbon dioxide 
nnd bul a small proportion of soluble salts, R. Kreinann reported the waters 
of Altwusser; those of Wiirtteniberg, reported, by H. von Folding ; Briickenar, 
bv.L Scherer; ( Weldon, by J. P. Bouquet ; Frewalde, by W. Lasch ; Hofgeismar, 
Kurhcssen, by H. A. L. Wiggcrs ; Langenscliwalbacli, by R. Fresenius ; Lioben- 
vol. xil. 2 n 
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stein, Thuringia, by E. Reichardt, J. von Liebig, and M. W. Thiiring ; the Ambros- 
quelle and Karulquelle, Marienbad, by W. F. Gintl ; Nicderlangenau. Glatz, by 
T. Poleck ; Rabbia (antica fonii ), by J. Zehentner ; Radeberg, by W. Stein and 
C, Bley ; Reinerz, by R. Woy ; Royat, Puy-de-Dome, by L. Moissenet, J. Lefort, 

J. L. Lassaigne, and A. Duboin ; Saratoga, New York, by C. F. Chandler and 

F. A. Cairns, A. H. Chester, and L. R. Milford ; Schandau, by H. W. F. Wacken- 
roder and E. Reichardt ; Schwendi-Kaltbad, Canton Oberwalden, by P. A. Bolley 
and M. Schultz ; Spaa, by E. Gerard and II. Chaurin ; and Stcben, by F. vou 
Gorup-Besanez, and E. Reichardt. 

There arc also chalybeate waters containing a relatively large proportion of 
carbon dioxide as well as of sodium carbonate and sulphate in Boln. For instance, 
the waters of Bartfeld, examined by 0. von Hauer 100 ; Birresbom, by H. Vohl, and 
H. Fresenius ; Fidens and Graubunden, by G Nussborger ; Flinsborg, Silesia, by 
T. Poleck ; Kochi, Bayern, by M. Pettenkofer ; Rndein, by J. Holm ; and Vals- 
lcs-Baines, by G. A. C. de C. do CasHnau, L P. V lc Verrifre, and O. Henry. 
Chalybeate waters may also contain, in addition, relatively large proportions of 
calcium carbonate and sulphate. For instance, the waters of Antogast, reported 
by R. Bunsen 170 ; Bad Elster, Saxony, by A. Goldberg ; Carlsbad, by J. Roth ; 
Contrexevillc, Dept. Vogesen, by 0. Henry, L. Dieulafait, and L Moissenet ; 
Driburg, by R. Fresenius, and H. A. L. WiggeTS ; Freyersbach, Schwarzwald, by 

K. Birnbaum, and R. Bunsen; Fairhaven Springs, Missouri, by P. Schweitzer; 
Goppingen, Wurttemberg, by H. von Fehling and C Hell ; Gricsburli, by (1. Rupp, 
and R. Bunsen ; Kryniea, Galicia, by H. Dietrich , Langeuau, by F. von Gorup- 
Bcsanez ; Lippa, by M. Say; Mittagong, by J. C\ H. Mingayc ; O jo Caliente. 
New Mexico, by W. F. Hillebrand, and W. Lindgren ; IVtcrsthal, Baden, by 
J. Nessler ; Pyrmont, by C. Neuberg, F. J Hugi, and R. Fresenius , Recoara, by 

G. Bizio, and P. Spica : Rippolsdau, by R. Bunsen, and H. Will ; Santa Moritz, 
by A. Ilusemann, A. von Planta and A. Kekutf, E. Busshard, F. P. Treadwell, 
and W. Gambol ; Schuls, Graubimdcn, by A von Planta ; Vichv, France, by 
J. Bouquet ; and Wildungen, by R. Fresenius. Yet another class of chalybeate 
waters contains ferrous sulphate for instanee, the waters of Alexisbad, examined 
by T. Puseli, 171 and II. Bley; Mitterbad, Tyrol, by L. von Barth and R. Wegscheider, 
and J. C. Wittstcin ; Ronneby, Sweden, by N. 0. Hamberg ; and Roufrage, by 
J, C. Essener. The radioactivity of the waters of some German iron springs 
has been discussed by A. Simon and K. Kotschau. 

Other chalybeate waters have been reported- -c q at Kaiserqueele, Aachen, 
by V. Monhenn 172 ; Aetos, Greece, by J. Lunderer; Berlin, by O. A. Ziurek ; 
Bohrloch, Zwickau, by V M. Kersten ; Bibra, by M. Papp ; Gusset, by 0. Henry, 
and J. P. Bouquet ; Doberau, by F. Soliultze : Dornawatra, by C. von John, and 
C. von Hauser and C von Jolm ; Doma-Kadreny, Bukowina, by P. Pribram and 
F. Langcr, and P. Pribram ; Dman, Cotes-du-Nord, by F. J. Malaguti ; Aix-les- 
Bains, by E. Bonjeau ; Durkheim, R. Bunsen and G. Kirchhoff, and H. Laspeyres ; 
Kurlsbrunn, Silesia, by E. Ludwig ; Kreis Witebsk, by C. Sehniidt ; Pont-a- 
Mouason, by L Grandenu ; Missouri zinc region, by 0. P. Williams ; Mountain 
View Mine, Montana, by W. F. Hillebrand ; Paramo de Ruiz, New Granada, by 

L. Leuy ; Pressburg, Hungary, by P. Weselsky and A. Bauer; Rockbridge Co., 
Viiginia, by M. B. Hardin ; Rome, by F. Manganini ; Rastcnburg, by E. Ludwig ; 
Savoy, by E. Wilm ; 8tolykin, by C. Schmidt ; Sour Spring, Tuscarora, by 
T. S, Hunt ; Stettin, by R. Fresonius ; Trefriw, Wales, by T. Camelley ; Tientschcin- 
Teplitz, by C. von Hauer ; Weinheimer, by G. Muller ; Wien-Raaber Eisenbahn, 
by P. Weselsky ; Wicsau, by E. von Gorup-Besanez ; Saitama (Japan), by 
S. YoshimuTa ; and Zeche Johann, near Steele, by W. von der Marck. Many of 
the chalybeate waters also contain arsenic, 173 For instaneo, those of Alumwell, 
Missouri, reported by P. Schweitzer ; Burtscheider Quelle, by R. Wildcnstein ; 
Egypt, by F, Raspe ; St. Etienne, by X. Landerer ; Levico, by E. Ludwig and 
R, von Zeynek ; Orsola, South Tyrol, by C. F. Eichleiter ; Roncegno, by R. Nasini 
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and co-workcro, and M. Glaser and W. Kalina un ; Skoal CWk, Missouri, by 
W. F. Hillebrand; Srebrenica, Bosnia, by E. Ludwig ; and Voslau, by H. Biegmund 
and P. Juhacz, and M. Bamberger and A. Landsicdel, There are also ferruginous 
waters of volcanic origin. For instance, the waters of California geysers, Sonoma 
Co., reported by T. Price 174 ; Cove Creek, Utah, by W. T. Lee ; Paramo de Ruiz, 
Colombia, by J. B. J. D. Boussingault ; Pozzuoli, Italy, by S. de Luca; Brook 
Sungi Pait, Java, by F. A. Fliickiger; Popocatepetl, by J. Lefort ; Hot Lake, 
White Island, N.Z., by C. du Ponteil, W. Skey, and J. S. Maclaurin ; and the 
Lakes of Taal volcano, Philippine Islands, by J. Cenleno, G. F. Becker, and 
R, F. Bacon. 

There are numerous reports on the natural waters of different countries. 17 * 
The behaviour of ferrous carbonate in carbonic acid soln. is analogous to that of 
calcium carbonate. Deposits are formed around chalybeate springs, and stalactites 
are formed as in the case of calcium carbonate soln., only the ferrous carbonate is 
not very stable, and it readily changes to limonite- - vide infra , ferrous carbonate, 
and limonite. The iron sinter or deposit near a chalybeate spring in Death Gulch, 
Yellowstone National Park, contained, according to W. II. Weed 17(5 : 

BIO, Fp,Oj BO, IIjO and Organic matter 

1-37 03-03 0-08 8-33 20 04 per cent. 

The work of water in helping to distribute iron on the surface of the globe 
has been discussed by A. Daubree, 177 V. M. Goldsclnnult, W. Lindgren, and 
H. 8. Washington. F. W. Clarke estimated that the average iron content of the 
rivers of the world, calculated as (Fe,Al) 2 0 3 , is only 4*76 per cent, of the total mineral 
content; and, added E. S. Moore and J. E. MaynaTd, this would be precipitated 
almost immediately by the electrolytes in sea- water, if present in the river iu the 
colloidal form. According to W. Lindgren, the iron cycle in nature is somewhat 
as follows Igneous rocks average about 6 per coni, of ferrous and ferric oxides, 
and in the more basic rocks 12 to 16 per cent, may be present. These rocks form 
the raw material from which nature manufactures commercial iron ore. Iron 
oxides, particularly magnetite, sink in the magmas to form strongly ferriferous 
locks, even massive magnetite, usually accompanied by the faithful companions 
titanium, phosphorus, and vanadium. These differentiation products are sometimes 
brought to the surface as masses in the rocks or as dikes. Magnetite is also, though 
rarely in quantities, brought up by underground waters, that is, in pegmatite dikes. 
Much more abundantly it iR carried up as the vapour of a salt, probably in com- 
bination with halogens. Absorbed by limestones, it takes the form of magnetite, 
pyrrhotite, and pyrite in contact with metamorphic deposits. Carried up by under- 
ground waters, it is deposited as veins and replacement deposits as pyrite, pyrrhotito, 
and other sulphides or as arsenides. In all these forms it makes deposits of economic 
importance, the sulphides and the apatite-magnetite mixtures being utilized only 
lately as metallurgical methods improved. These “ hypogene ” deposits may be 
contrasted with those formed by processes whose home is in or near the surface. 

Meteoric waters circulating in the crust dissolve the iron of the rocks and when 
overloaded deposit it below as sulphides or carbonates — a process rarely of great 
economic importance. Surface waters oxidize all rocks in the zone of weathering 
and, particularly in the basic rocks, they find a suitable raw r material for their 
concentrating action. Magnetite is Washed down to form “ black sand.’' All 
rocks are decomposed, yielding soluble iron salts easily oxidized or hydrolyzed to 
the ultimate sub-aerial product, ferric hydroxides. A large part of the iron of the 
rocks remains thus in situ , or is carried a little way maybe Jto replace limestone. 
Colloidal processes are at work in the weathered rocks, and they concentrate the 
scattered limonite to deposits of some importance. A smaller part stays in soln., 
as bicarbonates or sulphate, and is carried to the sea, there to give rise to new iron 
deposits. The continuous stream of soluble iron salts which reaches the shores 
from ferriferous regions of rock decay is largely precipitated by complex reactions 
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in the sea-water, in part biochemical, to form silicates (glauconite, chamosite) 
or carbonate (sideritc), or haematite, the precipitate usually assuming the oolitic 
texture. In the littoral muds rich in animal ooze there is often enough sulphur to 
cause an abundant precipitation of colloidal iron sulphides, which later crystallize 
as pyrite or marcasite. In muddy waters rich in vegetable substances siderite 
may be precipitated, which later appears in the coal seams as “ black bands.” 
Epochs of uplift subject the hardened sediments again to limonitic alteration and 
soln., and the products are again swept to the sea. 

Besides these major cycles there are minor paths of circulation, usually ot 
biochemical nature. The plants need organic iron compounds, which they absorb 
from the soil, and after their death the iron returns to the soil ; or land animals, 
man included, feed on plants, absorbing their iron. Meat-eating animals, including 
man, feed on the plant-eating species, and obtain their iron from them or from the 
blood of other carnivorous beings. Similar cycles are in operation in the sea, but 
for marine inhabitants iron is less of a necessity than for those of the land. 
Essentially the secondary iron deposits are products of the land or the shores. 
There seems to lie very little iron in the sea-water, perhaps 0-00j per cent, in the 
dissolved salts. It seems to be very readily removed, as in the case of phosphorus. 

According to H. Harrassowitz, humic acids carry away alumina and ferric oxide 
from regions that are continually damp, thereby concentrating the silica ; and if 
humic acids be absent, the alumina and ferric oxide arc moderately concentrated 
in mixed gels of silica, alumina, and ferric oxide ; whilst in regions alternately wet 
and dry, poor ill humic acids, alumina and ferric oxide are strongly concentrated 
Desert lands, free from humic acids, are enriched in silica and ferric oxide, whilst 
in the alternately wet and dry steppes, rich in humic acids, the silica, alumina, and 
ferric oxide form gels and arc not transported. 

0. Tissandicr 170 observed particles of meteoric iron in atmospheric dust, and 
they could be separated by means of a magnet. The composition of atmospheric 
dust was discussed by J. A. l T dden, E. E. Free, and A. Ditfe. A. Bergeat named 
ferric chloride amongst the sublimation products of fumaroles. 

About 1702, L. Lemcry 17U observed that iron is present in the ashes of many 
plants. He said : 

On s'apercevrH que dans ce moment beaueoup de partieules tin cliarbon se b^nssent ct 
sprout nit mV* pax lo routouu, n\v attncliant de memo quo la limaille de for s'attarhe a 
I'aunant. I 'otto expenence muutre que le ehuibon do iniel contient du ter. 

E. F. Oeoffroy supposed that the iron was synthesized from its primal elements 
during the calcination, but L. Lcmcry showed that the iron is only separated, 
nut synthesized, during the process. In 1747, Y. Menghini discovered the presence* 
of iron in blood. 

Iron is one of the important elements concerned with enzymes and the living 
organism ; it is one of the component elements of hsumaglobin, which contains 
0-1‘J per cent, of iron This subject was discussed by N. ScharotT, 180 
A. B Macallum, A. N. Richards, J. Barcroft, L. Maquenne and R. Oerighclli, etc. 
The body of man is said to contain one or two parts of iron per 10,000, and the 
blood, accmding to I Novi, about 5 parts in 10, (XX). The iron content of the liver 
was discussed by A. Ouillcmonat, and A. (hiillemonat and L. Lapicquc. G. Bunge 
found the proportion varied from H) to 35-5 mgr ms. per 100 grins, of liver in dogs 
and cat*. 'According to A Dastre, the liver of invertebrates can take up iron 
preferentially, so that the liver of the cephalopoda contains 25 times more iron 
than the rest of the- body. E. Auscher and L. Lapicquc found that the spleen 
contains insignificant quantities of iron, except in pathological states, where the 
red corpuscles of the blood deposit hydrated ferric oxide, 2Pe 2 Ua.3H ;2 (). A. Guide- 
nmnnt and G. Delarnarc observed that the lymphatic glands of various animals 
contain traces up to 0-38 part per 1(X)0- -after inanition the proportion decreases, 
and after splenectomy it increases. G. Bunge found 0*72 per cent. Fc 2 0 3 in ash 
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of ft, new-born dog, and 0*12 per cent, in the ash of dog’s milk, and he argued that 
the foetus receives a store of iron through the maternal placenta previous to birth. 
Similar results were obtained with young cats, rabbits, and guinea-pigs. H M. Fox 
and H. Ramage found iron to be present in the tissues of all the polychictes 
examined, and the evidence indicates that iron is a universal constituent of 
protoplasm. 

According to A. B. Macallum, iron firmly combined is a constant constituent 
of animal and vegetable chromatin, »nd of nucleoli. The chromophilous substance 
in ferment-forming cells contains iron, and the cytoplasm of protozoan organisms, 
which probably also secretes ferments, contains an iron compound. According to 
(1. Bunge, the iron in the yellow colouring matter of eggs is due to a nuclein, which 
during incubation normally furnishes hsomaglobin. Iron does not cnler the 
organism when introduced as inorganic salts of iron, because these salts arc not 
assimilated. In the stomach they produce chlorides, which in the intestine form 
hydrated oxide or carbonate, and finally sulphide, in which form the iron appears 
in the fa'cos. It is not the same with some ferruginous organic* compounds, a 
subject discussed by 0 Bunge, H. F. Hendrix, and A. Jucquet. According to 
A (luillernonal and L Lnpicque, a healthy inan excretes from the intestines about 
20 or ‘M) mgnns. of iron in 24 hrs., but normal urine contains only traces of iron-- 
P Figaioli found that about a milligram per diem is excreted by man ; while 
A Dastrc, and L Lapicque said that the bile gives off about 5 mgnns per day. 

Iron is not an essential component of the chlorophyll of vegetables, but, accord- 
ing to A Meyer, plants cannot produce normal chlorophyll in the absence of iron ; 
and, according to S. Winogradsky, and J. L. Raul in, AsjxnftUus nit/rr can develop 
9U0 times faster in the presence of iron compounds. According to A. B. Macallum, 
a compound of iron is present in the chromophilous substance of the cytoplasm of 
the fungi. The non -nucleated bacteria, owing to their minuteness, have, with one 
exception, given little evidence of the presence of an organic iron compound ; but 
the chromophilous portion of the central substance of the cyannphvcea.* contains 
iron ; and iron is also present m the peripheral grannies formed of cyanophyciu. 
Iron is precipitated from soil soln. in arable land, and it is taken up by the loots of 
plants, which sometimes cause a decolorizntion of the seal m then* vicinity, as 
indicated by A. Daubree- vidv infra, limonite. 
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INORGANIC AND THEORETICAL CHEMISTRY 


§ 3. The Extraction of Iron 

While mail hob had to do little 11101*6 than purify gold as it occurs in nature, it has boon 
necessary for him, so to speak, to create iron. When one considers that the art of working 
this metal, which combines ho many industrial processes, which triumphs over so many 
difficulties and obstacles, and which makes use so ingeniously of fire to ronquei iron, goes 
back to the remotest antiquity, to beyond tho Hood, one is disposed to regard the first 
thought about this wonderful art as a Bort of inspiration.— It. J. Haiy. 

In the most primitive form of extracting iron from its ores, a mixture of the ore 
and charcoal was heated. Tbc impurities formed a scoria or slag, and the remainder 
of the oie was reduced to a tough, porous, pasty mass of iron. The iron was 
withdrawn in porous blocks, called blooms, and these were put into another furnace 
and strongly heated. The iron was taken out and hammered into a compact mass 
so as to drive out any scoriamms matters. The earliest furnaces had a natural 
draught, and they were generally erected on high grounds, in order that the wind 
might assist combustion. This method is used even to-day in some parts of Africa. 
0. V. Bellamy for instance, thus described the process carried out in west Africa, 
in the hinterland of Lagos : 

Tho ore used is u siliceous hrematito occurung 111 Rhale It is roasted, uiul then pul- 
verized m a wooden mortar The pounded ore is then washed by women. A hole ir dug 
111 the ground about 2 feet deep and filled with w ater. I 11 this, a woman stands and washes 
the ore in a tray about 18 inches in diameter. It it then subjected to a furthei and inoie 
careful washing by a second woman, seated on the ground near by. The ore is then r*ou- 
ve\ed to the furnace in a smelting Bhod, of which there arc eleven m the village ICaili 
shed is about 25 feet long and 16 feet wide, with a doorway at each end. The walk aie 
built of clay, and are from 4 to G feet high. They me not earned up to tho mof, but a spiu e 
is loft all round for light and ventilation. From the ground to tho iulge of the rool the 
height is 25 feet. The furnace is in the cent 10 oi the shed It is built ol clav, and occupies 
a circular space 7 feet in diameter. Its height ih 3 teet 0 inches. Opposite one oi the 
doorways a depression in the floor gives access to the Inmate. The dome of tho furnace 
is bound round by a rope ol twisted vines. In the centre nt the bottom of the lurnacr is an 
aperture 3 inches in diametei which communicates with u short tuimol below the flour of 
the shed, to which access is obtained by a pit inside the shed. Tho Hhod also contains a 
small kiln for firing the earthenware tuyeres, and an ore-bin, both being made ol clay. 
The process of smelting occupies 30 hours, draught being supplied by nine pairs of earthen 
ware pipes. These are only rudely shaped by liand around a stick, and but pailly baked. 
The average diameter of each pipe is 1-4 inch. Selected slag from each succeswive Hmelting 
is used as flux It is run off h\ opening the orifice in the bottom ot the furnace. Toi 
removing the bloom, the clay seals over the six ajmrtures are broken up, tlie oarlhonwuie 
pipes removed and thrown aside, and tho doorway ot tho furnace opened The contents 
of live charcoal are raked out, and the 70-lb. bloom removed in a rod-hot state by a loop oi 
green creeper. Subsequently it is biokeu up, with the aid ot a Rtono, into convenient 
sixes and sold to smiths. The metal produced 111 this wav is a natural forged steel, which 
by reheating by tbc native smith is brought down to a tool steel with one per cent, oi 
carbon. 

The frescoes in Egyptian tombs show that prior to the 18th dynasty they 
produced a draught in their furnaces by blowpipe*, and four to six men are shown 
so engaged in melting metal. Drawings of furnaces with the draught worked by 
bellows appear on the frescoes of tho J 8th dynasty. The iron-smelting furnaces of 
I'npuloniu, and those reconstructed by T. May from tho remains at Wildor.spool 
ncai Wairington, and dating from about a.d, 410, consisted essentially of a cavil \ 
with a wall and covering of clay, with holes at the base for admitting a draught and 
for withdrawing the metal. They were usually built 011 sloping ground, and the 
) on nuns show' that coal was used with the charcoal for smelting. There is no proof 
that bellows weie employed ; nor is there any proof that cast iron was produced 
in one furnace and converted into malleable iron or steel in another. The plant 
consisted of a kiln for roasting the ores, a smelting furnace, and a smith's forge 
Mmute samples of metal collected in a fluid state on the furnace bottom, but the 
smelting furnace yielded blooms of spongy iron. The fusion of the iron in the 
furnace, owing to the formation of cast iron, must occasionally have occurred when 
the temperature was higher than what was usually obtained. This, for example, 
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explains Pliny's statement indicated above, mirnmqua rum rxcoquatur vena modo 
hquari ferrum . A. TTrc thus described the Indian method of extracting iron and 
manufacturing steel : 

TJio manner in which iron oie ib melted and converted into wootz or Indian steel by the 
natives of the present day is probably the very same as was practised at the time nt iho 
invasion of Alexander, and ih a uniform process from the Himalaya Mountain* to Capo 
( 'omerin. The furnace or bloomery in which the oro is smelted is from four to five feet high , 
it is somewhat pear-sha}>ed, bemg about five feet wide at the haso and one foot at tlio tup ; 
it is built entirely of clay, so that a couple of men may finish its erection in a few hours and 
hn\o it ready for use the next day. There is tin opening m front about one foot or more 
in height which is built up with clay at the commencement and brokon down at the one! ot 
each smelting operation. The bellows are usually made of a goat's skin winch lias been 
stripped from the animal without ripping open the part covering the belly. The apertures 
of tho legs are tied up and a nozzle of bamboo is fastened into the opening formed by Iho 
ncik. The orifice at tho tail is enlarged and distended by two slips of bamboo; these are 
grasped in tho hand and kept close together in making (he stroke for the blast ; in the 
ict urn stroke they are separated to admit the nir. Hy walking a bellows ot this kind with 
cat h hand making alternate strokes, a tolerably uniform blast is produced: the bamboo 
nuzzles from the bellows are inserted into tubes of cla>, which pass into tho furnace The 
furnuoe id filled with charcoul, and lighted coal being introduced before the nozzles, the mass 
in the interior is hooti kindled. As soon as this is accomplished a small portion of the* ore, 
previously moistened with water to prevent it iron) running through tho charcoal, but 
without any flux whatever, is laid on the tup ot the coals ami covered with charcoal to fill 
up the furnace In this manner on* and fuel are supplied, and the bellows are urged for 
three or four horns, when the process is Rtoppod, tho tempoiarv wall m front broken down, 
and t >10 bloom removed with a pair of tongs from tho bottom of the fiiiimce. 

In converting the iron into steel the natnes cut it into pieces to enublo it to pack better 
i Til o the crucible, which is formed of n ti acton il«> mixed with a quantity of charred huska 
ot rice It is seldom charged with muio than a pound of iron, whirh is put in with tho 
propel weight of dried wood (hopped small, and both are covered with one or two green 
leave*) (the proportion being in geneial ten parts of iron to one of wood and leaves) Tho 
mouth of tho crucible ih then topped with a handful of tempered clay, ruimnnd in very 
< IohoU to exclude tho air Ah booh as the clav-plugH of the crucible aro dry, from twenty 
to twcnti four of them are built up in the form of an Hrch in a small blast- furnace ; they 
aic kept covered with charcoal and subjected to h^at urged h\ a blaat foi about two and a- 
ImJf bourn, whon the process is considered to be complete. The crucibles aro now taken 
nut of the furnace and allowed to cool ; they are then broken and the Hteel is found in tho 
form of a cake rounded by the bottom of the crucible Kudu a* tho whole appears to be, 
vet to gain that point must have been the result of considerable experience. Tho formation 
ot the bellows — the composition of tho crucible*) - the charging of the fumacog and crucibles 
all tell of observation and experience 
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The method as practised by the native smiths of Uganda is depicted in Figs. 6 
to 8 by (}. H. Davis. A hole is dug in the ground and lined with clay (Fig. 6) ; on 
this is placed a bed of charcoal ; then 
burnt grass, reeds, etc., for lighting the 
furnace. About the hole is built a 
stack with lumps from ant-hills as re 
fractory. Inside this is a lining of iron 
ore ; and charcoal is placed in the m 
terior. The furnace is fed with air from 
hollows. The furnace illustrated by 
Fig. 7 is operated by five sets of bellows 
worked by hand, as illustrated in the 
diagram. A plan of the smelting furnace 
is shown in Fig. 8. The subject was also 
discussed by F. I)ixey, and R. G. Cum- 
niing. According to T. Turner, 8. A. 

Rilgrami, E. I\ Martin and H. Louis, 
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0 - Bed of Piiimtivc Uganda Iron 
Furnace. 

Foote, C. Lemaire, J. T. Last, 
R. A. Iladficld. T. H. Holland, 


L Guillcmain, W. S. Routledge, I. E. Lester, ... . 

ly Vuu Schwarz, H. L. Stokes, J. Danvers, F. H. Wynne, F. W. Reid, (I. Braecke. 
R- H. McOaskey, F. Hupfield, A. Ledebur, R. A. Dart and N. del Grande 
L. Suehs and E. Saladin, an analogous process was used in Lidia, elc. H. Louis 
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The Catalan process of extracting iron was formerly practised in the piovinco 
of Catalonia, north of Spam, and also about Ariege south of France The furnace 
was used in the seventeenth century in Navarre, and Guipuzcoa in Spam, and it 
consisted of a shallow, oval cavity or hearth fnimmg a kind of mveited truncated 
cone. A tuyere projected downwards and inwards over the middle of one of the 
long sides of the oval. The blast was supplied by tw r o bellows working alternately 

\dTinu* modifications in size and shape were 



introduced from time to time, and about the 
end of the seventeenth century the tromye 
was introduced for supplying a continuous 
blast of air, in localities where a fall of water 
from a height of a few yards w T as available. 
The theory of the ttowpr was discussed by 
(1. B. Venturi 2 in 1800, and observations on 
the subject were made by M Tbibaud and 
M Tardy, J. F. d’Aubuisson, and G Magnus. 
The Catalan forge, or la Jokjc Cafalane , con- 
sists essentially of a furnace, a blowing 
machine, and a heavy hammer. Tt was 
described by T. Richard, J. Francois, and 
J Percy. A general idea of the furnace will 
he obtained from Fig. 9. The so-called 


J li.. 8 - Han nf l guiulti .Smelting- 
Fumacn 


Corsican furnace was employed in Corsica 
from a remote period, and a few were *in use 
in 1828. It was little more than a black- 


smith’s forge— Fig 10. It was described by M. Hagey, ;1 «J M. Mutbuon, L. Cordier, 
P. C J. B Tronson du Coudray, and J H Hassenfratz. 

In former times a bloomery smelting-furnace was much used in »Sweden, Norway, 
nnd Finland, and it came to be called the osmund furnace — so named from Ihe 
Swedish term ufoutud, dfsmundtz, or osmund for the bloom produced in this kind 
of furnace The furnace was an oblong, rectangular ruvity to receive the lump of 
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i educed iron , there was a large o]>enmg at the side through which the lump of iron, 
or bloom, was extracted, and which during the working of the furnace was tempor- 
arily built lip with stones The inner lining of the furnace was a refractory rock. 




1 i( M ( ufalun 1 uinnc < 


In 10 Uirsunn Inman 


Mid flu spare between this and the timber casing on the outside was filled with 
( 11 th r lhc calcined ore was smelted with charcoal, and the resulting bloom was 
fmgnl as Tiqiiiied The furnare was described by E Swedenborg, 4 \ Wahlberg 


\ Wditle V R \on Tunnei R Gon 
tc nn um, M Meyer, I Pern, L ,T 
IgcUtmin C 1 J B Kaisten, etc The 
bhst was obtained by two bellows 
worked by a treadle 

\ bloom i* nn mgot ol iron oi steel or a 
|»ik oi pudditel bars which lr\ passing 
through h set nf rollers, has Imm ii ndmcil 
<n n thick bar and left lor fill flier lolling 
wlien itqiuifd for use, it also refcis to a 
niohR oi iron which has undergone thr fir *^1 
hammering — R Plott, and M lla\ I la 
term is also applied to the ball or mass of 
non from the puddling furnace which is to 
he hammered oi shingled into a bloom 
V ITn A bloomnry or bloomery is flit 
linL large through which the metal parses 
nffei it 1ms boon melted from the ore, and 
m wlm h it is made into blooms M 1 ister 
According to Not and Queries (8 27 1907), 
indicated in T Wnght and R V Wukhti 
(London 1 141, 1884), ante 1000 and in 
beginning of the fifteenth centun In this 
bronnyng yom« ” at St Brendan 



1 io II I he Osmund l mnmt 


tla Inin bloma was in use c// t* 1000 A I> us 
s hifjlo S iron and Old Lnghsh 1 or (ibulant* 
I Mirkus Libfr I'ishialut, published nt the 
book it is said that de\ils made blames ol 


V Binnguccio represented the pre-Roman smelting furnace by Pig 12 , and 
it is supposed to date from the time of Hesiod It was fired with wood The 
remains of one in Jura are described by R Rchmn It was built anew after each 
smelting. The so-called Stuclofui resembled two osmund furnaces, one inverted 
above the other — Fig. 13 They were at one time in operation in various parts of 
Europe— Carmola, Carinthia, Syria, Hungary, etc The larger furnaces were 10 to 
10 It in height, and the blast was ojierated by bellows worked by a water-wheel 
The product was a lump of unfused malleable iron up to about 6 cwts m we ght 
This was cut into parts or Stucle , winch was then hammered in the usual manner 
This furnace is considered to be the forerunner of the modem blast-furnace G .Tars, 
^ J B Karsten, J Percy, 0 \gucoln, L Beck,.! V Quantz, O Kiasa, and otheis 
have described the opeiation of these furnaces The conditions in the Stuchofen were 
so favouiable to the fnimation of that highly carburized, relatively fusible product 
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known as cast iron, that when it was obtained it had to be subjected to a process 
of decarburiza f ion before it could be worked under the haimnoi Indeed, the 
carburized iron was virtually a new metal, which could be rcadiB cast into any 
desired shape and size 

J J Becher r ’ is sometimes regarded as the discoverer of c ast non but it is very 
doubtful if any one can be credited with the disiovery of this material Stove- 
plates appeal to have been one of the earliest forms of non castings and according 
to A Schrodtcr, they were made at Nassau in 1474 , and according to A Kippen 
berger, at Eifil m H07 J Schwank said cannon for artillery were made from 
cast iron in 1544, and J Goostray and co workers, between 1520 and 1854, 
when rifled cannon appeared According to 0 Johannsen, obscivations on tin 
subject were made by K Brunner m 1547 L Bickel stated that the earliest 
recorded date for the working of cast iron in the Hama monastery Hessen, is 1555, 
but the working of the iron foundries goes back much earlier For instance, an 
inventory of guns bel mging to the Prince of Hessen is dated 15H M A Lower 
suggested that cast non was probably made in Sussex about the middle of the 
fourteenth century P Buchanan said that R Hogge made a cast iron cannon at 
Bucksteed, Sussex in 1543 f ast iron was imported into England about 1500 
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and a large iron gun weighing 10,500 lbs was cast in London m 1 510 , and ac t ordmg 
to H A Dillon, two large cast iron cannon weie brought to London from Ireland 
during the reign of Henry VII W Ticptoff has reviewed the use of cast iron 
for making cannon in the Middle Ages 

The development of the t ast iron industry has been discussed b\ II Alkor, L Bei k 

L Bickel, K Binder, P G H Boswell, O Biandt, E Bremer, li Buchanan, C 1] Dana, 

P Deabief, J V Daubuisson, W Erben, O Erhngliagen, A Faber J I emie, F A Poatei 
J P Frey, V A Gorhaid, J ()oobtm\ and co workers, A Guettin, J H von Ilefnci 
Alteneck, C I Bmies, A Hirfwh, J J] Hu rut R Jenkins, O Johannsen, II hidaku/ki 
E C Kreutzherg, J Laurens, A Ledf bur K Lind, V Lohsc, K Luthmor, r J Mr kern son 

G Malkowskv, l 1 Martell, C T P v on Marinis, W MathebiuR, b Miller (. Pardun 

H Pudor, B Rati) gen, M Rotarker, H Schmitz, E Schnoogans, J bchwank, R Sicdtl 
K Sipp, 8 G Smith, W A Tiemann, A Thiele, W H Vhland, O Vogel, and L van 
Werveke 

The si 7e of the furnace for making iron was gradually increased to save fuel 
and to reduce the cost of manufacture , at the same time it was noticed that th< 
accidental production of cast iron became mcieasmgly frequent, because the iron 
remained a longer time in contact with the fuel chaicoal and it thus became 
moio highly carburized For a time the Stuckofev was u»ed fui producing both 
the malleable iron blooms and molten cast iron The furnaces which leplaced the 
S lutkofen won called Bmterofcn, Blascofen or Blmiofrri The furnaces were at first 
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exactly like the Stuclofen , and the name referred to the product, not to the con- 
struction. Eventually cast iron was virtually the only direct product ; and, as 
is the case at the present time, it was obtained in the blast-furnace. The blast- 
furnace came to be called the Huchofcn in Germany, and le havt fourncau in France. 
According to J. M. Swank,* the blast furnace originated in the Rhine provinces 
nbout the beginning of the fourteenth century, and in 1340 one was built at Marche- 
lcs-Dames, Belgium. The evolution of the blast-furnace in Styria was described 
by J. Arduino, L. Beck, J, M. Bineau, L. Bittner, J. J. Ferbcr, H. Frontault, 
(i, Goth, (). Joliannscn, K. Kupolweisei. A. II. Leolmer, F. A, von Marcher, 
A von Muehar, A. Milliner, F. Miinichdorfer, V. Ignaz von Pantz and A. J. Atzl, 
I I’randstctter, M. Robert, A. Schauenstem, and R Schaur. Many others have 
written on the history of blast-furnaces, either in general or in reference to 
particular localities. According to A. Milliner, the iron industry has been active 
in Central Austria for over 2600 years, and occupied so important a position in the 
middle of the fifteenth century that Englnnd sent to Austria for teachers for her 
iron industry 

Just as crude metal was extracted from llie ore by fire, so was it found that by 
another application of tlic same purifying agent the crude metal could be converted 
into malleable iron. In the modern method for extracting iron from its ores, cast 
iron is firsl produced, and this product is employed as a starting-point for the 
manufacture of iron and steel. What was formerly an accidental and abnormal 
defect is now the regular and normal product. 

In the sixteenth century the ironworks m England were consuming the forces 
to make charcoal fuel at such a rate that it w r ns feared that there would be a scarcity 
of wood for fuel and shipbuilding. According to J. Nicholl, 7 in the reign of 
Elizabeth Ac ts of Parliament were passed to restrict the use of timber as fuel in the 
rnnnufndun of iron. A patent was gi anted to S. Sturtevant in 1611 by James I 
for the u.se of “ sea-coale or pit -conic " in the extraction of iron, but the patent was 
“ cancelled and made voyde by reason of his standing outlawed at the time of the 
grant ” In 1613 his privileges were transferred to J. Kovenzon, blit lie did not 
make the use of this fuel a success ; and similar remarks apply to the patents of 
W. Gomeldon, K. do Blewston, and E Jordon. About 1620, however, I). Dudley 
did succeed in substituting jut-coal for charcoal in the smelting of iion ; he 
obtained a patent for the process in Kiltb and gave an account of his labours, but 
not the process, in his Mclallum ruartis, published in 1665. Between 1 0- r >2 and 1658 
Oliver Prom well granted patents to W. Ah tell and co workers for the use of pit or 
sca-coal as fuel in the blast-furnace, but both attempts also failed. It is thought, 
but not definitely known, that the success of 1). Dudley was duo to his using coke, 
in place of raw coal. R. Plot mentions an unsuccessful attempt to smelt iron with 
coal in 1685. II. Towle described the smelting of iron wilh charcoal as fuel in blast 
furnaces in the Forest of Dean, in 1676, and the subsequent conversion of the cast 
iron into malleable iron in an open-hearth finery using sea-coal as fuel ; J, Collier, 
and J . Sturdy described the process in use in Lancashire at the end of the seventeenth 
century. D. Dudley does allude to the making of char- - according to T Turner, 
that is coke from soa-coal. The art was lost after the death of D. Dudley, so that 
1,1 1685 R. Plot said : 

they have a way of charring the coal in all particulars thu same os they do wood. The 
1,01 thus prepared they call cokes, which conceives as strong a hent utmost as charcoal 
! . i ant * Jfl ^ for ,n0Ht uses, but for melting, lining, and rolimng of iron, which it cannot 
»<■ brought to do, although attempted by the most skilful and curious arlists. 

About 1735, J. II. Darby tried to smelt i^on w r ith a mixture of raw coal and 
charcoal, but without success ; ho then tried the use of coke made by treating 
pifc*coal as charcoal burners Ireat wood, and succeeded. The substitution of coke 
for charcoal then grew apace. Only in very special circumstances is charcoal now* 
employed— c.g. in out-of-the-way places where the output is small, timber cheap, 
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and coal dear ; or where a specially pure metal is desired, as at Ulverston, Lanca- 
shire, described by W. J. Mac Adam. Hence, the furnace charge employed in 1887 
was virtually the same as that employed in 1738. D. H. Wood reviewed tin* history 
of iron-founding in the Midlands (Kngland). 

The subject woh discussed by J. F. d'Aubuisaor de VoisiiiH, T,. Bittner. G. Goth, 
K. L. Goo dale and J. Speer, FT. lilies, O. Johannsen, W. A. Lam pad i os, F. W. Lurmann, 
E. Manor and W. Bisrhof, A. MiiUner, F. Muniehadorfer, V. I. von I’antz and A. J. Atzl, 
l. Prandstottor, A. Schauonatein, C. Schmz, E. Vollhann, and H. Wedding. 

With bituminous coal most of the hydrocarbon gases arc given off before the 
reduction of the ore is accomplished, and accordingly they do very little chemical 
work in reducing the ore. Heat is required for the decomposition of the coal, so 
that the extra fuel consumption gives an enriched exit gas. Anthracite coal 
gives but a relatively small yield of hydrocarbon gases, and more nearly approaches 
coke in this respect. Anthracite coal has been used in blast-furnaces in South 
Wales and in Eastern Pennsylvania Attempts to melt iron by using a gaseous 
fuel — say natural gas — a* a source of heat, while the reduction proper effected 
by solid carbon were made in this direction by J. T. Wainw right, but the results 
were not satisfactory. Actually, in modern practice, at least 75 per cent, of the 
available energy in the solid fuel employed is utilized Charcoil is still employed 
as a fuel in the production of the so-called Swedish iron, and the modern pro 
cedure was described by J. A. Letfler. The use of peat coke was discussed by 

I. I. Granikoff and M. A. Pavloff. 

According to M. P. Rossignoux, when coke began to replace ehano.il in the 
smelting of iron, the furnaces weie low, of small capacity, and worked with a cold 
blast. A light, porous coke resembling charcoal was desirable, because in such 
furnaces the hard coke would descend to Ihe level of the tuyeres, suffering ven 
little change. In taller furnaces, of large capacity, worked with a hot blast, a 
hard, compact coke is needed in order to resist the weight of flu* heavy furnace 
charge. The density of the coke is greater the higher the coking temp , and the 
more dense the coke the less the fuel consumption, since less carbon is attacked 
by the carbon dv \ de of the furnace gases. This was demonstrated by 1. L. Beil. 
The blast-furnace toko must be strong enough to sustain without crushing the burden 
in the furnace ; it must be porous enough to allow it to be penet rated by the hot 
blast.; and it should burn w'lth very little asli. The properties of good blast- 
furnace coke were discussed by S. Weill, p J. H. Darby, C. L. Bell, 1). A. Louis, 
(I. D. Cochrane, etc. 

The substitution of coke for charcoal in the smelting of iron rendered noccsHaiy 
blowing machines of increasing power, and the introduction of steam power enabled 
engineers readily to cope with the demands of the iron smelters This subje< t 
was discussed by C. J. 13. Karsten, 0 J. Percy, J). E. Roberts, A. von Ihenng, 

J. Kitson, E. Baur, A. Greiner, R. H. Rice, etc. In 1828, J. B. Neilson patented 
the use of the hot blast, and J. Percy said that 14 the use of the hot blast greatly 
cheapened the production of iron, and it is thus to be regarded as one of the most 
important improvements ever made in metallurgy.” A few years later, in 1835, 
virtually every ironworks in Scotland was using the hot blast. According to 
E. Baur, and E. Herzog, A. C. W. F. von Faber du Faur utilized the hot blast in 
1832. J. B. Neilson’s invention, said H. Marten, appeared directly to contradict 
general experience, because all furnace managers agreed that the produce per furnace 
was more in winter than in summer, and hence it was concluded that the colder the 
blast the better the yield. Attempts were even made to cool the blast in summer 
by passing it over cold water, but a result contrary to expectation was observed. 
The com Union was shown by II. Marten, and ,J. Percy to ignore two vital factors : 
(i) the siir in summer is niurh more humid than it is in winter ; and (ii) in hot 
weather the blowing engines will deliver a smaller weight of oxygen in a given 
time, unless I hey me worked at a faster speed. 
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The moisture in the gas was thought at one time to be advantageous, because 
the hydrogen formed by the dissociation of the steam iR so powerful a reducing 
agent ; but I. L. Bell showed that no advantage is obtained by raising the moisture, 
content of the blast. W. H. Fryer, oil the contrary, showed that the desiccation 
of the blast would increase the jjroduction, and decrease tlie fuel costs. J. Gayley 
proposed to freeze out the moisture by an ammonia refrigeration apparatus. The 
subject was discussed by C. A. Meissner, B. Osann, E. H. Lewis, F. Knill, E. Jantzen, 
W. Mathcsius. J B. Miles, N. M. Langdon, M. Drees, E. S. Cook, 0. Aldendorfi, 
J. Vajk, E. de M. Campbell, H. Boute, \V. Behmidhammer, A. Lindner, V von Linde, 
L Grabau, E. (’. Heurteau, H. le Chatelicr. J. E. Johnson, G. Jones, F. A. Daubine 
and E V. Roy, W. Mc( lonnachie, and J. von Ehrenwerth. The last-named showed 
that the advantage of drying the blast is greater the lower the temp, of the blast, 
and the higher the temp, of the waste gases at which the furnace previously worked. 
The use of oxygen in the dry blast was discussed by A. Brunighaus, F. W. Davis, 
M. Derchiye, J. Meigle, R. Schenrk, H. Blome, (I. Trasenster, and C. A. Edwards. 

The hot blast was discussed by 11 Marten, T. Clark, L. F. Gjers and 
J. U Harrison, W. McConnachie, F. T. Merbaeh, J. Percy, W. Truran, D. Mushet, 
f. L. Bell, (\ Cochrane, etc. The methods of heating the hot blast employed by 
,1. B Ncilson were described by H. Marten In IK'W, A C. W. F von Faber du Faur 
invented a hot blast stov e which was heated 1 >v the combustion of the wast e gases from 
the bla'J furnace ; but the method was not successful until applied by J P. Budd 
m IS 15 In IrttiO, E. A. ( Wpcr applied the regenerative principle and burnt the 
waste gases in order to supply the necessary heat. There are many designs for the 
clinker briiks for the hot stove, and also many modifications of the principle, 
dis< lift'd by T. Whit well, T. Mussicks, W. Crooke, B. J. Hall, E. Disdier, L. F. Gjers 
and J H. Harrison, A J. Boynton, W. Mathesius, S (J. Valentine, E. S. Moore, 

G. Jones, M. A, Pavloff, and A. Rpannagel. 

The ends of the pipes ot tuyeres employed for delivering the blast of air into the 
furnace rapidly deteriorate unless they are efficiently protected, and particularly 
so when a hot blast is employed. The fccim tuyere is often spelt twyo\ and, according 
to R Plot, 10 older and corrupt spellings arc tuc-iron, tuiron. and ttiarn. J Percy 
wild that the protection of the tuyere by cooling it with water was first applied by 
Mr. Fondie, shortly after the introduction of the hot blast. In this tuyere, generally 
called the Scotch tuyere , a wrought-iron pipe, through which cold watei circulates, 
is embedded and coiled about a short, hollow , conical nozzle of cast mm. Numerous 
modifications of the principle have been described by F. H. Lloyd, T \V. Plum, 

H. Wedding, H. Pilkington, A. K. Rees, J. E. Stead, ,J. S. Hollings, F. L. Grammar, 
etc. 

There, are differences of opinion as to the most economical size and shape of 
the hinst-furnacc ; and there are numerous descriptions of the blast-furnaces in 
different works available. 11 The subject is also discussed in many special books. 
There arc also many labour-saving devices in connection with the mechanical 
handling of materials — conveying charges to the top of the blast-furnace, its 
introduction to the hoppers, and transfer to the furnace itself 

Ores can sometimes be worked in the blast-furnace without any preliminary 
treatment; in other cases the ore must be subjected to some preparatory process. 
Hand-picking to separate earthy and shaly matters may suffice ; m some cases 
it is necessary to crush the ore into pieces the size of an egg. The sizing of the ore 
depends on its nature. A porous ore, for instance, can be used in larger lumps 
than a dense, compact ore, since it is moie readily penetrated by the reducing gases. 
Systems of concentrating the ore can be employed only in special cases, on account 
of their cost. In some places the magnetic iron sands or tailings are washed by 
mind, but only on a moderate scale. Ore-washing in some of the United States works 
lias been described by G. R. Johnson, 12 M. F. Ortin, and S. (\ McLanalian. The 
concentration of ores by magnetic separators was proposed by A. Ohenol 11 in 
18o4, and the electromagnetic mul electrostatic separation has been discussed 
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by H. C. McNeill, H. Louis, W. A. Anthony, C. Jones, G. Prus, H. Wedding, 
T. Turner, etc. 

Haematite ore was once concentrated at Norburg, Sweden, by screening the 
crushed ore, which was then graded, and the fines were briquetted with about 
10 per cent, of lime before smelting. 14 Finely-divided ores have also been briquetted 
with tarry matters. W. Hutchinson and F. W. Harbord 16 proposed incorporating 
fine ores with molten blast-furnace slag. Ores in a fine state of subdivision arc not 
suited for smelting in the ordinary blast-furnace because of the resistance they 
offer to the passage of the blast. Finely-divided ores are best smelted in blast- 
furnaces which are not very tall, and only a low-press, blast is employed. This 
subject was discussed by II. Louis, J. Cayley, E. Moffart, A. Thielen, etc. 

In some cases the ore is weathered in heaps for months or years. The hard shale 
of argillaceous ironstone so treated crumbles to powder, and allows the iron ore 
to be separated by hand-picking. Certain sulphureous ores may also have their 
pyrites oxidized to sulphate and so washed away. Hydrated ores may be calcined 
or roasted to drive off water of hydration ; carbonate ores, to drive off carbon 
dioxide ; sulphide ores, to convert sulphides to oxides, and so eliminate the sulphur — 
at the same time some arsenic may be driven off ; ferrous ores, to convert ferrous 
to ferric oxide with ferrous ores liable to form too fusible a slag, which rapidly 
attacks the furnace lining ; and carbonaceous ores, like the black band ores, to 
drive off carbonaceous matter, which prevents a proper fusion of the materials in 
the blast-furnace. The subject was discussed by S. G. Valentine. 10 The roasting 
or calcination may be performed in open heaps or in special kilns. 

The blast-furnace is a long cylindrical shaft feci at the top with ore, fuel, and 
flux, and supplied with the air necessary for the combustion of the fuel at the 
bottom. The function of the blast-furnace is to reduce the iron oxides to the 
metallic state, and at the same time convert the impurities into a fusible slag 
Both molten iron and slag are discharged at the bottom of the furnace, whilst the 
waste gases pass away at the top The materials employed in the blast-furnace 
charge are (i) the iron ore, containing essentially ferric oxide, (li) the flux- -generally 
limestone, and (iii) the fuel — charcoal or coke. A mixture of these materials is 
continually introduced at the top so that the interior is kept nearly full, while 
slag, or cinder , and cast iron accumulate in a molten state in the hearth at the 
bottom. The slag or cinder flows out over the dam, while the molten iron accumu 
lates below. The iron iH allowed to escape at intervals through the tapping hole. 
The solid contents of the furnace are gradually and continuously descending, while 
air blown in through the tuyeres ascends to the top and is carried away in pipes as 
blast-furnace gas. The oxygen of the air impinges on the incandescent fuel, where 
it bums to carbon dioxide ; this is immediately reduced to carbon monoxide. The 
ferric oxide is reduced partly by the carbon monoxide and partly by the carbon 
to form metallic iron. Higher up, the limestone is decomposed into carbon dioxide 
and calcium oxide. The temp, of the furnace is greatest near the tuyeres, where 
the maximum combustion occurs, und decreases as the distance upwards increases 
The reduced iron near the lower part of the furnace becomes highly carburized, 
and forms cast iron, which meltB and trickles down to the hearth. The iron ore 
contains more or less impurities— silica, alumina, etc. — and the ash of the fuel 
contains more or less earthy matters. The iron is associated with the earthy, 
and other impurities whose nature is such that usually they readily fuse when 
they have entered into combination with lime. The limestone of the charge 
“ draws ’* some silicon, sulphur, manganese, and alumina — but not phosphorus 
--from the melting iron. There is thus formed a frothy slag. Nearly all the 
phosphorus, much of the sulphur, three-quarters of the manganese, and some 
silicon remain with the molten iron. The molten slag trickles down to the hearth, 
and helps to protect the surface of the molten metal from any decarburization 
under the influence of the oxidizing blast. 

The weight of materials entering the blast-furnace is from seven to nine times 
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the weight of the iron produced, and more than half the weight of materials entcnng 
the furnace is atm air supplied by its blast No solids are formed in the furnace 
working under normal conditions, since all the solids charged into the furnace are 
converted into molten slag and molten iron The rhaige and products pci ton of 
iron are appioximatelv : 
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The following descnption (Fig 14) of the blast fumac e of one of the largest 
vtnl plants in the United State*-, namel), that at Gur>, on the southern shmi of 



Uaki Michigan, is based cm that given by J B Walker. 17 The height of the blast- 
furnace is 90 ft , and the diameter 25 ft It makes 550 tons of mm every 24 hrs. 
it is built of steel, like a large upright steam boiler, and is lined with hrebneks 
the lowei and hottest portion is surrounded with hollow bronze bricks filled with 
lupidly flowing water to keep them cool The blast passes up through 1500 tons 
of burden , which is at first arranged in alternate layers of ore, coke, and limestone, 
put m at the top so as to be porous enough to allow a free passage for the ascc nding 
gases driven upwards by the blast. The coke, ore, and limestone from the stoie 
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bins are carried by electrically ojierated lorries to the furnace skip, c»f which there 
are two to each furnace. The skips run up an inclined railway to the charging 
platform at the top of the blast-furnace. Each trip of a skip is made in 60 seconds, 
and its average load is 7000 lbs. of ore, 6000 lbs. of limestone, and 3600 lbs. of coke. 
On its arrival at the top of the furnace the skip automatically discharges its load 
into a hopper. Within the furnace an* two cones. The contents of the skip fall 
upon the first cone or bell, A, which is then lowered so that the materials fall on 
the second or lower cone, B. The upper cone, A, is then elevated to seal the exit, 
and the low r er cone, B , is lowered so as to discharge the materials into the furnace. 
This arrangement prevents nny escape of the furnace gases. 

The furnace once started is kept going continuously until repairs arc necessary. 
Some furnaces have a record of several years’ continuous operation. The temp, 
near the top is about 200 tJ . The chemical action of the up rushing blast of gas is 
to Temove about 90 per cent, of the oxygen in the ore and transform it into paiticlcB 
of finely-divided spongy iron, which retain their shape ns the charge descends until 
the iron is melted. The temp, of the charge increases as it descends, and at. about 
430° the spongy iron begins to take up carbon from the coke. There is an opposing 
chemical action tending to remove carbon from the iron. The. iron takes up several 
times its own volume of carbon, and when the temp of the descending charge has 
attained about 90(T the iron sponge no longer expands. The iron with its dissolved 
carbon continues its descent and begins to melt While these changes are going 
on, the limestone unites with the siliceous, and aluminous constituents of the ore 
and with the allies of the coke The slag also melts and trickles down with the 
molten iron through the incandescent coke. The molten mix tine collects at the 
bottom, so that the molten slag floats on the molten iron. The coke contains 88 per 
cent, of carbon, and the burning of the incandescent coke by the hot blast completes 
the fusion of iron and slag in the lower part of the furnace. The slag is drawn off 
at regular intervals from the cinder notch, ( \ and run into large ladles ; it is then 
hauled away to be crushed and utilized in the cement mills. The molten iron, 
containing about 3-f) or 4 per cent, of carbon, is drawn off separately from the 
iron notch, I. ) f about every four hours. About 100 tons of pig-iron are obtained at 
one draw, which occupies about a quarter of an hour. The molten metal is trans- 
ferred to the Bessemer converters or to the open-hearth furnaces to be transformed 
into steel. The blast is stopped for a moment to re-plug the notch. When the 
mass of material in the furnace is relieved of the supporting influence of the upward 
blast, it sinks a little. 

The air required for combustion enters the furnace just above the hearth at 
press, of about 18 lbs. per sq. in , and then passes through a series of water-cooled 
tuyeres. The hot furnace gases aic led by a large pipe from the top of the furnace 
into a dust catcher, and after being cleaned in a washer, they are passed through 
the hot-stoves. There are four hot-stoves to each furnace. The stoves are 
cylindrical plat e-steel structures filled with a honeycomb of firebricks. As the 
gases enter two of the stoves a certain amount of air is fed in with them, and the 
burning gas, passing through the stoves, raises the firebricks inside to a high temp. 
When the proper heat is attained, the gases are deflected into an adjoining pair of 
stoves, while cold air from the blowing engines is made to enter at the bottom of 
the 1 wo stoves which have just been heated, and in passing through the honeycomb 
of firebrick the air takes up the heat previously given up by the furnace gases, and 
thus enters the blast-furnace at a high temp. Tart of the heat carried off by the 
wabte gases of the blast-furnace is thus returned. The two Tight-hand stoves in 
the diagram are represented as being heated by the burning gases, which are led 
in and ignited at the bottom, while the valves from the cold-air pipe are closed. 
At the top of these two stoves the valves opening to the hot-blast pipe are -closed 
and the products of the burning gases pass into the atmosphere through the two 
smoke-stacks above the stoves. At the same time the valves opening from the 
cold-air duct at the bottom of the two left-hand stoves are open, while the corrc- 
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sponding gas valves just above them arc closed. The valves controlling the smoke- 
stacks are closed, and the valves opening to the hot-blast pipes are open. 

The nature of the slag is controlled by the proportion of limestone which is 
added, and that, in turn, is determined by the character of the siliceous impurities 
associated with the ferric oxide in the iron ore. In some cases where the ore is 
non-aluminous a certain proportion of an aluminous ore analogous to bauxite, or 
an argillaceous ore, may be added. 

This subject lias been discussed by L. Ulum, 1- (i. Boiitemps, 0. Bomloimrd, (). Bowles, 
C Hruiihudi, (1. (JroJf, II. Wedding, S. E. Brothcrlon, C. Brwkor, JO. V. Bntzko tmcJ 
i n workers, 1). H. Brown, Jl. B tire hurt z and O Bauer, H. ('hauvrnet, T J*. ( 'uJclnugli, 
V L,. May and JO S Shepherd, C. Dichmann, K. JUopHchlag and H. f i 'liegexihchmidt , 
K Diepaohlag and L Tivuheil, (\ Uralle, K. Endell, E. Faust, A. L Feild and co-workers, 
H Floissiier, J 10 Fletcher, O K. Foster, J. Four not, O. C* laser, \\ Ciiosso and \V Ilinklei, 
b CjJninor, A (Juttnmnn, VV. Harniekoll and H Durrer, A Jfarpt and fu-workors, F Jlart- 
)u aim and A Jaingo, .1. b\ b. IlauHmanii, JO. A. Henmm, (\ Jl. llcrt> and J. 31. CJiunes, 
b Hilgenstwk, \1 Hnllrniuin, VV O. Imhoff, C 10. Ireland, 1 JO. Johnson, J. L. Joseph and 
i o w oi Jkt rs, C. J. H. Ivarbten, O. von Keil and J'. Kctllcr, B. Keil, PO. Kochs and oo- workers, 
B KoMiiann, T. kurudu, A. Ledohur, B S. Mo( ’atTory and co workers, \V. Matlie&iiLs, 
( von Aluj rhoftoi, C M6n«, A. Mu hoi, W. Mra/elc, A Mund anti cu-workers, B. Neumann, 

H. J*ashow , J. J. Porter, (}. A. Kankni and F. K. Wiitfht, J< Bioko, P. Bnhlunri, J. Surek, 
h Ki Jilcic her, 10 H. Shepherd and eo workers, O Hinuncrhhwh. Al, Sunonis, L (b Smith. 
M Thoiisiioi, A E. Folding, A. do Vat ha ire, J H. L. Vogt, H. Wedding, (\ 10. Wood and 
T b Joseph, and JO. Zifnmermunn. 

In some case* calcareous iron oies can be associated with siliceous ores to pro- 
duce a self fluxing mixture. The brown ores, known as miiiette, occurring in the 
llhciush provinces are self fluxing , while some Styrian ores are higlily basic and 
require an acidic flux — like quarts, band, etc. M. Pa.schke and E. Jung discussed 
Mags for highly aluminous ores— c.g. those from Mayan. For acidic ores, where 
limestone is employed as a Uux, there have been claims that it is more economical 
*o employ uiustu lime, that is, the limestone is calcined before it is introduced into 
the blast-furnace, instead of leaving the calcination of the limestone to be done in the 
furnace. The desulphurizing properties of limestone were discussed by T. Turner, 
J E. Stead, etc. If von Juptner considered thal a state of equilibrium is established 
m the partition of sulphur between the slag and the metal, and that the partition 
bivouis 1 lie slags with the highest basicity— vide infra , sulphur T Turner found that 

I ‘‘1 ( uim .oilphide tends to separate from the slag and to solidify las! . if IWoldcnke 
lin'd fluorspar , and K. H. Saniter employed quicklime mixed with calcium chloride 
•i- desulphurizing agent , and E. J Ball and A. W ingham found that fused potassium 

h,i> a desulphurizing action Magnc-un limestone’* arc sometimes used. 
H S McFa/lery uml cu- workers discussed the viscosity of magnesian slags. 

I I t 1 . (Advert applied a patent foi the use of chlorine, or hydrochloric acid, or 
In pot lilonte in the blast-furnace, introduced preferably m the form of sodium 
y lilonde along with the charge. The object was to remove phosphorus and sulphur, 
vdurh united with sodium to form a slag. J. Percy reported no advantage luerued 
from ihc use of this nostrum. G. Kassel found the ferrous oxide combined as 
ferrous silicate is not reduced by the blast-furnace gases, and one function *>1 strong 
hu-.es like lime may be to drive the ferrous oxide from the silicate slag and so prevent 
imdue losses. The proportion of ferrous oxide in the slags of t he old Roman furnaces 

I, 1 f h f ‘ S(,l, t h of England was so great that the slags have been re smelted for iron, 

wist ui the oxide of manganese present in the ore is reduced and alloys with the 
1,011 infra, manganese -iron alloys but, according to (J. II. Ridsdule. the 

manganese is partitioned between the iron and the slag, somewhat as follows : 

Mn l in lion 0-5 5 10 JO-15 15 20 20-25 25 30 50-70 70-85 per rent. 

I in Hlag 10 1*5 2 0 2-5 3 0 3-5 4 0 4 5 per cent. 

1Vf(, y has quoted the results of experiments made at Ekaterinburg, m the 
rals ; at Ougree, in Belgium; and at Dowlais and Ebbw Vale, m Wales; and 
observations have also been made l>y L. Eck, C. Schinz, (J. I). Cochrane, 1. J,. Bell, 
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0. Wood, etc. According to T. Turner, the advantages and disadvantages attending 
the use of quicklime are so evenly balanced that quicklime is not likely to displace 
limestone except when small furnaces arc used, or where the gaseous products are 
abnormally great. R. II. Sweet ser, and R. H. Lee discussed the use of barium 
oxide ; M. Paschke and E. Juug, alumina , F. Petry, magnesia ; and R. M. Keeney, 
fluorspar. K. Iwasc and M. Fukushima studied the influence of siliceous matters 
on the reducibility of iron ores. The adjustment of the furnaee charge for 
particular ores has been discussed by W. (\ Roberts-Austen, t 1 . A. M. Bolling, 
H. f\ Jenkins, A. W T mgliam, F. F. Amsden, W. Macfarlane, W. Mrazek, F. Toldt, 
B. Platz, L. Blum, F. Wit tmann, S. 1*. Bjerregaurd, etc. (4. Lunde and T. von Fellen- 
berg noted the occurrence of iodine in the slag. 

In 1728, J. Payne, 19 and in 1813, J. Mander and co workers patent ed processes 
for utilizing blast-furnace slag fur making bricks, quarries, tiles, etc. The utilization 
of slag for levelling and reclaiming waste land, as road metal, as railway ballast, 
for sewage filter beds, for making bricks, paving blocks, cements, etc., has a large 
literature of its own The waste heat of the slag has been utilized for evaporating 
pans, 20 and in the generation of low-press, steam. Slag ma\ be granulated by 
allowing it to trickle into cold water, and if a jet of steam be blown into the molten 
slag, slag-wool is formed, and this is used as a non-inflammable material for packing 

Many collections of analyses of blast furnace slags have been reported h\ 
B Kerb 21 A. Lcdebur, J Percy, A. von Kerpely, (\ F. RammeLberg, K Riley. 
W. H, Miller, G. Lindaucr, II. Pilkington, J. II. L. Vogt, I. L. Bell, (’. K. Schafhautl 
B. Platz, F. lvupelwieser, H. Ratlike, etc. With charcoal as fuel the composition 
ranges from about 45 to 65 per cent silica, 5 to JO per cent, alumina, and 30 to 15 pci 
cent, bases. In A. Ledebur’s collection the silica ranges from 40*95 to 66-90 , ilu* 
alumina, 3*33 to 8*70 ; the magnesia, 0*57 to 10-32 ; the lime, J7-(X) to 31*23 ; tin* 
manganous oxide, 0-85 to 4*09 ; the ferrous oxide, 0*79 to 2*70 ; the potash and soda, 
0-32 to 3-85 ; and the calcium sulphide, 0-38 to 210 While with coke as fuel the 
silica ranges from 30 to 35 per cent., the alumina, 10 to 15 per cent., and the base-. 
50 to 55 per cent. In A. Ledebur’s collection the silica ranges from 23*59 to 47*94 , 
the alumina, 714 to 24-69 ; the magnesia, 1*09 to 18*30, the lime, 30-80 to 47-20, 
the manganous oxide, 0*19 to 4-91 ; the ferrous oxide, 0*21 to 1-60 ; the potash and 
soda. 0*50 to 2*35 ; and the calcium sulphide, 1-33 to 9-08. According to (J. Lunde 
and T. von Fellenberg, all common varieties of iron and steel contain 0*1 to 1*10 
mgrm. of iodine per kilogram — average 0-1 to 0-15 rngnri. per kgrrn. P. Bcrtlnci, 
E. Riley, and J. Percy emphasize how rarely is phosphoric oxide found in blasi- 
furnace slags, although the 0*15 to 3-51 per cent, found by E. Riley was considered 
to be exceptional, and was due to the imperfect reduction of the iron. V. 0. von 
Leonhard found samples with high proportions of phosphoric acid. The reduction 
of phosphoric oxide to form iron phosphide was discussed by N. Kjellberg, and 
(4. Hilgcnstuck. The reduction of some silicon which alloys with the iron as silicidc 
was discussed by A. Lampcn. H. Bansen investigated the conditions of the 
materials at the lower stages of their descent through the furnace. 

Although the materials are introduced into the blast-furnace in layers, the layers 
aie broken up as the charge descends. The way the materials arc distributed 
in the descending charge was found by F. Brabant 22 to be dependent cm the shape 
and size* of the furnace, and more particularly on the diameter of the mouth and 
the diameter of the charging cone. The subject was aku studied by I. L. Bell, 
T L Joseph and co-workcrs, J. Bohm, T. J. Ess, B. V. Vuistavkin and co-workers, 
E. (J. Evans and co workers, E. Cotel, A. Peters, J. R. Young and R. 0. Irving, 
R. A. Hacking, S. P. Kinnay, A. Siegel C. C. Furnas and T. L. Joseph, 
R. H. Richards and R. W. Lodge, and E. C. Pcchm. A cone of relative!}' 
large diameter gives an accumulation of coarse material in the centre, so 
that the ascending gases pass more readily up the centre than up the sides 
where the finer material tends to accumulate. If a very marked separation occurs, 
the finer ore may be imperfectly reduced, and the smelting is then irregular. If the 
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hell is relatively narrow, the centre is finer and the outside coarse, when the 
smelting is irregular and the furnace lining is unduly worn. L. E. G rimer found the 
solid charge descended at the rate of about 20 ins. per hour, but in some modern 
furnaces T. Turner said its rate of descent is not infrequently 5 ft. per hour. 

G. Bulle, J. Stocker and G. Bulle, C. 0. Furnas and T. L. Joseph, R. T£. Sweetser, 
W. Lennings, H. Bansen, E. Bertram, S. P. Kinney, etc., studied the effect 
of variations in the grain-size of the charges. 

Estimates of the temperature in different parts of the blast-furnace were made 
by J. J. Ebelmen 23 about 1844, and later by 1\ von Tunner and R, Richter, 
S. P. Kinney. G. Eirhenberg, A. Wagner, F. Kupclwieser, 

M. Jung.sf, P Rlieinliinder, II. Allen, L. Rinnum, and 
L Rinnmn and B. Fernquist. According to H. le Chatolier, 

(he highest temp, of the blast-furnace is in front of the 
tuyeres, and it is about 1930°, and tin* first part of the tap- 
pings of grey east iron had n temp of 1400”, while the last 
and hottest portions had a temp, of 1570'- — Swedish white 
east iion melts at 1135°, and grey cast iron at 1220°. Again, 
according to I. L. Bell, the waste gases from a modern blast - 
furnace burning coke vary from 150° to 27(i tI the lower 
temp corresponds with the introduction of fresh ore. The 
greatest variations are due to irregularities in the charging. 

The temp curve for a furnace 75 ft. high, indicated in Fig. 15, 
is based on the observations of F. dements—*/, also Fig. 10. 

An oidujg to L. E. Griiner, the average rate of ascent, of 
the gases in the blast-furnace approximates about 20 ins. per 
second, but with some modern furnaces T. Turner said that l< t lir e Zones 
the speed of ascent is iuurh greater. Numerous analyses have Kurnnre. 
been made of the gases emitted at the top of the blast-furnace, 
and also of the gases at different levels in the furnace. The division of the furnace 
into specific zones of react ion has been based these analyses. There are. of 
course, no hard-und fast linos of demar- 
cation between these zones, but certain 
reactions are favoured in particular regions 
of temp. Reports on t lie composition of 
the gases have been discussed by R. Bun- 
pen, 24 R. Bunsen and L. Playfair, J. J. 

Ebelmen, T. Scheeror and <\ Langberg, 

J- Stoccker, G. Heine, J J. Berzelius, 

1*. Lodebur, W. van Vloten, A. Jaumain, 

B Osann, L. K. Grunor, F. Kupel wiener 
and R Sohbflcl, R. Schoffcl, L. Rinman, 

Rinman and B. Fernquist, A. Tamm, 

F. \\ . Lurmamu E. Bellani, M. Levin and 

H. Niedt, W. JIawdon. H. von Jiiptner, 

P. von Tunner, P. von Tunner and 
R. Richter. I. L. Bell. J. E. Stead, 

.1. Percy, H. Wedding, P. Gredt, and (\ Stockmann According to A. Lcdebuu, 
the following analyses may be regarded as typiral of the exit gases : 




Fi«. 1C. The Changes of Temperatui* 
and of the Composition of the CiOH‘s at 
Different Level* in the Pla^t-Furnnec. 


Charcoal fuel 1 V V 1- 
I wt. 

Coke fuel * vo ^ 
i wt. 


a. 

CO 

CO, 

H a 

Ul 4 

5G-7 57-G 

23-1 25 5 

14-7 IB-3 

17 4 3 

U-5-0-8 

5 3-3 55 0 

22-1-23-8 

22-3 224 

0-1 -0-3 

0-3 0-4 

500-G28 

23-5-31-0 

5-3-13-8 

0-1-21 

0-4-22 

55 0 615 

219-301 

8-1 20-2 

0-01 01 

0*2-1 -9 


Observations on the distribution of the gases in the blast-furnace have been made 
b y M. Levin and H. Niedt, H. Niedt, N. Metz, W. A. Schlcsinger, M . Zyromsky, 
voi.. xii. 2 Q 
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S. P. Kinney and co-workers, C. Aldcndorff, F. Lange, C. Eichcnberg and P. Ober- 
boiler, G. Bulle, F. Sauerwald, H. Lent. R. Franchot, H. Koppers, P. Roichardt, 
H. H. Meyer, F. Wust and P. Wolff, W. Lennings, and R. Schenck. The results of 

S. P. Kinney are summarized in Figs. 16 

l\ 1 XT ; T.r : t: 1 “d i7. 

T^lX | | ’ J ] A little hydrogen is found in the gases 

7 K ^ . jSL J I * I in all parts of the furnace : it originates 

jji < / \ VV \ | 1 from the moisture in the air-blast and in 

/ P ' ‘ the raw matcr ^ fi : 0+H./KCtH-H 2 ; 

? / Tll!Jrl"kAs: and, according to N. Metz, CO-fHjjO 

l vj' * — -A+y -- C0 2 +H 2 . According to W. Muller, the 

ff\' * — - — r ] I • / hydrogen begins 1o reduce iron oxides at 

o L pJ -1 - £-£-■ I — about 277°. The subject was discussed 
*"f - 'a oo8 06 0 # or OM' by W. van Vloten, B. Osann, and W. Len- 

Fia. 17. — n lances in tho Composition of nings. Not only methane, but, as shown 
the Metal at Different Levels in the Blast- by the analyses of R. Bunsen and L. Play- 
l umare. fair, an( j others, unsaturated hydrocarbons 

may also be present ,1. J van Laar discussed the relation between the working 
temp, of the furnace and the temp, of the blast necessary for a given fuel consump- 
tion provided that no carbon dioxide is present in the exit gase«. 

Small quantities of hydrogen sulphide also occur in blast-furnace gases. (3. Hilgen- 
stock found that the sulphur content of the gas did not exceed 0 06 per cent. The 
subject was discussed by T. L. Joseph, H. Wedding, and F. Wust and 1\ Wolff 
The desulphurizing action of slags was discussed by L. Blum, It. Bolling, H. L. Diehl, 
F. Firmstonc, 0. R. Forster, C. Frick, H. Geiger, C. II. Ilerty, G. Hilgenstock. 
0. Johannsen, J. E. Johnson, T. L. Joseph and co-workers, A. Killing, S. 1\ Kinney, 
A. Ledebur, L. M. Lindemann, It. S. McOaffery and J. F. Oesterle, A. McOance, 

F. Muck, B. Osann, E. H. Kaniter, It. Bchufer, E. Schulz, 0. Si miners bach, 

G. J. Snelus, J. E. Stead, N. B. Wittmann, C. E. Wood and T. L. Joseph, and F. Wust 
and P. Wolff — vide infra , the action of sulphur on iron. The action of silicon or 
silica in the blast-furnace was discussed by T. Bohm, 25 S. L. Goodale, II. 0. Green 
wood. II. Hanemann, F. Lange. A. Lcdelmr, H. H. Meyer, G. Tanmiann and 
G. Batz, H. von Wartenberg, F. Wust, and F. Wusl and A. Schuller —vide, infra , 
the action of silicon on iron. The behaviour of titanium in tho blast-furnace was 


discussed bv E. Bahlscn, 20 It. Durror, J. Head, J. A. Heskett, J. F. Kemp, 
A. J. ltossi, 0. Simmersbach, and 0. Vogel - -vide infra , the action of titanium on 
iron. The behaviour of phosphorus was discussed by 1. Bolim/ 27 W. Matliesiuv, 
H. H. Meyer, S. Stein, W. van Vloten, and F. Wust — vide infra , the action of phos- 
phorus on iron. Blast-furnace gases may contain varying quantities of ammonia ; 
and G. Hilgenstock observed 0-06 grm. of ammonia per cubic metre of gas. 
A. E. Fletcher, H. Allen, F. W. Paul, and A. Gillespie discussed the recovery of 
tar and ammonia from blast-furnace gases. 

R. Bunsen and L. Flayfair 28 observed 1*34 per cent, of cyanogen in the lower 
part of a blast-furnace ; H. Wedding thought that some mistake had been 
made, but W. Haute and H. von Schw r arzc observed that cyanogen may be formed 
under the conditions which prevailed in ' ae blast-furnace. In 1826, P. Berthicr 
observed impure potassium carbonate in the hottest part of a blast-furnace at 
Merthyr Tydvil, and he inferred that it was derived from the ironstone employed. 
Possibly the substance collected by P. Bcrthicr also contained cyanate, but not 
suspecting itB presence, ho failed to detect it. K. Jurisch noted the occurrence 
of hydrogen cyanide in blast-furnace gases. M. Desfosses observed that potassium 
cyanide is readily formed when nitrogen is passed over charcoal at a red-heatr— 
the alkali, of course, was present os an integral part of the charcoal^ G. Townes, 
and W. Hempel have confirmed this observation. J. Dawes obtained a patent for 
collecting potassium cyanide from iron-smelting furnaces by the introduction of a 
pipe near the tuyeres of the furnace. J. C. L. Zinken and C. Bromeis, H. von Jtiptner, 
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0. J. A. Scheerer, J. Muller, L. Eck, A. Gillespie, H. Braune, A. K. von Kerpely, 
W. McOonnachie, C. A. Meissner, C. Catlett, R. Franchot, F. Lange, 8. P. Kinney, 
A. Lefobvrc, 8. P. Kinney and E. W. Guernsey, W, Haufe and H. von Scjiwarzc, 
R. Peters, and J. Rodtenbacher discussed the occurrence of potassium cyanide in 
iron-smelting furnaces ; R. Bunsen and L. Playfair collected a considerable quantity 
of potassium cyanide from a blast-furnace at Alfreton. W. C. Roberts-Austen dis- 
cussed the part possibly played by cyanides in the reduction of the ore ; J. Percy, and 

1. L. Bell consider that this is very small. H. Bniune, and Tl. le Chatclier emphasized 
the fact that the formation of too much cyanide in the lower part of the furnace 
lowers the quality of the product, since nitrogen is absorbed by the iron from 
cyanides, but not from atm. air — mda nitrogen and iron. H. Kinder showed that 
besides being derived from the decomposition of carbon monoxide, the carbon found 
m the refractory linings of bricks may be due to the presence of cyanates of alkali 
metals in cuke and ore: K 2 ( < O a f-N 2 I- 4(1 -2KUN -f.'MJO, and KCN+COj—KCNO 
-) CO ; and with steam, and carbon dioxide, 2KCN()-[ C()j-| JI 2 0 — KgCOg-f 2H0N 

[ 0 , ; und the latter in contact with particles of iron in the brick furnishes carbon, 
hwlrogcn, and nitrogen. These results were discussed hy JL Ditz. F. W. Lurmann 
lound that the alkali cyanides also act deieteriously ou the linings of blast-furnaces. 

The furnace gas carries along with it a fine flue-dust, which settles along the 
track of the gases as a white or yellowish-white powder. Numerous analyses have 
been rep irteil by E. JC hernia ye r, 2W B. H. Thwaite, B Kerl, J. Pattinson, P. von 
Tunner. A ion Kerpely, A. Engelhard!, G. Leuclis, H. Wedding, J. Percy, 
K W Lurmann, A Ledebur, R M. Collet., V. le Vrarici, W. B. Phillips, C. Prailel, 
and C. F. Ranmielsberg. J. Percy quoted the analysis . 

I .ISO* MnO CaO AlgO Jv„0 Al a () a 1 c 2 O a SiO, 

1-42 1 77 2 30 1 13 I SO 8-43 47 03 30 33 per cent. 

This is of no particular use Sometimes, however, a relatively large proportion of 
potash salt is present, which can be lemovd by Imviation with water. The 
following is quoted by A. Ledebur . 

Nmi an Mun f Nii g n Irll, MnH 2 r,iso 4 k^so, sio a Fi 4 O b h jO 

U*b9 13 02 19 20 10 93 0 39 0-5l" 0 JO 5-27 31 14 0 04 1 47 9-92 per cent. 

G. Bolin found a giev maleiial m a blast-furnace at Eisenerz with constituents 
corresponding witli : 

Key KOI > KCI K 2 < O., Na,COj Insoluble 

29 52 2 09 2-83 40 39 10 72 17-3A per rent . 

K Piiwozmk found that dust of a blast-furnace of the Austrian Alpine (Jo 
('obtained : 

KCy KOCv KSCy K 4 Ve( , y* Fe 1'uUl K 

0 0B 0-99 0 24 7-86 0-80 33-29 per rent. 

0003 0-03 001 0-42 2H-05 0-61 

Jhc occurrence of potassium salts in the flue-dust of blast-furnaces has been 
discussed— 2. 20, 5. 

The collection of analyses by F. W. Lurmann shows wide variations, and there 
may be present, in addition, sulphides or oxides of tin, lead, zinc, copper, silver, 
aluminium, antimony, thallium, manganese, iron, calcium, and magnesium ; also 
i h In rides, sulphur, and carbonaceous matters. (J. H. Lundstrom reported bismuth 
in the blast-furnaces at Finshytte ; L. Blum, J. J. Porter, M. Paschke, and F. W. Lur- 
2 ^ nc oxide ; I. A. Baar, I. L. Bell, F. Biclieroux, I. Bohin, W. D. Brown, 
I , ■ I^avis, M. Derclaye, J. E. Fleteher, R. Forsythe, L. Gruncr, 0. F. Hudson, 
LE Johnson, H. von Jiiptner, A. Korevaar, A. Ledebur, R. Lorenz, W. Mathesius, 
H TK von Schwarz, A. H. Sexton, 0. Simmersbach, B. Stoughton, 

a ' r j an .^ * • Turner, manganese oxide ; W. Heike, lead and copper ; 
. Ledebur, Bilver ; R. von Seth, and 0. Vogel, vanadium ; E. D. Campbell, 
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copper, nickel, and cobalt ; J. Pattinson and J. E. Stead, W. Mathesius, and 
0. Simmersb&ch, arsenic ; A. Ledebur, antimony ; and L. Blum, chlorides. 

The recovery of the potassium salts from blast-furnace gases was discussed 2. 20, 4 . 
The cleaning of the gas from dust is a problem in chemical engineering ; and so 
also is the utilization of the waste-gas as a gaseous fuel. As an example of what 
can be done the following, according to J. B. Walker, represents the practice 
at Gary : 

Part of the *“ waste gases ” poured out of the blast furnace are employed for heating 
the hot stoves ; for raising steam in batteries of boilers ; for operating gas engines for 
running the furnace blowers ; and also other gas engines for operating generators for the 
supply of power and light. The twelve blast furnaces at Gary produce 40,300,000 c. ft. of 
gas every hour. Of this amount 30 per cent, is used in heating the hot stoves ; 7-5 per 
cent, is used in the steam-power plant ; 2-5 per cent, is used in the primary washers for the 
hot-blast stoves, and in the secondary washers to clean the gas before it passes to the gas 
holders ; 15 per cent, is used by the blowing engines ; and the remaining 45 per cent, is 
available for running the gas engines in the electric power station. The purified gas has 
an average heating value of IK) B.T.U. per c. ft., and it is estimated that two and a half 
times as much con be derived from a given quantity of gas with gas engines as can be 
secured with boilers and steam engines. The blast furnace gas at Gary serves to operate 
fifty-seven 2500 to 3000 horse power gas-driven generators and blowing engines. 

As indicated above, the molten metal from the blast-furnace may be run directly 
into ladles and conveyed to converters or mixers to be made into steel ; it may also 
be run into ladles and conveyed to machines where it is cost in iron moulds or chills. 
The old method of casting is to run the metal from the furnace to the depressions 
or moulds in the sand floor of the so-called pig- beds. The channel along which 
the iron ran to feed the moulds and the moulds bear a fanciful resemblance to 
a litter of sucking pigs ; the runner was called the sow, and the iron in the moulds, 
pigs. Hence the term pig-iron. The pig-iron cast in sand moulds is also called 

sand-cast pig , and that cast in metal moulds or 
chills is called chill-cast pig , and where machine 
casting is employed, machine-cmt pig. The rate of 
cooling of sand-cast pig is sufficiently constant 
to enable a trained eye to obtain a rough indi- 
cation of the proportion of contained silicon from 
the appearance of the fractured surface. Thus, a 
grey open fracture indicates a high silicon content, 
whilst a white fracture corresponds with a low pro- 
portion of silicon. The appearance of the fracture 
also gives a rough indication of the proportions of 
free and combined carbon, in that a grey iron is 
high in free carbon and low in combined carbon, 
whilst a white iron is low in free carbon and high in 
combined carbon. The indications are not so reliable with pig-iron cast in iron 
moulds, where the cooling is faster and more irregular. 

One way of classifying pig-iron is based on the relation of free or graphitic to 
combined carbon. If much of the carbon be “ free, 75 the iron is called grey pig- 
iran ; and if much combined carbon be present, white irig-iron ; intermediate 
varieties furnish mottled pig-iron. The following analyses will illustrate the 
difference bet ween the three varieties of pig-iron : 

(»rt*y Mottled WJiitc 

Combined carbon . 0-90 1-8U 3 00 per cunt. 

Free carbon 2*8 1-40 0*10 per cent. 

The grey and mottled varieties may be further subdivided. Pig-irons, too, are 
often graded according to their source, because certain districts work » 
specially pure or a specially foul ore, and this gives the iron from these 
districts characteristic properties — good or bad. Another system of classification 
is based on analysis. For example, T. Turner represented the analyses of 



Fig. 18. — The Grading of 
Cleveland Pig-Iron. 
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different grades of Cleveland pig-irons by Fig. 18. The percentage of sulphur is 
multiplied by 5 for the sake of clarity. All the samples from the Forest of Dean 
contained traces of copper. Another system of classification is based according to 
use. These different forms of iron-carbon alloys with over 2 per cent, of carbon 
art 1 also called cast iron — vide infra , nomenclature. Cast iron is not malleable, 
nor can it be welded. It is used for casting articles — stoves and ornamental iron — 
which with ordinary usage are not likely to be subjected to shocks. Cast, iron is 
the starting-point, for the manufacture of wrought iron and steel. The so-called 
foundry iron for remelting includes foundry pig, malleable -iron pig, and charcoal 
iron. Foundry iron usually has sulphur below 0-05 per cent., and manganese up 
1<> about 2-5 per cent, or even more, and silicon up to 3 per cent, or even more. 
H. Allen said that foundry iron is generally not so grey as Bessemer pig-iron, and 
1 hat the limits of composition for average qualities are : 

lnrC (‘diiihliii'd 0 Silicon Sulphur Phosphorus MtingaiiCHC 

2*19-3*85 0*06 0*75 1-71-311* 0-01 0-05 0 01 1-77 0*26-1 *08 per cvnt 

According to H. Littlcliales, the term bloom is the earliest known name for tlio iintss of 
metal obtained by smelling iron ore Bloom is mentioned m many documents of the 
Anglo Saxon period, and it. was in use for some centuries. In the fifteenth century Die 
ierin hou' was sometimes used m placu of bloom ; and just as in the fifteenth century soir 
ousted the term bloom f so in tno early part of the sixteenth century tho term jny displaced 
tho term toir for tho lump of iron from the ore*. The old easting bod consistod of a mam 
channel with smaller channels at the side. It has been accordingly suggested that the 
tasting of rnetal m tho main channel uan known as time, and the castings in the smaller 
channels as pw*. Actually, however, documentary evidence makes it probable that the 
term jmj properly belongs to one period and ww to another. 

The pig iron produced with charcoal as fuel is usually made in blast-furnaces of 
smaller dimensions than when coke is used, and the product is usually of a higher 
degree of purity than ordinary pig irons. For instance, the limits of composition of 
six grades of Swedish pig-iron, made with charcoal, range from : 

Kni* I Combined C Silicon Sulphur J’Imjb phono* Mangnnear 

3-20-4-10 0 21) 0 86 0-02-1-38 0 01-0 03 0 01-0 05 0-06-2-40 per rent. 

W. Danielsen said that good Swedish charcoal iron has less than 1-25 per cent, of 
Hlag, and thnt the range of composition for : 

C Mn Si V B 

Finished iron 0-02 0-06 tr. 0 10 0 02-0-04 0 04- 0-07 0 005-0*010 par cent. 

Melting bars 0 06 0-14 0-04-0*10 0*02 0-04 0*015 0*022 0-005 0-010 per rent. 

Forge pig-iron for puddling, etc., haa a higher proportion of combined and a smaller 
proportion of free carbon, and accordingly it has a whiter fracture. It is usually 
produced at a lower temp, than the greyer varieties of iron. The limits of 
composition for average qualities an* : 

Free C Combined 0 Silicon Sulphur PhuBpltorus Manganese 

1 75-2*07 0-33- 0-89 0*99-3*75 0*04 0*34 0*04-3-05 0*06-2-25 per cent. 

A still lower grade of pig-iron with a mottled fracture has the limits of composition 
varying between : 

Free C Combined C Silicon Sulphur Plmspliorii* Manganese 

1 07-2*55 1 25-2*31 0*70-1*79 0*10 -0*30 0*02-1*50 0 14-1 13 per cent. 


whilst the lowest grade of ordinary classes of pig-iron is white in fracture and very 
brittle, with limits of composition varying between : 

Free C Combined C Silicon Sulphur Phosphorus Manganese 

0 to 0*88 2*28-3*50 0 38-1*69 0-15-0*36 0*03- 1*40 0*19-1*10 per cent. 

The steel-making irons include the so-called Bessemer pig-iron for conversion intc 
steel by the acid process. The composition of a grey Bessemer pig-iron was : 


Free C Combined 0 Silicon 

3 ‘43 0-33 2*51 


Sulphur Phosphorus Manganese 
0*02 0*04 0*48 per cent. 
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The pig-iron used for the basic Bessemer process or the Thomas-Gilchrist process 
has sulphur l)elow 0*2 per cent., silicon below 1 per cent., phosphorus 1 T> to 3-0 per 
cent., and manganese about IT) to 2*5 per cent. The so called low phosphorus 
pig-iron, used for making steel with an extra smull proportion of phosphorus, has 
under 2 per cent, of silicon, below 0*03 per cent, of sulphur, below 0*03 per cent, of 
phosphorus, and briow 1 per cent, of manganese ; and basic pig-iron -white or 
mottled— has less than 1 per cent, of silicon, less than 0*05 per cent, of sulphur, 
less than 1 per cent, each of phosphorus and manganese. The so-called ferro-alloys 
include ferromanganese, ferrosilieon, silicon spiegels, etc. T. E. Holgatc gave : 

Free C Combined C Silicon Sulphur 1’lioRphorua Manganese 

^Huoub ' ° 2 "* H K5t 17-tMI 0-041 0 078 0 047-0- 11 5 1-07-3 2B per cent. 

S fJiiogrkl 0 ' 33 113 ° 2 " 1,45,074 15 !M — 0-074 -0-01(5 1904- 24 3(1 [wr tint. 


Ferro- \ 
manganese I 


4-27- u -31 


011 112 


0 078 -0 175 8 11 87-02 per cent . 


A. Kayser found 0*07 tu 0-21) per cent, of calcium, and 0*03 to 0*38 per cent, of 
magnesium in pig-iron from Bilbao. A. Ledcbur found in Hungarian pig-iron . 
total carbon, 3-500 per cent.; Si, 1-480; 1*, 0-123; K. 0-007 ; Kb, 0-001 Kn, 
0-003 : Pb. 0-005 ; Pu, 0-265 ; (‘r, 0-012 ; Ni. 0-011 ; Mn, 2-4 In ■ and Ti, 0*039 
and m Upper Silesian pig-iron: total carbon, 2-518 per cent , Si 0-202, P 
2-36M ; K. 0-117 , Am. 0-006 ; Kb, 0-001 ; Pb, 0-002 , Vu t 0-090 , Ci, 0-073 , Ni, 
0-016; Mn, 0-702 : Ti, 0-036 ; Co, 0-01 1 , and V, 0*072 ; A Pomvel gave for a 


French pig iron : 2-257 ; Si, 3-265 * I\ 0150 K. 0-036 ; Mn, 0-388 A1 0-028 , 

Or, 0-027 , V, 0-012 ; Ou, 0-009 , Ni, and Vo. 0-033 , As, 0 015 , Kb, 0-011 , C.i, 
0-072; Mg, 0-100; and Ti, 0-025 W N Hartley and H. Hamage observed indium, 
gallium, thallium, and molybdenum m iron ores Observ.it ions on the grading 
and composition of pig-irons wore made by T. Turner, K. Dueves, (J, L Luetscher. 
E. Adamson, A. Poured, II Pilkington, 1 L Bell, II. J* Tienumn, J. E. Johnson, 
E. A. Kebler, etc. Cl. Batz discussed the ext i act ion of iron pyrites from the ores 
In lor alities whore carbonaceous fuel is costly and cheap water power is available, 
it has been found possible to generate electricity and use it as a source of heat fm 

smelting iron. There has been quite ,i 


Trip '>o } r ^ 


hvi‘ *r rt'Kj jj: number of methods suggested for I In 

1 r — 1—1 * trseal electrical smelting of iron ores. These .m* 

{ [ — y — 2 j\\ described in various books on electne tin 

k V ' n aces. Ml Tlie following description of the 

©S 1 smelting plant near Domnarfvel , Sweden 

I .> ■ i .1 [ was furnished me b) Mr Harold AlmquM 

1. j when visiting the plant in Sweden. Ih k 

* sQ id ; The essential ditTerenee between the 
electrical process and tlie blast-furnore pro 
i cess that the fuel required for heating 

| J and melting in the blast ‘furnace is replaced 

ffl ® fcjl J by electrical energy. In the eleetric smell 

/ uig-furnace only that quantity of charcoal 

or J° r t-educing the ore J" 

, r t gg \pjtaS9w3 3 charged into tlie furnace. No air is blown 

.4_jLyr[-, ~ r into the furnace, so that the combustion of 

1 the carbon can be effected only bv the 
.. 1( . c l4 oxygen of the ore. The differences m 

design and operation between an oruman 
blast-furnace and an electric smelting-furnace are due to these conditions. A 
section through the furnace is represented in Fig. 19. The shaft and hopper 
arrangements at the top are similar to those of a blast-furnace. '1 he furnace < an be 
charged in an> convenient way. The lowei part, or hearth, differs from that of an 


Fig. 19 — Electric S/nclting-Furnace. 
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ordinary blast-furnace. It consists of a large crucible the walls of which are con- 
nected with the shaft of the circular roof or arch. Four to eight electrodes are 
inserted in the arch, and they have a diameter of 60 to 70 ems,, dependent on the 
capacity of the furnace. The current is brought, to the electrodes by copper busbars 
so as to allow a load of -2 amps, per sq. trim. The high-tension lines outside are 
connected to switches, etc., in a high-tension switchroom behind the furnace, and 
thence coupled to transformers, which bring down the voltage to 60 or 100 volts. 
The transformers stand as near as possible to the furnace and are connected with 
the same by the busbars. 

Gub is drawn from the furnace at the top of the shaft and cleaned in llie usual 
way. Tart of it is again blown into the furnace through tuyeres placed around 
the upper part of the hearth mantle, thus directing the cold gas into the interspace 
formed between the arch and the incline of the furnace charge. A certain quantity 
of gas is therefore alwuys circulating in the furnace. The proper circulation of the 
ga-* is a very important factor for Ihe successful working of the furnaee. The gas 
cools the roof and thereby increases its life ; it also distributes the heat and ensures 
the progress of the chemical reactions evenly between hearth and shaft. The 
formation of gas in an electric furnace is naturally considerably less than in a blast- 
furnace where about three times as mueh carbon is burnt. The heat carried by the 
gat* from the hearth up through the shaft, as well as its ability to produce chemical 
i curt ions, is therefore less in an electric furnace than in a blast -funnier. This is 
counterbalanced by the gas circulation. The carbon dioxide of the gas is immedi- 
ately reduced to carbon monoxide, which higher up the shaft is again oxidized 
during the reduction of the ore. 

The operation of the electric smelting-furnuce is very sensitive and requires 
careful attention. For instance, the amount of carbon in the charge must be exactly 
adjusted to tlie oxygen of the ore. If too much carbon is used, the excess cannot 
be burnt olT, and it accumulates in the hearth, thereby producing a 14 hot run.” 
On the other hand, if insufficient carbon is employed, the reduction will be 
incomplete, and the furnace will “ run cold.” 

The iron ore employed at Domnarfvet is the well-known G rim ge> berg magnetite 
mixed with some haematite and apatite ; its composition is : Fe 3 () 4l d.VOO per cent. ; 
FcoO ;i , 20-00; MnO, 0-30 ; MgO, 2-00; (ViO, 4-00; ALO a , 1*0, BiO* 4-50; 
and JM) 5j 2*40. The pig-iron produced has the composition : 


Carbon Silicon 

2-70 0'80 

M.inganrsc 

1-20 

Phosphorus 

2*00 

Sulphur 

0-01 por cent. 

The slag has the composition : 




FeO MnO Mgt) 

1 00 2-90 1000 

CaO 

42*00 

AljO, SiO, 

7-10 3400 

PA 

0-90 por cent. 

The analysis of the furnace gas is : 



CO, CO 

20-21* eo-or* 

H a 

10 15 

N 

1*0 1*5 

Hydrocarbon' 

The lost |>or cent. 


Hie gas from the electric furnace is in consequence considerably richer than 
ordinary blast-furnace gas, and this is an appreciable item on the credit side of the 
electric furnace account. The, excess of gas has been estimated at about T>00 cubic 
metres per ton of pig-iron, and it can be utilized us a fuel in metallurgical furnaces, 
for lieu ting boilers, cte. 

The fuel or reducing agent in the electric smelting-furnace is charcoal. The 
difficulties with coke are its low electrical resistance and high density, and there is 
a tendency for it to graphitize on the high -temp, zone about the electrodes. The 
electric smelting-furnace can be used with good economy only when the electric 
power is cheap. If the price per kilowatt-vear exceeds about £4, the other items in 
the production costs must be low if the electric furnaces are to compete with blast- 
furnaces using coke at the ordinary price. 
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G. Tammann and G. Bate , 32 G. Tammann and C. F. Urevemeyer, G. Bogitch, 
F. Sauerwald, and G. Kassel studied the extraction of iron from silicate ores ; and 
the extraction of iron from silicates by the electrolysis of the fused ore has been 
discussed by F. Sauerwald and G. Neuendorff ; and from pyrites, by G. Ongaro, 
R. D. Pike and co-workers, F. A. Eustis, and M. Guedras. J. Reese, C. Adams, 
M. Boistel, and S L Madorsky studied the manufacture of iron by the reduction 
of molten iron oxide by hydrogen. 
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(hew. Mtt. Engg., 25. 193, 1921; T>. A. Lyon, ib., 6. 139, 1908; 11. 15, 1913; Trans. 
Amer. E lee trot' hern. Sor.. 15. 39, 1909; Journ. Franklin Inst., 177. 187, 19J4; Rev. Ehctrochimiv, 
7. 210, 1913; 1) A. L\on, K. M. Keeney and .1. F, Cullen, The Electric Furnace in Metallurgical 
ll'orfc, W aslunplon, 1916; I). A. Lyon and It. M. Keeney, Chcm. Met. Engg., 11. 577, 
1913; Hull. C.S. Hnr. Mines, 77, 1014; Trans. Amer. Elecirochem. Soc., 24. 119, 1913; 
R. C. (Wow. ib„ 41. 109, 1922 ; Iron Trade Rev., 74. 982, 991, 1924 ; (’Jew. Met. Engg., 27. 
490, 1922; Foundry , 49. 242, 311, 1923; Journ. Electricity, 47. 265, 1921 ; E. F. Burelmnl, 
Mm. Resources C.S. (hoi. Svr., i, 1, lull; (\ van Langcndunck. Iron Age, 94. 478, 1914; 
1- Bart hen, */>., 93. 252, 1914 ; F. llodson and M. St-in, ib., 113. 1585, 1924 ; F. Hudson, C hem , 
Met. Engg., 25. 881, 1921 ; M. Kom. Tek. UkMid, 41. 37, 103, 1923; 0. Moyer, thschichte des 
Elektroeisens nut btsondcrer Berne ksic hi igung der zu seiner Erzeugung bcsiirnmten dcktrischen Oefen, 
Beilin, 1914 ; M. (Georges, Efektnschr Oefen, Leipzig, 1914 ; G. Tvaland, Tek. Ckeblad, 42. 239, 251, 
3924 ; L. M. Lmdenian. Stahl Eisen , 35. 1265, 1915 ; L. Lvelu\ ifc.. 43. 110, 1923 ; J. 0. Boving, 
Iron Agt, 93- 1208. 1914; Iron Coal Trade* Rev., 94. 601, 1917; H. Rtyri, ib., 98. 43, 1918; 
Iran*. Amer. Elect rothem. Soc., 32. 129, 1918; It. Turnbull, ift., 34. 143, 1918; 41. 59, 1923; 
Bull. Canada Min . Inst., 46. 2, 1908 ; Trans. Amer. Electrochem. Sik., 32. 119, 1917 ; 84. 143, 
1919 ; Iron Coal Trades Rev., 95. 671, 1917 ; Iron Age. 102. 1026, 1918; Met. Chem. Engg., 17. 
4.»9, 1 DJ 7 ; 20. 178, 1919 ; ,1. Escard, Rev. (J6n. Sciences. 29. 366, 1918 ; Les fours tlcctnqve* it 
burs applications ind utstr idles. Pans, 1905; V tilectrometallurgie du fer ct de sis alliages, Paris, 
1920; Lis fours Ut'ctrique i industriels ct les fabrication* Mectrvthermiquw, Paris, 1919; G. Stig, 
tek. Ckeblad, 37. Cl. 1910; 66. 151, 1919; Chem. Met. Engg., 23. 29, 1920; J. Bibby, Proc. 
\*'*hvd Inst. Eng.. 83, 1918; Iron Coal Trade* Rev., 47. 719, 1918; 48. 611, 1919; Eng., 
127. 513, J9I9 ; Trans. Amer. Elektrochem. Soc., 41. 03, 1922 ; (\ E. Williams and C. E. Sima, 
nt V ! l ^ r V ‘ S ’ Hnr. Mines, 418, 1928 ; Journ. Franklin Inst., 205. 575. 1928 ; (\ E. Williams, 
ri an<l c. A. New all, ib., 43. 191, 1923 ; W. Borehers, ElektromeUiUurgie, J Leipzig, 1902 ; 

" ,p ffotorisrhen Oefen, Hallo a. S., 1920 ; Stahl Eisen, 25. 631, 689, 1905 ; 31. 706, 1911 ; H. von 
Ih'duUiun tier Eisenerze im elektrischen Oefen, 1-eipzig, 1924 ; A. Coutagno, Rev . 
xoo V n' : fabrication des ferro-alliages, f antes ilectriques et metaux speciaw, Paris, 

a / JvJ' irov St€e} En V- 8- 17 3» 1^31 ■ 

( , ’ k* lammann and C. F. Urevemeyer, Zeit. anorg. Chem., 136. 114, 1924 ; G. Tamtnann and 

i. U&lz, ib.. 151. 1211, 1925 ; fl. Blitz, Uebtr die dcwinnviig von Eisen aus Silikatcn und Pynle, 
unitingon, 1925; P. Hauerwultl and G. Nouendorff, Zeit. EUktrochtm., 81. 843, 1026 ; 34. 199, 
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1926 ; G. Neuendorf!, Vebtr die Schtn clzfl usselc ktrohjse row Eton, Chrom, md Mangan, Broil au, 
1927 ; G. Ongnro, f«Ww. Chiw , lnd. Appf., 3 . 288, 1921 ; M. Gueilras, ib. t 3 . 68, 1921 ; G. ECasttel, 
Stahl Eton, 26 . 1322, 1906 ; S. L. Mfldorsky, Journ. lad. Eng . ('hew., 23. 09, 1931 ; M. BoibleJ, 
French Pat. So. 92020. 187J ; ,1. Kecw, Jirit, Pat. So. 1223. 1886 ; l\S. Pat, No. 63710, 1886 ; 
('. Adanus, if)., 121226. 1871 ; G. Bogitch, Com) vt. Petal., 184. 883, 1927 ; K. 1). Pike, G. H. West, 
L. V, Sterk, K. Cumnmips, and IS. l\ Lillie. Tech. Paper Atner. Inst. Min. Eng., 268, 1930; 
F. A. Kuslis, Vhnn. Md. Engg 27. 684, 1922 ; F. Snucrwald, Znt. Ehktrochim., 88 . 76, 1932. 


S 4. The Chemical Reactions in the Blast-Furnace, and in the 
Reduction ol Iron Oxides 

In general, the reactions in the Mast -furnace, near the tuyeres, involve the 
oxidation of carbon: G-bCL ("Go : 2COo SCO+O^; 2C 1 | 0 2 -2CO; for R. Bunsen 
and L. Playfair vide supra- found that the oxygen of the blast is burned in the 
immediate virmity of the tuyeres, burning carbon monoxide. As a result, no free 
oxygen or carbon dioxide occurs in the gases ascending from the hearth into the 
boshes. AY. van Vloten’s analyses correspond with : 

Ox>Rin C tlio\M( Curium mminxiili* Hjtlnwn Nit rf'nrii 

0 0 :u 2 64 per cent. 

Higher up still, the ferric oxide is reduced bv the carbon monoxide : FcyOtj + fl^U 
^ 2Fe-i 3( , 0 2 - r 4 r, cals. There are thus two zones when heat is generated in the 
blast-furnace: (i) near the tu\ ere**, where carbon n oxidized to the monoxide, 
and (ii) higher up, where the ferric oxide is reduced. I L. Bell found that the 
relative proportions of carbon and oxygen m the gases, per 100 parts ot nitrogen, 
at dilTcrcnt heights above the tuyeres, were : 

Height . 0 6 12 26 37 60 «i0 76*6 feet 

Curhnii 26 8 26-2 24 6 23 9 2 41 23 8 24-0 27-6 

Oxygen 36 6 33 7 33 3 32-9 33*1 32 4 33-9 41 6 

(\ R. A. Wnght emphasized that there is a complex play of reactions involving 
dilTcrcnt oxides of iron, and carbon, and carbon monoxide and dioxide ; while 
J5. Bam and A. (ilassner showed that at at in. press. FeO and Fe 2 0 4 , carbon, GO, 
and ( Oo. < mi exist side by side at 647 J . and the three solids at 685° ; above 685 
carbon and iron can exist together, and below (347° carbon and ferrosic oxide. Iron 
in contact with a gas rich in carbon monoxide below 647 c is oxidized and carbon is 
deposited, while above 680 1 no carbon is deposited from the gas. (\ /ax studied the 
deposition ni carbon. The equilibrium conditions and the work of E. Baur and 
A. (Banner are discussed by P. Mahler. 

According to L Mond, the temp of the blast -furnace is never low enough to 
permit the lormut-jon of iron carbonyls There is also the endothermal decomposi- 
tion of the limestone in the body of the furnace to be considered, when the temp, is 
lie tween 566' and about 810 . At the high temp, in the vicinity of the tuyeres 
there also occurs the reduction of silica : 2^’ - 200 Si ; of manganous oxide : 

UnO IC-- Mn-f CO : and of phosphoric oxide : P 2 0 5 H 5P 500 f-2P ; all of which 
are favoured by the presence of iron, which alloys wnth the manganese, silicon, and 
phosphorus. These three reactions ure of minor importance in the study of the 
equilibrium conditions in the furnace. (J. ("harpy and L. Jacqu^ found the barium 
and calcium sulphates begin to be reduced at 600°, and the process is rapid at 900 
to U50 1 . Reduction by the metal alone results in the sulphurization of the iron. 
I. L. Bell showed that under ordinary conditions the part played l>y hydrogen in 
the reduction id iron ore is relatively unimportant : and that from thennocheinical 
principle* tIio in* of hydrogen or of water vapour, which would yield hydrogen 
l.v deroiupositioii in the furnace, oilers no particular advantage. The equilibrium 
conditions with hydrogen and the iron oxides are discussed below. 
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T. Turner showed that the theoretical minimum amount of carbon required to 
produce one unit of iron approximates : 

Reduction of ferrrie oxide . . , 4-84 

Carbon required for generating heat 0-30 

Carburization of iron .... 0*60 — Total 6-82 units 

I. I j. Hell, T. Turner, S. P. Kinney and co-workers, W. Mathesiua, J. E. Johnson, 
A. Morcttc, P. Goimcr, E. Maurer, N. Metz, H. Thaler, H. le Chatelior, M. Levin, 

E, Pierre, F. A. Kjellin, 11. Owann, P. Angies d'Auriau, M. Zyromsky, W. D. Hrown, 
G. Tobin, W. Lennings, G. Eichcnberg and J\ Oberhoffw, W. G. Uillhausen, K, Hofmann, 
G. Godin, C. P, Linville, P. Farup, .7, M. (’lay, L. L^veque, H. Riesenfeld, W, J. Foster, 

F. T. Sisco, II. Ntalhane, W. McConnachie, F. Mulct, F. Logeling, H. von Jiiptncr, 
K. A. Hacking, F. Wiist, E Kichnnue, H. Ktiinum, G. Rocour, E. A. Uehiing, T. Weill, 
11. Mehncr, A. Wagner and co- workers, J. Ncigle, M. Derclaye. R. Francliot, J. Lilot, 
K. Muhlhrarit, H. Hansen, P. Reichardt, R. 11. Sweetser, A. Michel, T. Rohm, G. Hulle, 
A. Michel, J*. II. Emmett, F. (\ Howard, T. L. Joseph, H. H. Meyer, (). C. Raldon, 
E. r E\an» and F. J, Hailey. V. Clements, L. E. Gruner, F. Rrabant, and many others 
have drawn up hoaT balance sheets of the blast -hiniaep. 

Expressing the results in hundredweights or ewt. calories, H. Allen gave per ton 
of hut-blast, pig-iron : 

TIfat Ramvcr of Rlast-Fcrnace per Ton of Iron. 

Combustion C to CCL 40,240 Reduction of iron . 37,680 

Combustion C to CO (less lime- Carbon deposited from CO 1,800 

stone offer t j . . 31.800 Evaporation water in coke 1,024 

Heat introduced by blast 12,280 Expulsion CO z from hme- 

-- stone .... 3,345 

Total heat supplied . 84,329 Reduction CU a to CO . 3,840 

Decomposition H t Q in blast 1 .479 

Fusion of iron . . . 6,600 

Fusion of slag . 7,188 

Reduction silica 4,384 

[ Heat appropriated by 

furnace . 67,340] 

Escaping CO j . 1,385 

Escaping (X) . . 3,576 

Escaping hydrogen . 30 

Escaping nitrogen 7.111 

Escaping water . 1,673 

| Heat lost in escaping 

gases 13,775] 

Heal lost by tuyere wmler . 1,293 

Heat not utilized , 16,989 


Total heat . . . 84,329 


The subject was discussed by If. Hansen,- J. F. Rarkley, \V. A. Hone and oo-workoin, 
E. Hermann, W. I). Hrown, G. Hulle, R. V. Burman, F. Clements, R. Durrer, (1. Eichen- 
berir and eo- workers, E. C. Evans, E. C. Evans and E. J, Bailey, A. L. Feild. K. Feist, 
J. If. Fortune, C. (\ Furnas, W. G. Gillhausen, L. Gruner, R. Hahn, H. P. Howland, 
T. C. Hutchinson, J. E. Johnson, A. Korovuar, F. Lange, (), O. Laudig, W. Lennings, 
M. l^ovin and ,J. W'csselmanu, A. Idebreich, L. Mathesius, W. Matliesius, E. Maurer, 
M. A. Morctte. Jv. Mulilbradt, 11. Osann, A. K. Reese, P. Reichardt, J. W. Richards, 
P. II. Roaster and co-workers, K. Schenck, 0. Simmersbach, H. Thaler, G. Tohin, 
W\ Trinkn, I 1 . W. Chlmann, A. Wagner, A. Wagner and G.Bulle, II. W'edding, F, Womdl, 
H. E. Wriglit, and F. Wiist. 


The system : Fe-O-H. — For the reduction of ferric oxide, Fe^Og, to ferrosic oxide, 
and to iron, vide infra . In the light of later knowledge the observations of 
if. L. Gay-Lussac, 3 H. V. Regnault, H. Debray, and W. Muller indicate that the re- 
action between steam and iron is a reversible process. H. St. 0. Dcville studied the 
application of the law of mass action in the equilibrium between ferrosic oxide, iron, 
steam, and hydrogen : Fe 3 0 4 -f 4Ho?“4JL>0-f 3Fo. The equilibrium constant can 
be written /i 3 - [H 2 0]/[H 2 ], where it is assumed that the solid phase is a mixture of 
Fo and Fe a 0 4 , Analogous results were obtained by approaching the state of equi- 
librium from both directions. The values of 7C, derived from these experiments are : 


2«:> :l(to 440° C70° 02(1° 

0*0491 0-0088 0-1188 0-J75K 0-5410 0*6590 
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If be. the press, of the water vapour, and p 2 that of the hydrogen, the values for 
the constant K 3 will be : 

2 oo° m* 


Pi 

4 6 

9-7 

4*6 

10*1 

Pi 

. 95*9 

195*3 

25*8 

57*9 

K* • 

0048 

0 049 

01 78 

01 74 


Hence, if water vapour be passed over iron, the ratio pi/p 2 is greater than the 
constant K$=p 1 /p 2 , and chemical change will go on until the iron is converted into 
oxide ; when hydrogen is passed over the oxide, the ratio Pi/p 2 is less than the above 
constant, and consequently the oxide will be reduced. At about 1500*, A r 3 is nearly 
unity, so that if a mixture of equal proportions of w r ater vapour and hydrogen he 
passed over either the metals or the oxide at this temp., no chemical change will 
occur. G. Preuner repeated the experiments under somewhat similar conditions and 
obtained A 3 ^0-687 at 900° ; 0*781 at 1025° ; and 0*860 at 1150°. Observations 
w r ere also made by G. Chaudron, L. Wohler and W. Prager, G. Gallo, L. Wohler 
and 0* Balz, W. Krings and J. Kempkens, and E. Schreiner and F. B. Grimnes. 
In the early experiments there was no assurance what particular oxide (or oxides) 
was concerned in the reaction. H. St. C. Deville at first supposed that the solid 
phase is Fe 4 0 5 ; G. Preuner, a mixture of Fc and Fe 3 0 4 ; and 0. Sackur, an oxide 
between Fe and FeO. E. Schreiner and F. B. Grimnes obtained results in good 
agreement with the assumed reaction : Fe+H 2 O^FeOd-H 2 ; they found dis- 
crepancies between their results obtained at higher temp, and those of other workers. 
The thermodynamical values of the equilibrium constant are higher than the 
observed results, and this is attributed to the formation of solid soln. between iron 
and ferrous oxide. G. Chaudron showed that in all probability the ferrous oxide 
formed at a high temp, is decomposed: 4FeO~ Fe-^Fe 3 0 4 below 570°, so that 
under these conditions it is assumed that ferrosic oxide is the oxide in equilibrium 
with iron. At 570° the three solids Fe, FeO, and Fe a 0 4 are in equilibrium ; and 
above that temp, the equilibrium curve lias two branches, corresponding with the 
equilibria : Fe+H 2 CMFeO +H 2 and 3FeO fH 2 0*~Fe 3 0 4 f H 2 ; below 570° there 
is only one system involved : 4Fe0=-Fe 3 0 4 +Fe. This subject was discussed by 
A. Smits and J. M. Bijvoet — vide infra , ferric oxide. P. P. Fedoteeff and 
T. N. Petrenko found that the product of the oxidation of iron by steam at 1000 
to 1100° changes continuously in composition from ferrous oxide to ferrosic oxide, 
although at any given time only one solid phase is present. It thus seems that both 
isomorphous mixtures and solid soln. of the oxides must be formed. The first 
effect of the steam is probably to form a layer of ferrous oxide on the surface of the 
metal, and this is quickly oxidized to ferrosic oxide, which is reduced to the ferrous 
state again by the neighbouring metal, after which oxidation again occurs, and 
so on, E. D. Eastman and R. M. Evans measured the equilibrium constants 
[H 2 0]/[H 2 ], namely K x for the system involving Fe : FeO, and K 2 for the system 
involving FeO ; Fe 3 0 4 . The results were : 



700* 

750° 

800° 

850® 

900° 

950° 

1000' 

K, . 

0-584 

0-645 

0*700 

0-765 

0*822 

0*879 

0*937 

X, . 

1-45 

2-11 

2-98 

416 

5-50 

70S 

912 


These corresponding curves, Fig. 22, intersect near 570°, below which temp, ferrous 
oxide is unstable with respect to ferrosic oxide and iron. Fig. 20 shows the per- 
centage of hydrogen with respect to these equilibria at different temp. 
G. Chaudron’s values for the equilibrium constants arc not in close agreement with 
those of other workers, excepting perhaps those of J. B. Ferguson. The observa- 
tions of L. Wohler and co-workers, K. Ilofmann, K. M. Tigerschibld, A. McCancc, 
W. Biltz and H. Muller, S. L. Madorsky, W. E. Jominy and D. W. Murphy, W . P- 
Fishel and J. F. Wooddell, B. Neumann and G. Kohler, J. B. Ferguson, C. H. Herty, 
P. H. Emmett and J. F. Schultz, J. Thibeau, P. Farup, E. Schreiner and 
F. B. Grimnes, P. van Groningen, and E. D. Eastman and R. M. Evans are in very 
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fair agreement for the values of the equilibrium constants. The thermal value of 
the reaction : Fe-|-H 2 0“ FeO-fH 2) calculated by G. Chaudron, is 6-6 Cals, per mol 
at room temp, and 3*8 Cals, at 700° ; K. M. Tigerschiold gave 9-0 Cals, at 17°; 
L. Wohler and R. Gunther obtained 3*9 Cals., and F. van Groningen, 4*1 Cals. 
The thermal value of the reaction: ftPeO-l 1I 2 0 
-Fe a 0 4 +H 2 , calculated by G. Chaudron, is 19 Cals, 
per mol at room temp., and 11-6 at 050° ; K. M. Tiger- 
schidld gave 14*8 Gals, at 17° ; L. Wohler and R. Giinthcr, 

14*4 Cals. ; and P. van Groningen, 1T)*7 Cals. Tlie 
thermal value of the reaction : 3Fe-f-IH 2 ()--Fe 3 04 

+4H 2 , calculated by G. Chaudron, is 38*8 Cals, per 
mol at room temp., and 40 Cals, at 500° ; K. M. Tiger- 
schibld gave 41*8 Cals, at room temp. ; L. Wohler and 
U. Gunther, 37-2 Cals.; and P., van Groningen, 28-0 
( Jals. K. M. Tigerschiold calculated for the thermal value 
of the reaction: 3Fe 2 (> 3 4 Ha 2Fe s () 4 (-ILO, 5450 to 
8000 Cals. at 17°. The thermal value of the reaction: 

3Fe ! 111,0- Fc 3 0 4 4 iH 2 <>, is 38,480 cals, at 17^ 

'v hi‘11 calculated from the heats of format ion of ferrosic oxide and of water. 

G. Premier 1 * value, calculated from the equilibrium constants, is 1 1,900 cals, at 960°. 
A discussion of these reactions from other points of view by 0. llahn, F. Haber, 
C II Hevly, F. S. Tritlon and D. Hanson, etc., is resumed in connection with the 
ferrous and ferric oxides. The study of the equilibrium conditions gives no 
informal ion on the speed of the reactions. For H. Kamura’s observations on the rate 
of reduction of ferric oxide by hydrogen, ride infra. The subject was investigated 
b) S Mita, and B. Stalhaiu* and T. Malmberg. 

The system : Fe-O-C. — As early a* 1869 , I. L Bell 4 recognized the working 
of the mass law in the reduction of iron from its oxides by the furnace gases of the 
blast-furnace. He said : “ Iron oxide can only be completely reduced by carbon 
monoxide when an excess of that gas is present/* He also pointed out the com- 
plex nature of the conditions of equilibrium which must subsist between iron, 
carbon monoxide, carbon dioxide, carbon, and iron oxides of various kinds, at 
different lemp. Observations were also made on the reaction by W. Muller, 
R. Akerman, R. Akerman and 0. G. Siirnstrom, A. Stansfield, II. le Chatelier, 

A. B. Kinzcl and J. J. Egan, 1\ Pingault, E. Bauer, B. Stiilhane and co-workers, 

H. Fleissner and F. Duftsclimid, (\ Svcnsson, G. Gronal, B. Railing and G. Lilljek- 
vist, S. Reiner and W. Feldmann, F. Glaser, R. H. Sweotser, H. Tholander, 

B. Kosmann, L. Mathesius, 0. Schinz, J. Wiborgh, M. Mayer and J. Jakoby, 
K. Arndt and G. Schraube, H. Tutsya, F. E. Khead and K. V. Wheeler, E. Terres 
and A. Pongracz, C. C. Furnas and G. G. Brown, E. Seheil and E. H. Schulz, 
R. Schenck, G. fiodlander, K. Stammer, P. Schutzcnberger, H. St. C. Deville, 
A. Ledebur, A. Guntz, L. E. Gruner, J. J. Ebelmen, L. Rinman and B. Fernquist, 

F. Kupelwieser and R. Schotiel, I. Bohm, W. G. Gillhausen, P. H. Royster and 
co-workers, H. H. Meyer, N. Metz, G. Bulle and W. Lennings, G. Bulle, 

G. Eichcnbcrg and P. Oberhoffer, M. L. Becker, E. Janecke, J. Klarding, 

H. Diinwald and C. Wagner, W. firings, N. A. KostuileiT, and F. Wiist. 

F. Wust, W. P. Fishel and J. F. Wooddell observed higher proportions 
of carbon dioxide than correspond with the equilibrium value at 800° to 1100°. 

I • Farup discussed the catalytic action of iron ores in decomposing carbon monoxide. 
In the ternary system with carbon, oxygen, and iron, K. lwase, and T. Watase 
said that there are the following systems to lie considered : (1) Fe 2 0 3 4 _ 3C0 
-^ + 3C0 2 ; (2) Fe 2 0 3 4 3C -3CO+2Fe ; (3) 3Fe 2 0 3 +C0- 2Fe 3 0 4 +C0 2 ; 

(4) Fe 3 0 4 +C0-3Fe 0 f CU 2 ; (5) Fe 3 0 4 -44C0---3Fc4- 4C0 2 ; (6) FeO+CO 

q j" C ° 2 ; (7 > Fe( H U^-Fe+CO ; (8) 3FeO+500=Fc 3 0 + iC0 2 ; and 

(») i 3Fe+2(^0— Fe a C-|-C0 2 . Reactions (2) and (7) are irreversible; reactions (4) 
and (6) are incompatible with (5). I. Braithwaitc noticed that at a dull red-heat 
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ferric oxide is completely transformed into ferrosie oxide bv the urtiun of carbon 
monoxide: 3Fco() 3 +CO 2Pe 3 0 4 | CO z . W. A. Roue and 10 - workers ubt amed 
the results summarized in Fig. 21 With up to about J I per cent ot deoxidation 
there is the irreversible reaction 3FcoO il +CO-»2Fej(> 4 -| C()» , \\ lth between 1 1 and 
about 30 per cent, deoxidation the reversible reaction Fej0 4 \ C(b 3FeO | ('(L. 
occurs; and with between 30 and 83 jm*i cent, deoxidation the reaction is Fed | CO 
T^COa+Fe. In the blast-furnace, of eouiso, above the region where the limestone 
decomposes, carbon dioxide is being poured into the gaseous system, with its 
consequent effect on the equilibrium relations of the reversible roar tions. 

E. Baur and A. Olassner measured the equilibrium constant in the reaction 
FeO-j COc^Fe+COo, and obtained for K i “1C0J/[C(L] 

5Wl «8(C 730 s:*(C ‘KMi 

K i . . 1-78 144 1 50 2 12 2 31 

The curve, Fig 20, has a minimum, while for the leactum Fe 4 0 4 CO 3FeO COj 
the curve lias a maximum They obtained for K 1 |COJ [( (h] • 

45u ft >il toll" 7 r »0 S„| T»f) 

A' z . . 0 812 0 Th(i 0 58? 0 4:10 0,ni 0 2*10 

The results when plotted furnish the curves in Fur 21 TJu ( musn pn m ut eqmh 
hrium lines in connection with the comspnndmg oudis and mm Vuoidnu t < » 




Fio 21. — The Progress of the Step- Fm 22 -Equiltbiniiu m Kj htenis with lion, lion 
by-Step Reduction of Ferric Oxide. Oxides, and Cat bon Monoxide and Dioxide. 


H. W. B. Koozeboom, eadi system involves tlueo i ompmicnts Fe, C, and ()-- 
and three phases, two solids-- Fe and FeO oi Ft O and Foj0 4 . it spoi ti\elv 
and a gas. Each system is thciefore Invariant, so that at any given temp 
the imxtuic of gases exerts a definite picss ami has a definite ('imposition 
The equilibrium curves in the system with the time < mnponeiits Fe, C and 
0— studied by E. Baur and A Olassner thus di\ide the whole area of tin 
diagram into three regions: A w'lth iron; B with tenons oxide; and C with 
ferrosie oxide. The results of E. Baur and A. Gldssner indicate that above fiOO 
equilibrium was probably attained but the observed variations below tins temp 
make it doubtful if sufficient tune had been allowed owing to the slowness of the 
reaction. The observations of K. Schenck and co*woi kers, H. J van Buycn, 
and M Levin make it probable that the upper curve, Fig 22, should be m the 
direction AB } Fig 22, rather than in the direction AC. The minimum reported 
by E. Baur and A. Olassner at 050° has not Wen confirmed bv other observers 

E. Terrcs a’nd A. Pongracz, R. Schcnck and co-w T orkers, E. D. Eastman, Jf. J. van 
Royeii, M. Levin and H. Niedte, 8. Hilpcrt and F. Beyer, G Cliaudion 

F. E. C. Scheffer, and P. van Groningen. Rather do the curves assume the foini 
of Fig 21 — vide ferrous oxide — and it is analogous to the cuivos deduced for ihe 
Bteam-iron equilibrium. G. Chaudron, and P. van Groningen place the quadiuple 
point at 070°, and here iron and ferrous and ferrosie oxides can exist beside I hu 
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iiafl phase ; below 570° the reaction proceeds : Fo a 0 4 |-4CCM3Fe | 4 CO 2 ; and 
above 570 u , in accord with Fpj 0 4 4 rCM3Fc0+C0 2 , and FeO fCO^Fc |-(J0 2 . 

According to H, Semiller, expressing the concentrations of the gases in per- 
centages and the total pressure at equilibrium by /> mm. : 


338 

r,5u 

.vor 

.V K>° 

citr 

<»r>r 

1 MW J 

|(OJ . 53-7 

f»3 4 

536 

•>«) .1 

66 8 

57*9 

58*4 

|CO,| • 403 

46 6 

46 4 

44 5 

43*2 

42*1 

414) 

p . 12»'7 

A', . MOO 

130 9 

142*2 

290 4 

411-3 

670*9 

662*0 

1-146 

1-155 

1 247 

1*315 

1 375 

1 404 

The values of E. 

Baur and A. 

Gliissner, 

R. Schenck and eo- 

w r orkei*s, 

M. Levin, 

II. J. van Royen, V. Falcke, 

E. Torres 

and A. 

Pongraez, 

G. Cliaudron, and 

A. Matsubara were averaged by E. 1). Eastman and R. M. Evans with the following 

results : 







000 ° 

7<xr 7 . nr 

HOO 

s;>o B 

IHKJ 3 

n .10 

1000 ° 

A, 0 871 

0*678 0 008 

0-5.1 2 

0 305 

0 466 

0*432 

0*403 

A'j . J lii 

1*08 2 02 

2 40 

2 79 

3 24 

3 67 

4 17 


L W older and it. Gunther obtained for the three constants log K\ -854 T 1 
-I u-606 1 log A' 2 - 31437" 1 t JVMH , and log A' :J 1 4807’" 1 (-1*111 ; and they 

calculated from G (’hamiron's data log J\ l -7127" 1 -f 0-11 , log A 2 - 26327 1 ~ A 
1 2*08 , and log A :l 15102" 1 1-36 P van Gioningen gave log A', - 8977"" 1 

i 0-OS ; log AV - 3135 T 1 3 07, and log A j 5327" 1 -j 1*42. K. Hofmann 
(aleulated from E. D. Eastman's data with the steam and iron reaction log K \ 
9517" 1 ( 0-57 , and log K 2 - - 2900 T 1 -I 315, and fiom E. 11. Eastman's data 
for the I’U j and iron equilibrium, log K x - 83 17" 1 10*636, ami log AV> - 32377" 1 

' 3*309. L. Wohler and O. Ralz, and K M Tigerschiold calculated values for the 
const Hut A r 4 with Fe 3 0 4 and Fe 2 O a as the -solid phases . 3Fe 2 () a fH 2 2Fe 3 () 4 T H 2 0 
— a system also studied by P van Groningen. and H. Kamura. For the Fe->Fe() 
oquilibi him — FeO-t G(K-"FeH C0 2 - with K 1 -[("0 2 | |C()J, E. 1). Eastman gave 
log A a 9197" A - 1-140; A. McCance, log A"j 6757" J 0-87. K. Hofmann, log K i 
r 9497" 1 1*140, P. van Groningen, log K { - 1000Z" 1 116; K. M. Tigerseliiold, 
log K i 217*77" 1 {-0*5 log T 0-0006348(7- 600) - 1*708 ; and R. R. Gamin, 
log A',— 8687" 1 1 055: as well as log A^ — 11607" J f95l lug T 0-001217" 

-31-680. For the Fe<)-»Fo.,0 4 equilibrium- oe. Fe 3 0 4 i Vih 3Fe() \ GO, — 
with Ao- [(U>] |GO|, E. D. Eastman gave log K, - -IGi.VT H 1*925 , A. McCance, 
log A 2 - 13047" 1 f 1*68 ; and log A 2 — -13047" i-t-l*68 , K. Hofmann, log A 2 

- - -16457" 1 +l-935; P. van Groningen, log A'.. - -1600-7" 1 1 1*92; K. M Tiger- 
schiold, log K 2 - - 715*67" J MW> h>g T - 0*(XX)564(7 1 - 600) - 0*735; and 
R. R. Garran, log AV»- 14347" 1 \ 1*723, us well as log AV»— - 34407’ 1 -7*91 
log J+0-001GIT4 25*860 For the Fe->Fe 3 0 4 reaction- Fe 3 0 4 \ 4CU^3Fe-| H"0 2 

K. Hofmann gave log A r 3 — 2617" 1—0-325; and P. van Groningen, log A 3 

- 3547" 1 - 0-39. K. M. Tigerschiold observed that at 450°, K s - 0*91, and at 300 \ 
0’89 ; and for the quadruple point, w'here there are the co-existing phases Fe, 
Fe(), Fe 3 0 4 , and gas. he gave 534 J ; w*hile A. MeGance gave 503 , for here K 1 
* A a - A" 3 J. According to 1. Bruit hw r aite, and R. Akerman and (V G. Sarn- 
strom, the reaction 3Fe 2 0 3 +("0— 2Fe 3 0 4 -| ("0 2 is practically complete at a dull 
red-heat ; and A. Matsubara showed that the reaction is irreversible, due, it is 
supposed, to the high dissociation press, of the ferric oxide. K. M. Tigerschiold 
eanie to Hie same conclusion, but K. lwase regarded the question as an ojien one. 
Tlie reaction w r as also studied by H. Groebler and IV Oberhoffer. 

R- R. Garran’s curves are expressed in percentages ; for the Fe0-»Fe 3 0 4 
icaction : 

6oo° too 0 80o B war loeo* nun nw moo 1 

CO] 43.7 35.3 28*2 22 . 4 18-1 u>8 15-3 

10O,] 56*3 64*7 71-8 77-6 81*9 85 2 87*3 

and for the Fe-*FeO reaction : 
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flOO" TOO* 800° 000° 1000° 1100° ISiUO 0 1300° 

ICO] . 59-5 650 69 3 72-7 75 0 76 5 77-1 

[CO,] 40 5 35 0 30-7 27 3 25 0 23 5 22 9 

According to A. Snuts and J, M. Bijvoet, the equilihimni Fe 3 0 4 -f H,<=>3FeO f H a O can 
be resolved into 2Fe s 0 4 ^6Fe0+() 2f and 2H J 0^2H l -f O*. while 1 lie equilihiium Fe,0 4 
4-CO*=i3FeO-t-CO, can bo resolved into 2Fc i J O 4 ,~0FoO fO Jt and 2t O a ^=±2('() \ (),. Tlio 
pT -diagram for the case studied in connection with the action of hydrogen on ferno oxule 
\q.v.) t shows that the 3-phase lines FeO | Fe 3 0 4 +G f and Fe,0, \ Fo,G 4 f G do nol intersect 
in stability points, Fig. 23. Here the two 3-phase Linos two solid phases und vapour - 
intersect without inverse melting taking place. Fig. 24 represents the case where the two 



Flos. 23 and 24. — Pressure-temperature Equilihnn for Carbon Monoxide 
and the Tron Oxides. 

lines intersect in stable pomts Here the 3-phaso line Fe,0 4 bL f (J ih metastuble I'm 
ttie system: Fe-pCOj^FeO+CO, and 2CO,^2rO f O fi log p 0 —log K } > 2 log K, alien* 

p atm. refers to r O,, and A — pto/Pco* For the cartxm dioxide equilibiiuin, with the 
thermal value - 133,000 cals, at 800°, log Kp- 29, 100 T 1 b log T f 5 8 Taking \\ Homdcrs 
values for log K p , the values of log K p , and log A’ a at different temp . log - log A,, 
— 2 log A, ; likewise for log A, it follows that log =r!og A p — 2 log X, for 3Fo() f CO 
^Fe a 0 4 -t-CO ; and for Jog X' 3 it follows tliat log J P 0g =log Kp~ 2 log A, for 3Fo -| ICO, 
^Fe,0 4 -f 4CO. The values are as follow . 
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600° 
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log Kp 

. -34 0 

- 28 9 
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21 1 
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— 

0 01 

0 00 
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0 27 

0 31 

log 
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18 8 

10 0 

log K t . 
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-0*11 

- 0 17 

0 29 

0 30 

O 10 

log F„ 

. 

— 

-20 5 

24 3 

- 20 5 

-17 5 

no 

log A, 

-016 

-0-06 

- 
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_ 

— 

log Po l 

-34 3 

-28-8 

— 

— 

- 

— 
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The equilibrium conditions between iruu and its oxides, and carbon monoxide 
and dioxide are not completely described by Fig. 25, because carbon may b< 
formed: 2C0^C+C02« It is therefore necessary to superpose on Fig 25 tbe 
effects of this reaction on the results. W. A. Bone and co-workers studied the 
reduction of iron ores by carbon monoxide at temp, below 700°, where the equilibria 
are metastable. The reactions involved are : 3Fp 2 0 a 4^0— 2Fe 3 0 4 +C0 2 , which i fc 
exothermic and irreversible ; and the reversible reactions : Fe 3 0 4 -f C0^3Fe() 
+C02±5'4 Cals., and Fe0+ClMFe+(/02b2-6 Cals. Free carbon was nol 
deposited in appreciable quantities on the reduced ore until reduction had pro 
grossed so far that all the higher oxides had been reduced to FejC^ At 550° or a 
lower temp., or to FeO at 600° or a higher temp., and a small portion of either 
oxide had been reduced to iron, which then catalyzed the reaction 2C0v=K30 2 +C \ 30 
Cals. The higher the temp., the less the tendency for carbon deposition. The 
deposition of carbon at low temp, proceeds slowly at 275°, and its optimum 
temp, is 450°, but it does not occur in the absence of a suitable catalyzing surface 
Iron, and ferroaic and ferrous oxides are powerful promoters of carbon deposition 
at temp, up to between 650° and 700°, but at higher temp, the phenomenon 
becomes inappreciable until nearly 90 per cent, of the ore is reduced, when it again 
becomes prominent. The carbon deposition in a blast-furnace may occur between 
275° and 700°, and it may result in the impregnation of the ore with carbon, or 
the carbon may envelop the granules of ore, or both impregnation and envelop- 
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ment may occur. The impregnated carbon is a more powerful reducing agent at 
750° than ifl the ease with carbon monoxide. If carbide is formed, it is conditioned 
by the presence of free iron in a system 

containing both oxides of carbon and an f0 f V 1 7 I i ! J-esfctK 

The data of 0. Boudouard, at atm. j , } A + , 1 / ^ ~ 

press., are summarized by the curve DE, 30 . j_ . \. i i j . jL 

Fig. 25. The systems represented to the ^ ^ . a 

left of the shaded region refer to those r \ 1 * \ i y 

in which no carbon is formed, whereas the ^ J j I i 

shaded areas refer to systems in w T hich, [0 ^ I t ^ P" 

for equilibrium, some carbon is formed. r | - if" " 

Thus the system represented by the point ^ fic ^ yf ' 
n is not in stable equilibrium with respect ^ T y \ ' * " 

to carbon, and thatVlement will be de- V |_ t [ Jc' II 

posited until l he svsiem acquires the state ^ 1 4 ^ i JT 

represented by b. The whole area foi ! \ | 

systems with the three components --Ft* . 1 1 LL LJ__ „ 

C\ und O ls thus dividwl by the , ' v ^ ^ *» LC \ w W ] 1060 

hriurn curves into six regions, inunelv A ^ I ‘ i ' \ n Sjsicm with 

.1 i » ” I run, [run Oxides, l a< non Monoxide and 

w ! (, » ' r< ’ n : A ™* h « r « n a,1 ‘ l wbon ; B | )loxl(le an(1 
w^ilh ferrous oxide , B with ferrous oxide 

and carbon , V with ferrusic oxide , und C with ferrosic oxide and carbon. The 
point x involves the solid phases Fe, FeO, and carbon ; and y, the solid phases 
Kc-tO*. FeO, and carbon R Schenek and co-workeis found the ecpnlihriuin 
press., p mm., of the gas in the system with the solid phase's : iron, ferrous oxide, 
and carbon- (i) amorphous carbon from carbon monoxide, and ( 11 ) from sugar 
clurcouJ, as well as (in) graphite, were* 


■frit] 


J(J U V0° 500 1 6,C VO 600* 500 0 /000° 


The results with Fe 3 0 4l FeO, and amorphous carbon as solid phases are: 


They represent the results by the curves shown in Fig. 25. The ferrous oxide 
used in these experiments was prepared from ferrous oxalate, and it is possible 

that it was contaminated with carbon 7Q0 _ -T _ r _ T 

or carbide. A. Gautier and i\ Claus- \ i j 1 i I \ T J\-\ j-L- y- 
mann observed that in the prolonged fOf> ' ) , — i i Jm ~| — [ / ^ 


-n 


i ! 

< roo\ 


r <oT‘ > 

r &y 

’I>7 I^JT 


l—i 1 ■ 
w\— 1 r l 


i m <Wr 

ri t«t 

t /A \ ■ 


action of carbon monoxide on iron some jr j- ^ '“vlr -L f p ~ - 

carbon and carbide are formed: 3Fe t soo> T » i r T f jSy ‘ 
f28CO -Fe 3 0 4 H J6C + 1200 2 . H. C. II. g M-« rCf 
Carpenter and C. (\ Smith found that at ^ -+ J j OjT /fT 

650 J carbon monoxide reacts with iron, Vj [ 1 V/ l< M”J 

forming a carbide, and that the produc- 1 4 y | ' _ 

tion of the carbide is inhibited if enough i j ' ] J A > \ . 

carbon dioxide be also present, and it is / 1 j 7_y * ] /S/j. 4 

favoured by the presence of hydrogen. i— 

S. Hilpert and T. Dieckmann observed L - - — t 

that when iron oxide is reduced bv 0 T^i J- J — L—I — > L L.. 

carbon monoxide, the P K>duct at 850^ , W f ^ * T. i 

»IU 1 ouu tne deposition .of carbon was Carlin Monoxide and Dioxide, 
accelerated, presumably by the forma- 
tion of unstable carbides. Free carbon was not observed until the product 
von. xti, 2 s 


?V n SCO 0 SW° too $50* 700 0 V0 U 
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attained a composition eq. to FegC with 6-6 per cent, of carbon. R. Schenck 
discussed the equilibrium 3Fe+2C0^Fe ;j C+C0 2 ; end also the reduction with 
methane involving aFe+CH^FcgC-f 2H 2 . The subject was studied by G. Tum- 
mann and A. Sworykin, F. Wust, and W. Gluud and co-workers. V. Falcke 
found carbon is formed as a separate phase only when iron is treated for a long 
time in a cm rent of carbon monoxide. This result is supposed to vitiate the 
results of R, Schonrk indicated in Fig. 26. V. Falcke observed no reaction 
between carbon and ferrous oxide in an evacuated tube below 650° ; and above 
this temp, different varieties of carbon acted at different speeds — amorphous 
carbon reacted with extreme slowness. V Falcke also measured the equilibrium con- 
stants between carbon monoxide and different varieties of iron. If K -[00] 2 ,[0() 2 ] 
in the reaction rOo-KV^CO, when press, arc expressed in atm : 


Purified iron .... 




*600* 

^700 “ 




. 0-230 

1-57 

Iron preheated m CO at GOO 




. 41 146 

1-27 

Craphite and commercial FoO 




. 0 115 

1 18 

Craphitc and FeO from Fo 




. — 

0 87 

Calculated from free energies 




. 0 080 

0 06.1 


The calculated values aie due to E. I) Eastman. E Tones and A I’nngnu z 
inferred from the action of carbon dioxide on iron that carbon, and a solid ^oln 
of ferrous and ferrosic oxides are formed. A. Matsu bara studied tlie action of 
carbon monoxide on iron oxides, and found that the iron u as carburized, forming 
an iron cuibide as a separate phase; and his curves agree closely v\ ith those of 
W. A. Done and co-uoikcrs for temp of 750 . 850', and 071 A Johansson and 
R. von iSetli studied the cqinlilnia in the icaction >\Fr t 200 IVjC l CO, between 
7U0° and J100\ and found that at about 7U0 r the equilibna coincided with those of 
R. Schenck, but not at higher temp. R. Schenck supposed that the carbon press, 
of cementite is always greater than that of elementary carbon, but this is true 
only below 8<X) r ; above that temp, the carbon pres*, of cementite is lower. TTie 

oaxC or/C 
\0'%C, 0€%C 



oi o-e /■/ 7T~M 

Percent carton m sol/d 

Fig. 27. — Equilibria in the System : 3J r e f 
2C0^Fe l C-K , 0| at different tempera- 
tures 



100 * 500 ' 


800 ° 300 ° / 000 * // 00 ° 


Fig. 28.— Equilibria in the Systems with 
Iron, Iron Oxides, Carbon, and Carbon 
Monoxide and Dioxide. 


results are summarized in Figs. 27 and 28. The results in the first diagram refer 
to a press, of 40 per cent, of mixed caibon monoxide and dioxide and 60 per cent, 
of nitrogen ; while the results in Fig. 28 have been calculated for a preflH. of the 
mixed carbon monoxide and dioxide equal to one atm. G. Chaudron noted that 
the curves FeO- Fcgt )4 and Fe-FeO meet at 570° to 580°. U. Hofmann and 
E. Groll showed that with carbon monoxide free from oxygen and iron prepared 
from the carbonyl, graphite and ferrosic oxide and a little carbide are formed 
below 450° ; graphite and ferrous oxide and a little carbide and ferrosic oxide 
tatween 450° and 650' ; graphite and carbide, but no ferrous or ferrosic oxide, 
above 655°. With purified ferric oxide and carbon monoxide, ferrosic oxide and 
carbide were formed at 270° and 320° ; some unknown lines in the X -radiograms 
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were attributed to the carbide Fe.jC. The subject was discussed by R. Schenck 
and co-workcrs, W. Reindcrs, W. Reinders and J\ von Groningen, K. Jellinek and 
A. Diethelm, K. Iwase and T. Wataso, II. (\ II. Carpenter and C. C. Smith, 
V. Falcke and co-workers, A. Met lance, and K. Hofmann. M. L. Becker found 
that between 650° and 1000° graphite is stable with respect to iron carbide, for the 
vap. press, of the carbon vapour of iron carbide is higher than that of carbon alone, 
and the gas in equilibrium with iron carbide plus saturated solid soln. is richer in 
carbon monoxide than is the case with graphite at the same temp. A. Matsubara, 
and. A. Johansson and R. von Seth considered the carbon vap. press, of the carbide 
to be lower, not higher, than that of graphite at temp, exceeding 80tT - — vide infrn , 
the decarburization of cast iron. 

H. Nippert found that the constant K — [CO] 2 /[CO j for the action of carbon 
monoxide on iron is higher for purified iron than for carburized iron ; and the 
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results with nickel if ermis iron are lower than for carburized iron, and these results 
are taken to be the true equilibrium values, for the. reaction is accelerated when 
nickel is present. R. Schcnck, and J. Midler 
studied the effect of the presence of magnesia . 
and of silica on the equilibrium conditions ; 

R. Schenck and co-workers, the influence of 
alumina, manganese oxide, lime, beryllia, 
cobalt, and nickel ; and R. Schenck ami 
co-workers, and P. van Groningen, the effect 
of other impurities. 

K. Iwase and T. Watase attempted to 
represent the relations in the ternary system 
at 1130°-910° and 910°-72(>° by Figs. 29 
and 30. Hence, B denotes FeO ; D, Fe a 0 4 ; 

E, C0 2 ; F, CO ; and //, Fe 3 C ; while tf,, 

^2. ^3i G 4 , and represent mixtures of 
carbon monoxide and dioxide. The area 
Ajhgi represents Fe ; Fe+FeO ; Hjh, 

Fe+FegC; HG 4 G^ Fe 3 C ; G x dc, FeO 
+Fea0 4 ; G^, FeO+Fe . GJiH, Fe+Fe*C ; 

FeO ; G z ghG 3 , Fe ; and CW/ 4 , 

Fe 3 C+C. E. Janecke also represented 
results with the ternary system Fe-O-C 
by triangular diagrams. According to 
R Schenck, the equilibrium conditions at a constant temp, below 700 n can be 
represented diagrammatical ly by Fig. 31 ; the reactions : 2COk -C0 1! - r 0 (curve 6) ; 
Fe0+(XteFe+C0 2 (curve 3); 3Fe0+5C0^FeaC+4C0 2 (curve 2); 3Fc+2CO 



Fia. 31. — -Diagrammatic Represen lot ion 
of the Equilibrium Curves involving 
Fo, FeO, Fe 3 0 4 , C, CO a , and CO, 
below 700". 
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^Fo 3 C+C0 2 (curve 1) ; and Fe 8 0 4 +C0^3Fe0+C0 2 (curve 4), are involved. 
The curves, Fig. 31, divide the area into 12 fields. 

The reactions which take place in the different fields are : Field A— 3Fo+2CO=Fe a C 
4 C0 3 ; 3Fe04 5CO = Fe,C + 4CO l ; FeO+CO=Fe+CO t ; Fe 3 0 4 4-C0 = 3I>0-|-C0 3 : 
and 200=04 00^ Field B x —Ve 0 C+COi**3Fe+2COi 3Fe() 4 5CO - Fe.,C 4- 4CO s ; 
Fe04-00=Fe4-00j ; Fe,0 4 4 C0= SFeC^CO, ; and 2CO=C+OO r Field B % — the first 
four reactions of If, apply here, and in addition C 4 CO, 200. Field C\ — Fe,C-|-CO, 
=3Ke + 2CO ; Fe,0 + 4CO, = 3FeO-h50O ; FeO+CO=Fe+0O, ; Fe,0 4 +C0 = 3Fe() 
4 rO f ; and 2C0=-C 4-CO,. Field C, — the first four reactions for tho field (/, apply here, 
and in addition C4-C0,=20O. Field /) r -Fe 8 04-C0 1 ---=3Fe4-2CO ; Fe 3 C4-4CO s = 3FeO 
4 500; Fo 4-CO, =FeO 4-00 ; Fe 3 0 4 4-C0- 3FeO + 0O, ; and 20O-C 4-CO*. Field I>, - 
tho first four reactions for tho field D x apply here, and in addition C 4 CO, - 200. Field 
K x — Fe,04 OO, - 3Fe + 2CO ; Fc 3 C+4CO,-3FeO 4 500 ; Fe+CO,=--FeO4-( , 0 ; 3FeO 
4-C0,= Fe 3 0 4 -1 CO ; and 200 — 00,4-C. Field E t — the first four reactions for the field 
E x apply here, and in addition 04-00,-200. Field F — 3Fe4-2CO - L’e^H-CO , ; 3FeO 
4- 500 — Fe,C 4- 4CO, ; Fe 4 00, = Fe04-00 ; Fe 3 0 4 H-CO- 3FoO 4 (’(), ; and 200 
-rC+CO,. Field </-3FeO f 5CO-Fe s 04-4CO, ; Fe 3 0 4-4CO B -3Fe()4-50O ; FefC'O, 
— FeO4-0O ; Fe 3 0 4 -r-C0 = 3Fe() f C0 S ; and 200 - (’H-OO, F,eM U 3Fe i 200 

=Fe,0 4-00, ; Fe„C |-4CO a = 3Fe04-500 ; Fe+COj = Fe0.4 CO ; 3FeO 4 C0,=Fc,0 I 
4 CO ; and 2CO=C4~CO a — vide infra, ferrous oxide. 

The end-products arc reinentite and carbon in the fields A and F ; metallic 
iron and carbon in fields B l and C, f without the simultaneous precipitation of carbon 
in fields B% and C 2 ; ferrous oxide with carbon in the fields D x and G ; ferrous 
oxide without carbon in the field Z) 2 : fcrrosic oxide with carbon in the fields K x 
and H ; and ferrosic oxide without carbon in the field E 2 . Consequently, at anv 
given temp., any of the fonr solids can be obtained as a stable phase by simple 
variations of the composition and press, of the gas phaRe. If the temp be raised, 
all the fields are modified, the curvatures of the boundary lines alter, and the curves 
are displaced to the right. If, then, a third dimension, temp., be included in the 
diagram, the resulting figure would be a geometrical representation of the whole 
theory of the blast-furnace. The subject is discussed from other points of view in 
connection with ferrous oxide and also ferric oxide. 

R. Schenck continued : Unlike the other solid phases, cementite is stable only 
in fields where carbon monoxide is labile and subject to decomposition into curbou 
and carbon dioxide. Consequently, cementite is not formed from carbon and the 
metal, and the only cementing agent which can form the tritacarbide directly is 
carbon monoxide. Cementite, however, can be formed by the action of carbon 
on ferrous oxide in field B. Solid carbon can act as a cementing agent if it is not 
in the formation of cementite, as a separate phase, but in the formation of a solid 
soln. of this substance with metallic iron. If the temp, for the formation of the 
solid soln. falls inside the field C 2 , the field in which at temp, below 770° metallic 
iron is the only stable solid phase, the reaction Fe g C-f C0 2 ^3Fe4-2( , 0 becomes 
reversible. The composition of the solid soln. is dependent on the press, and 
composition of the gas, and this is also the case for the reaction FeO-f-COr Fc 
(containing Fc 3 C)4-C0 2 . H. Tutsya observed that in the ferric oxide and carbon 
monoxide reaction X-radiograms show that the reduction proceeds Fe 2 0 3 ->Fe 3 f )4 
^FeO->Fe 3 C. The deposition of carbon was also studied by V» T . A. Bone and 
co-workers, A. Ledcbur, and M. L. Becker. 

The equilibrium conditions between the oxides of iron and of carbon have been 
fairly well established by the work of R. Schenck, but the mechanism of the reaction 
between the oxides of carbon and iron resulting in the formation of the iron carbides 
and carbon is not so clear. It is doubtful if the reaction 2CCM04-C0 2 progresses 
directly at temp, below 6W0° ; it is more likely that the free carbon is indirectly 
formed as a consequence of the decomposition of an iron carbide. As just indicated, 
U. Schenck assumed that cementite, i.e. iron tritacarbide, is the solid phase. 
According to l T . Hofmann, although cementite is always present when a separation 
i*f carbon has taken place, yet it is improbable that the carbon is produced by the 
decomposition of the cementite, because if that compound be heated for 2 hr*- 
below 4oO in nitrogen no decomposition can be detected, but if the cementite 
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be formed from carbon monoxide under similar conditions J ten times as much 
carbon is produced as could be obtained by the decomposition of the cementite. 
II. Tutsya assumed that the carbon is here formed by the reaction 200=0+00*2, 
catalyzed by the cementite, but (i) IT. Hofmann showed that the properties of the 
resulting carbon make this improbable ; (ii) R. Schenck could not determine the 
state of equilibrium of the reaction below 680" ; and (iii) the equilibrium propor- 
tions of carbon dioxide measured by U. Hofmann and E. Groll arc always less than 
those required on the assumption that the carbon is produced by the reaction 
2C0=C+C0 2 . 

W. Gludd and co-workers, and F. Fischer and H. Bahr observed that at low 
temp., between 275° and 320°, the separation of carbon proceeds very slowly, and 
the X-radiogram shows that the space-lattice of what is thought to be iron hemi- 
rarbidc, Fe 2 C, appears, provided the temp, is below 400°. It is therefore assumed 
that the hemicarbide decomposes rapidly in the vicinity of 400°. S. Hilpert first 
assumed the existence of higher carbides than the tntacarbide. The X-ray spectral 
lines of the hemicarbide agree with those observed by R. Brill and H. Mark for 
FcCy* ; and with those 'observed by A. Mittasch anil E. Kuss for an unknown 
carbide. IT. Hofmann and E. Groll also observed the presence of the space-lattice of 
the assumed hemicarbide associated with that of ferrosic oxide in the decomposition 
products of ferric oxide by carbon monoxide between 275° and 320°. H. Tutsya 
did not detect the presence of this carbide, but he is thought to have worked at too 
high a temp., for U. Hofmann and E. Groll observed that the decomposition per 
hour, using 02 grin, of iron and a rapid current of carbon monoxide, results in the 
separation of ; 

250° 320° 420“ 450° 500 J 

Carbon . 0*5 1-6 26-0 65 0 77 0 HigrmH 

These data are considered to represent the speed of decomposition of the heini- 
carbide, and they are also taken to correspond with the rate at which carbon is 
pioduccd in the action of carbon monoxide on iron below 400°. No evidence of 
the formation of the hemicarbide was observed in the action of a slow current of 
carbon monoxide on iron at 510°- -only ferrosic oxide, carbon, iron, and cementite 
were formed ; but at 585° only iron, carbon, and cementite were present ; no 
ferrosic oxide could be detected. With a rapid current of carbon monoxide, at 
4r>()° to 7(X) D , the quantity of carbon dioxide formed is below that required for 
equilibrium, and only iron and cementite were present in the solid phase. No 
decomposition of cementite was observed at 450° for 2 hrs. in an atm. of nitrogen ; 
but when kept at the temp, of its formation for 2 hrs. the cementite was completely 
decomposed into carbon and iron. The general conclusion of U. Hofmann and 
E. Groll is that at these low temp, the carbon produced by the action of carbon 
monoxide on iron or on ferrosic oxide is a result of the formation and subsequent 
decomposition of iron hemicarbide. 

E- Baur and A. Glassner calculated for the thermal value of the reaction 
Fc f (X) 2 ^FeO-f CO, —8724 cals, at 835° ; hence the formation of carbon monoxide 
is favoured by a rise of temp. They found for the reaction Fe 3 0 4 +C0^3Fe0+C0 2> 
- 5176 cals, at 765°, and -4 6503 cals, at 400°. G. Bodlander gave for the free 
energy of the reduction of ferrous oxide by carbon : — 34,9504 35-26T— 4*58 log 
Fro- S. Hilpert said that this reaction begins at 240° and that the product of the 
reaction is carbonaceous. For the reaction Fo+C0 2 =FeO +*CO, G. Chaudron 
calculated the heat of formation to be —3-4 Cals, per mol at 17°, and —2-0 Cals, 
at 650° ; and K. M. Tigerschiold gave —1-8 Cals, at 17°. G. Chaudron gave foT the 
reaction 3 Fe 0 +C 0 2 =Fc 30 4 +C 0 , 9-0 Cals, per mol at 17°, and 6-8 Cals, at 650° ; 
^hilst K. M. Tigerschiold gave 4-0 Cals, at 17°. G. Chaudron gave for the reaction 
dFe^4C0 2 ^Fe 3 0 4 +4C0, -1-2 Cals, per mol at 17 u , and -2-0 Cals, at 650°, 
whilst K. M. Tigerschiold gave 1-4 Cals, at 17°. K. M. Tigerschiold gave .>16-25 
'8 Cals, per mol. for the thermal value of the reaction 3 Fp 2 0 3 +C0 
— 2Fe 8 0 4 +C0 2 at 17°. The thermal values of these reactions were also discussed 
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by H. le Chatelicr. P. van Groningen, and E. D. Eastman. H. L. Maxwell and 
A. Hayes gave 3a-Fe -)-( 1 grai> | li , . ”Fe 3 (' M >iiri+ 10- 1 1;;> Cals, at 050° ; and 19*161 Cals, at 
700°. U. Hofmann and E. (Jroll calculated for the reaction 3Fe -j-H’O.' Fe 3 0 4 +4(*0 ? 
—5380 cals. ; ami fur Fe 3 0 4 | 6(H) Fe 3 C | f»C(L, -41,850 cals. 

The simultaneous action of hydrogen mid carbon monoxide in the quaternary 
system Fe O-C II was discussed by G. Ghaudron. E. D. Eastman and 

R. M. Evans. K. Hofmann, and R. Schenck. The results of these observations 
have been upplicd by W. Reinders, T. II. Byrom, L. Guillet, F. II. Will- 
cox, 1). Sillars, E Bin tram, G. Bulle, A. Michel, B. Osann, C. Zix, H. Bans<*n, 
M. Levin, F. Wiist, I. Bohm, 8. P. Kinney, H. II. Meyer, \V. van Vloten, 

G. S. J. Perrolt and S. P. Kinney, 11. A. Brassert, W. Lennings, K. Ilofmmm, 

A. Wagner, F. Kupelweiser and JL SohofTcl, H. Kinder, J. E. Johnson, W. Mathesius, 
F* Clements, F. A. Kjellin, E. G. Odclstjerna, G. W. Vroehuul, A. K. Reese, 
W. U. JinhoU and co- workers, F. T. Sisco, E. Diepschlag and K. Feist, A. L. Boege- 
hold, J. E. Fletclur. H. Schenck and coworkers, K. Iw r ase and T. Watasc. 

H. Mchner, \\. A. Bone and coworkers, N. Met sc, H. Kaimira, L. E. Gruner, 
H. J. van Roy on, etc., to bring out the nature of the reactions involved in 
the reduet ion of iron urea in the blast -furnace. The relative cum* of tin* re- 
ducibihty of iron ores was discussed by 11. Tho’Jander, 1 B. Bogitch, E. A. IVhlmg, 
O. Simmersbach, B. Stklhnne and T. Muliuberg, J. Khirdmg, II. Seigel, 

S. Sugimoto, G. Yainada, M. Kawaguchi, li. H. Sweetser ami S. 1*. Kinney, 
R. Baakc, A. Weiskopf, A. 1). Fibers, and J. Wiborgli. The gutter the density, 
the less readily is the ore reduced ; ores which are porous alter they have 
lost their volatile matt or are readily l educed. C. II. Desch emphasized that the 
formation of a film of impervious curiam on ore nuiv hinder the reduction. 
II. Braune discussed the work done by nitrogen reactions in the blast furnace, ami 
added that cyanogen is the substance from which iron most readily takes up carbon 
in the blast-lurnaco— vide supra. 

The disintegration of firebricks is associated with the action of carbon monoxide 
about the ferric oxide, etc., present ns “ iron spots ” in the materials, resulting in 
the deposition of carbon in the interior of the firebricks. This may be attended 
by a bursting or shattering of the firebricks. The subject was discussed by 
E. Diepsclilag and K. Feist, 0 A. T. Green and co-workers, 11. P. Heuer. H. K. Mitra 
and A. Silverman, (\ E. Nesbitt and M. L. Bell, B. M. O'ilarra and W. J. Darby, 

B. Osann, 8. M. Phelps, and P. Kischbicth. 
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§ 5. The Manufacture of Wrought Iron 

Wrought iron in iron which has Been produced in a painty condition lielow its 
m.p. ; it contain* a relatively low proportion of carbon and other impurities. It J- s 
AHMieiutcd with a flmull proportion of slug, which is originally jiresent in the metal 
as granules, or separate particles. But when rolled into strips or Bars the granules 
are elongated so as 1o impart a fibrous structure to the metal. Wrought iron melts 
at about 1500°, it can be welded, und is ductile when cold. It is nul appreciably 
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hardened when quenched from a red-heat in water. It thus differs from both .steel 
and cast iron — vide, infra , nomenclature. In the old methods for extracting iron 
from its ores, wrought iron was nearly always the direct product vtdc supra , 
the extraction of iron. The open-hearth processes of the Romans in Britain, the 
primitive processes used by the natives of India and Africa, and the old Catalan 
forge process, as well as the American bloomery process, all yield a mass or bloom 
of what might be called spongy wrought iron. Chaicoal iucl is employed. If 
coke were used, the metal in that state has a great avidity for any sulphur present, 
and the finished metal becomes red-short. The iron produced in the old osmund 
furnaces, the small blast furnaces of India (H. Harris, 1 A. R. Roy, C. von Schwarz, 
and E. Stohr), China (T. T. Read, and A. B. Middleton), Madagascar (0. P. Chaplin), 
Persia (J. Robertson), and West Africa (C. V. Bellamy, G. A. Schwcinfurth, 
T. T. Read, and C. V. Bellamy), as well as in some of the taller Stikkofcns of 
Europe, ) iclded wrought iron. The blooms pioduced in the early pioeess with a 
stationary hearth were described bv C. Ilusgafvel, G. Agricola, V. Biringuceio, 
L. Beck, B. Osann, T. A. Rickard, E. Swedenborg, L. Beck, etc. 

A. Chenot obtained wrought iron without smelting the ore by the direct reduction 
of hirmntite mixed with about one-fifth its weight of charcoal by heating it in 
retorts. The process was discussed by P. R. von Tunner, M. Baills, A. Gurlt, 

E. Grateau, and J. Percy, but it could not compete against the cheaper process 
of smelting for cast iron, and subsequently converting the cast iron into wrought 
iron. Other proposals of a similar nature, but more or less modified, were made by 

C. Adams, W. Arthur, 0. Daube, M. Baills, A. E. Bellford, W. F. Berner, T. S. Blair, 
Bulls Iron and Steel Co., Lid , W. N. Clay, C. Otto, R. M. Daelen, A. Dickenson, 

E. F. Fleischer, G. Gunther, J. I. Hawkins, H. Leobner, W. Henderson, W. Ivanoff, 
J. II. Johnson, H. A. Junes, P. Justice. J. Lcinberger, S. Lucas, W. Mills, W. Moore, 
I>. Mushct, W. K. Newton, C. Otto, V. Projahn, 0. S. Quillard. J. Renton, I. Rogers, 
A. Siittmann and A. Hornatsrh, E. Servais and P. Gredt, C. W. von Siemens, 

F. von Siemens, 0. Sunniersbuch, 0. Thieblemont, O. Thiel, F. Vchatius, 

G. A. Whipple, F. Yates, etc., where the heating was done in reverberatory rotary 
furnaces. These also came to nothing Modifications devised by T. S. Blair, 
C. Adams, and H. II. Fames have been worked at Pittsburg, and they have been 
described by J. A. Hunt, J. Ireland, J. von Ehrehwerth, A. Lcdcbur, A. L. Holley, 
and II. von Jiiptner. 

The production of the so-called spongy iron rule infra — has been discussed by 
E. P. Barrett, 2 P. M. Bounerup, E. Edwin, B. Railing anil G. Lilljcqiiest, B. Slough- 
ton, N. K. G. Tholand, G. B. Waterhouse, M. Wiberg, P. E. Williams and co- 
workers, etc. ; and there are numerous proposals described in the molds of the 
Patent Offices. Here the iron is formed at a temp below its m p. The so-called 
synthetic iron or direct process iron has been discussed by E P. Barrett,'-* L. P Basset. 
YV. Baukloh and R. Durrer, A. E. Bourcoud, E. Bremer. E. W. Davis, K. Dornhccker, 

J. von Ehrenwertli, P. H. Emmett, H. Fleissner and F. Duftschrnid, H. Flodin, 
E. Fornander, A. Gandini, A. Gurlt, H. Grocblerand P. OberhofTer, A. Grocnwnlt, 

G. (rrondal, E. G. T. Gustafsson, H. Harris, F. Hodson andO. Smilley, G. Hoogli- 
winkel, K. K. llore, E. Houbaer, C. Husgufvel, K. Iwase and M. Fukusima, 

K. Iw T asc, M Fukusima and 8. Mitsukuri, K. Iwase and Y. Saito, H. Kamura, 
K. Klcipper, J. D. Knox, II. Lang, J. A. Lefller, H. Leobner, T. Levuz, V. Lindt, 

C. Longenecker, P. Longmuir, S. L. Matlorskv, H. H. Meyer, O. Moyer and 
W. Eilcnder, J. W. Moffat, R. II. Monk and R. J. Traill, I. Moscicki, C. E. Parsons, 

D. Perietzeanu, 0. P. Perin, J. W. Ramsay, T. T. Bead, S. E. Sieurin, J. K. Smith, 

H. Stamm, B. Klalhane, W. F. Sutherland, H. J. Traill and \Y\ R. McClelland, 
G. B. Waterhouse, R. Whitfield, J. G Wiborgh. L Wiekenden, C E. Williams, 

E. P. Barrett and B. M. Larsen, F. Wu*d f etc. There are numerous patents 
described in the records of the Patent Office. 

The exact date is unknown when, in the Middle Ages, tall blast furnace*, wore 
regularly used for the production of cunt iron, and the cast iron w'us subsequently 
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purified in special furnaces so as to convert it into malleable wffmghl iron* At 
first one refining hearth was employed, and where the metal was required of still 
greater purity a second was used. The manufacture of iron wire by drawing was 
described by Tbeophilus, 4 who wrote in the eleventh century. In 1676, If. Powlc 
thus described the conversion of cast or pig iron into malleable or wrought iron as 
practised in the ironworks of the Forest of Dean : 

From these furnaces (high blast-furnaces) they bring their sows and pigs of iron to their 
forges. These are of two sorts, though standing together under the same roof : one they 
call their Finery, the other the Cliafery. Both of them are open hearths, on which they 
place great heaps of sea-coal, and behind them bellows, like those of the furnaces, but 
nothing near so large. Into the Finery they first put their pigs of iron, placing three or 
four of them together behind the fire, with a little of one end thrust into it. Where, soften- 
ing by degrees, they stir and work them with long bars of iron, till the metal runs together 
into a round maas or lump, which they call a half-bloom. This they take out, and giving it 
a few strokes with their sledges, they carry it to a great weighty hammer, raised likewise 
by the motion of a water-wheel, where applying it dext eroualy to the blows, they presently 
beat it out into a thick, short square. This they put into the Finery again, and heating it 
red hot, they work it out under the same hammer, till it comes into the s)iA)>e of a bar in 
the middle with two square knobs in the ends. Last of all, they give it other heatings in 
the Chafery, and more workings under the hammer, till they have brought their iron into 
bars of several shapes and sizes, in which fashion they expose them to sale. 

The refining hearths were at first very simple, but they gradually became more 
and more complex, owing to modifications being introduced to suit local con- 
ditions. The open hearth refinery was called in Germany the Frischofen or 
Frischherden. There are some in use in Styriu and a few other localities. They 
have been described by P. R. von Tunner, J. W, Hall,* A. Wigaud, J Percy, 

F. Maresch, G. Jars, E. Thirria, E. Audibert, S. Horn frav, F. Botiseheff, F. Ovcr- 
rnann, M. Stengel, M. Waeliler, H. Akerman, and J. von Khrenwerth. The pig-iron 
is melted on the hearth, which contains charcoal and the so-called hammer slag or 
iron scale— mainly ferrosic oxide, Fc^O*. Air is also blown in at the same time, 
and the iron is freely sprinkled with slag. The iron is decarburixed by the joint 
action of the air blast and the oxidizing slag. It is possible to obtuin wrought 
iron or steel by suitable modifications of the process. 

In 1784, H. Oort 6 patented a process in which the deearbu fixation aud purifi- 
cation were conducted in a reverberatory furnace with a hollow bottom, so as to 
oontain the metal in a fluid state. Patents closely related to that of H. Gort 
were obtained by T. and G. (Tanage, in 1760, and by P. Onions, in 1783. At 
first white pig-iron was treated in furnaces with a siliceous bottom. This lining 
was rapidly attacked, and renewals were costly. The process was called dry 
puddling . The process was also wasteful of iron, for only 70 percent, yields were 
in some cases obtained. The dry puddling process was described by T. Beddors, 
J. Percy, V. Oouailhac, (J. Hartmann, J. M. Bineau, L. Ansiaux and L. Musion, 
St. J. V. Day, C. W. von Siemens, A. A. Fesquet, (1. Otto, H. Scrivenor, T. Turner, 
etc. S. B. Rogers iR said to have introduced the “ iron bottom M about 1818 ; 
and there arc references to the subject in the patents of R, Gardner, in 1642, and 
W. Taylor, in 1793. The introduction of old bottom-material, consisting mainly 
of iron silicate and ferrosic oxide, produced more slag, and hence it was called wet 
vuddlxng> but the yields were greater — amounting in some cases to 90 per cent. 
J. Hall is generally credited with the introduction of the modem pig-boiling process 
into works practice. The name is applied to wet puddling in allusion to the 
vigorous bubbling or “ boiling ” of the molten metal owing to the formation of 
carbon monoxide by the oxidation of the carbon in the iron by the oxides in the 
furnace bottom. The gas bums with a blue flame at the surface of the metal- 
The jets of flame are called puddlers’ candles , also called sulphur, in allusion to the 
colour of the flame. 

The puddling process has been discussed by L. Beck, R. *Biedcrmann, 

G. A. C. Bremme, J. G. Danks, C. H. Beach, M. Diibcr, II. Fehland, F. Sauvage, 
R. Smith, C. D. af Uhr, and A. Gounot. The operation of puddling has been 
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described in detail by J. Percy, T. Turner, etc. The diagrams, Figs. 32 and 33, 
of a puddling-furnace wore given by J. Fercy The pig-iron is placed on the bed 
of the furnace, and melted down by the heat from the firemouth, F. The 
operation requires about half an hour, and during this operation most of 
silicon and manganese, as well 
as a large proportion of phos- 
phorus, is eliminated The 
molten metal is allowed to 
“clear*' for about 10 minutes, 
during which nearly all the 
silicon and manganese are elimi- 
nated and more phosphorus is 
removed. During the clearing 
the metal is well stirred bv means 
of a bar bent at right angles 
inserted in the aperture r/ 

Fig 32 The whole charge thus is exposed to the aetion of the fettling and cinder, 
and to some extent to the oxidizing action of the air. The furnace-draught is then 
diminished, and a smoky flame is produced The metal is also vigorously stirred 
so that it comes in contact with the cinder This is the so-called boiling stage 
The violence of the reaction gradually diminishes, and in about half an hour the 
Ixilhtuj-vp stage begins Heie the piuldler works the iron into cakes of metal of 
a com cnient size for subsequent treatment The balling occupies about 20 minutes 
The' balls, approximately 80 Hih in weight, are withdrawn from the furnace and 
hammered to remove much of the slag The bloom of iron which resultR is then 
rolled to fonn puddled bars of wrought iron J Kali thus summarized the process 
of puddling . 


Fin 32 Outside Elevation of Puddling Furnace. 


First, charge the furatue 'with good fuign pig iron, adding, if required, a sufficiency of 
flux inrroiiMiig oi diminishing the some in proportion to the quality and nature of the 
pig iron used S >condl\, melt tho iron to a boiling or liquid constituency Thirdly, clear 
the iron thoroughly before dropping down the damper. Fourthly, keep a plentiful supply 
ot fire on the grate, lilthly, regulate the draught ot the furnace b\ tho damper. Sixthly, 
woik tho iron into one mass liefore it is divided into balls ; when thus in balls, take the 
whole to the hummer as quichlj as possible, after which roll the same into bars for mill 
purposes. 

The different oxidizing agents, or fettling , employed in the puddling-furnace 
consist of the so-called hammer-slag or cinder obtained from the compression of the 
puddle-balls. It is a ferrous silicate containing ferrosic oxide. The object of the 



Fro 33. — Section through Puddling-Furnace. 


" flux ” is to provide a bath of liquid cinder into which the globules of cast iron 
may trickle as the metal melts. The sides of the cavity of the furnace bottom 
consist of bull-dog, obtained by calcining tap-cinder. Bull-dog is a ferrous silicate 
containing more ferrosic oxide than hammer slag. The so-called blue billy or 
purple ore is also used ; it is a by-product obtained in the oxidation of iron pyrites 
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in the manufacture 1 , of sulphuric acid. Compact lumps of ferrosic oxide are used 
for making the sides of the basin in which the metal is melted. This material may 
be the tap-cinder obtained by working a mill furnace with an oxide bottom, or it 
may be obtained by calcining a suitable iron ore. The puddler prepares the bed 
and introduces about 4J cwts. of pig-iron for another run. The tap-cinder or 
ferrous silicate slag produced in the puddling-furnace includes the “ boilings ” 
which splashes over the fore-plate during the heating, and the “ tappings ” which 
is removed at the end of the process. The former alone contains “ shots " of 
metallic iron. T. Turner gave : 

FCjOj, >VO RIO, r 8 o a 

Bo i Imps , 0-94 62-61 19-45 6-32 per rent. 

Tappings 12 90 04-02 15*47 .1-1*1 per cant. 

T. Turner thus described the process of what might be called the differential 
oxidation of the impurities in cast iron : 

If n globule of rant iron be melted in the uir. and then exposed to h blast of air or oxygen, 
it will be observed tlmt the impurities are not t>»e only imbalances that are oxidized. It is 
true flint, under very special conditions, either tho rarbon or the silicon may l>e sejiaratcly 
oxidized. But on performing the cxfieriment above indicat od it will be found that the 
iron itself is oxidized in about the same relative proportion as the other elements, and the 
result is thnt practically a luyer of impure magnetic oxide ot iron is formed outside 
tlie globule, w bile the portion of metal that is left is of nearly the same composition as the 
original iron. If the rinder l»o allowed to run away as rapid! v ns it is lomicd, ultimately 
the whole of the in in would lie converted into magnetic oxide, and the last particle ot cast 
iron so removed would have nearly the same composition os the original metal. In this 
ea*c oxidation has taken place, hut no purification has resulted. Jf, now, the sinne exj»ori- 
meut lie Iried, but the fluid oxide lie allowed to remain and to cover the lused metal, the 
oxidation of t lie iron will proreed very little further ; a reducing aclion will then Iks com- 
menced whereby the silicon, carlion, and other easily oxi disable elements will be removed, 
but at the same time a correspon fling weight of iron will be returned to the globule from flic 
surrounding slug. But if, thirdl$% a globule of cast iron lie covered witli magnetic oxide of 
iron to protect it from tho air and to supply tho necessary cinder, and it lie then strongly 
heated, it will bo found that tho globule has not lost in weight, but lias liecome distinctly 
heavier during the process. It is scarcely necessary to say that the waste which takes 
place during reheating or remelting corresponds to tho first condition above given. The 
oxide runs away as it is formed, and thib is an example of waste of iron pure and simple. 
The only redeeming feature is that sometimes the oxide produced may lie of value for other 
purposes. Tlie early open-hearth processes for producing wrought iron m lincrieR, and the 
original method of puddling, resemble the second case, for part of the iron is wasted to 
produce the cinder needed to remove tlie impurities from the remainder of the metal. Tlie 
larger the proportion of these inripuril ie«, tlie greater will lie the loss of iron nccesbary to 
make tlie required cinder, and for this reason a comparatively pure iron is needed, in otdeT 
to obtain the least waste, while at best the waste is comparatively great. A deficiency of 
fluid cinder in the early stages of ordinary puddling or ,k pig boiling ” has an exactly similar 
effect, and leads to waste for the same reasons. In tho modem method of working, on the 
oilier hand, the object is to imitate the conditions of tho third caw* previously supposed. 

I. L. Roll represented the effect of puddling on the compaction of cold-blast 
pig-iron by the following analyses : 

Cnrbon Silhon Sul|4iiir PJiOHjiltorii* 

Pig -mm . . 3*656 1255 0 033 0-505 per cent. 

Finished iron . . 0*220 0-100 0*012 0 004 j>or cent. 


H. von Juptner gave for the composition of blooms made from charcoal and coke 
pig-irons, and of the wrought irons produced from them : 




C 

SI 

Mn 

8 

V 

Cu 

Fc 

Charcoal 

1(0 

0-207 

0-108 

0-644 

0-005 

0-033 

tr. 

98*892 per cenl . 

i(ii) 

0-287 

0-132 

0*587 

0-005 

0-037 

tr. 

99*822 per cent. 

Coke 

l(“0 

\(iv) 

0*110 

0*281 

0-109 

0-207 

0*028 

0-706 

0-006 

0-018 

0-068 

0*121 

0-003 

0*004 

99*870 per cent. 
98-391 per cent- 

Charcoal 

<(»> 

>(«) 

0*121 

0*127 

0-074 

0-094 

0*573 

0*538 

0-004 

0 006 

0-021 

0-027 

tr. 

tr. 

90*103 per «*enl. 
99 154 per cold. 

Coku 

i(»0 

l(iv) 

0*101 

0-120 

0*060 

0-133 

0-581 

0-608 

0*005 

0-012 

0-048 

0-104 

0-003 

0*003 

98*580 per cent. 
98*586 jier cent. 
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The slags contained in the blooms and wrought irons had the compositions : 


Charcoal 

Ooko 


ftlnp In Blooms Slag in Wrought Iron 



SIO. 


MnO 

810. 

Fe.0. 

Mm 

1(0 

0*018 

0-180 

0-011 

0 040 

0*158 

0(8 

i(ii) 

0*018 

0-189 

0-005 

0*042 

0*188 

0 0i 


0012 

0101 

0-000 

0*054 

0-095 

0(W 

'(iv) 

0*018 

0-242 

0-012 

0048 

0 319 

o*o : 


Some of the properties and the manufacture of wrought iron were described by 
W. Richards, J. Aston, J. Kitson, E. Matheson, and F. L. Garrison. D. S. Frico 
and E. C. Nicholson noticed how quickly the silicon is eliminated during the 
oxidation of pig-iron, even before a sensible amount of carbon has been removed. 
The theory of the process was also discussed by J. Percy. The changes in com- 
position at different stages of the puddling were described by F. C. Calvert and 
R Johnson, C ban, and L Cubillo. The observa- 
tions of A E. Tucker on the relative rates of the 
differential oxidation of the chief impurities in cast 
iron are summarized in Fig. 34. H. Bauerman also ^ 
said that the impurities are removed m the order : | 

silicon, manganese, phosphorus, and lastly sulphur. ^ 

The oxidation of the impurities is due m part to the ^ 
oxygen of the air, and m pari, as emphasized by ^ 

G. .I. Snclus, to tlie feiric oxide, but, ns shown by ^ 
li Cubilln, the main oxidation is due to the ferrosie 
oxide in the fettling. Indeed, ('. W von Siemens 
said that the removal of the silicon and carbon from 
pig-iron in the ordinarv pig-boiling process is onhrolv * J( \ “ Progress of Refining 

due to the molten iron oxide, and that an equivalent iro™* * 1 “ddling of fust 

amount nf iron is at the same time produced and 

added to the bath The gain of iron is, however, lost in subsequent stages of the 
process. Each unit of silicon in the pig-iron which is oxidized by ferrosie oxide 
introduced 2-8 times its weight of iron, or three parts of iron is produced for each 
unit of silicon oxidized to silica. T. Turner favoured the same hypothesis. 
L. E. G rimer suggested that ferrous oxide acts as a carrier of oxygen from the 
atmosphere to the impurities in the cast iron. 

3 . PoTC/y assumed \\wA tV \A\osp\votv\s present m the non as iron phosphide, 
and since when molten pig iron is cooled the portions which solidify last arc 
richest in phosphorus, there is a tendenry for the phosphide in the balled iron in 
the bath of cinder to separate by liquation or sweating. The observations of 
G. J. SncliiH, J. E. Stead, and T. Turner have shown that the elimination of phos- 
phorus is due to its oxidation to phosphate by the iron oxide, partly dining the 
molting stage and partly during the quiescent stage which precedes the boil. 
Once the metal has become granular, the elimination of phosphorus almost entirely 
ceases. The presence of silicon and of an cxoClSs of manganese retards the elimina- 
tion of phosphorus. Sulphur is present in the iron and also in the slag as iron 
sulphide, and virtually no sulphur is eliminated as sulphur dioxide ; consequently, 
it appears as if the iron Bulphidc is shared between the iron and slag in accord 
with the partition law. J. E. Stead observed that in slags, iron sulphide and 
oxide exist side by side without interaction. The chemistry of the subject has 
been discussed by H. Louis, F. A. Matthewman and A Campion, P. M. Mucnair, 
A. Jung, F. T. Sisco, J. Kollmann, K. List, A. Schilling, M. Drassdo, and F. Gouvy. 

Various substances have been proposed as additions during the puddling 
process to hasten the elimination of impurities. A. Guenyvcau, and J. Nasmyth 
proposed introducing steam as well as atm. air into the puddling-furnace, and. 
according to J. Percy, G. Parry obtained some success in the desulphurization and 
dephosphorization of pig-iron by this process. It was assumed that bulphur escapes 
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as hydrogen sulphide and the phosphorus as phosphine, but this has not been 
proved. J. Payne suggested the use of “ the ashes of wood and other vegetables, 
all kinds of glass and sandever (i.e. glass gall), common salt and rock salt, argile, 
kelp, and pot R9h, and slagg or cinders from iron furnaces and forges ” ; J. Wood, 
14 lime, kelp, and soaper’s waste " : J. Goodyer, “ common salt and other saline 
substances ” ; D. Mushet, and S. B. Rogers, “ unslaked lime, salt, nitre, and 
manganese oxide 11 ; and R. Richter, and G. Faller, litharge. J. Gibbons also 
recommended limestone, but J. Percy added that it is liable to make the iron red- 
short and rotten. Good results, however, were obtained by A. E. Tucker, and 
H. A. Weld). J. D. M. Stirling patented the use of tin for increasing the hardness 
of the finished metal : and U. Allan described the effect of aluminium. Few of 
these or other additions have Wen successful, and none is regularly employed 
to any great extent. 

In J. Aston's modification the pig-iron is melted in a cupola, the molten metal 
is refined in a bessemer converter, and a slag of the proper composition is prepared 
in an open-hearth furnace. The mechanical disintegration of the iron, and the 
incorporation of it w r ith the slag are attained by pouring a charge of the molten 
refined iron into a bath of the molten slag. The squeezing of the ball of iron into 
a convenient form for working involves no new principle, nor does the mechanical 
working of the .squeezed iron into a form suitable for handling in subsequent 
operations. The process and product were examined by H. S. Rawdon and co- 
woTkers. There is very little difference in the composition, structure, density, 
mechanical properties, and resistance to corrosion between wi ought iron prepared 
by hard-puddling and that obtained by J. Aston’s process. The subject was dis- 
cussed by \V. von Gutm.mn ami H. Esscr, and A. Mitinsky 

Improvements in the puddling-furnace, principally in the direction of gas- 
firing, have been proposed by J Head, 0. Springer, J. A. Detniold, P. Onions, 
H. de Siinencourt and 8. H. Blackwell, A. Raze, B. Kosmann, 10. Laudron, 
E. Ooedicke, F. Siemens, G. Pietzka, and H. Wedding ; A. le Play described the 
Parinthiaii process of puddling with wood as fuel. Other processes of making 
wrought iron have also been proposed by J. Aston, 0. E. Roberts, E. Bone hi 11, 
A. M. Byers, A. H. Beale and co-workers, etc. F. L. Garrison, 0. Murisier, etc , 
described furnaces with movable hearths. Methods of mechanical puddling have 
been discussed by W. H. Tooth, J. S. Jeans, J. P. Roe, S. Dank% J. Head, 
P. F. Nursey, W. Yates, J. I. Williams, F. H. Dechant, H. I). Hibbard, S. Jordan, 
R. Ilowson, H. Kirk, G. Hofcr, E. F. Smith, J. T. Jones, J. A. Jones, P. Roberts, 
J. Lester, A. Spencer, G. J. Snelus, J. J. Bodmer, F. A. Paget, T. Gidlow, etc. 
This appears to be largely an engineering problem. Al tempts to obtain iron 
directly from the ore in reverberatory furnaces were discussed by E. W. Davis, 
E. Laudron, H. Leobner, 0, Otto, and C. R. von Schwarz, 
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§ 0. The Manufacture of Steel 

Steel is the mainspring of modem industry. The commercial importance of steel is 
greater than that of gold, silver, zinc, copper, and lead combined, and, indeed, the trite 
saying that this is an age of iron is well-founded. — W. M. Johnson. 

As a first approximation, sted can be regarded as an iron-carbon alloy inter- 
mediate in composition l>etween wrought and cast iron — vide infra, nomenclature. 
The preparation of wrought iron has been considered from two aspects : (i) the 
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direct reduction of, the metal from it* ore in the form of blooms which are consolidated 
by forging, and (ii) the formation of cast iron, which is subsequently decarburized. 
The preparation of steel can be considered from four aspects : (i) the direct pro- 
duction of iron associated with carbon from iron ores; (ii) the carburization of 
wrought iron . (iii) the fusion of a mixture of wrought and cast iron ; and (iv) the 
partial decarhumation of cast. iron. 

Aboul 30 B.r., Diodorus Siculus, in his Bibliotheca historicu (6. 33), and also 
Plutarch* in hi.s l)e yarndiiate, mentioned that the GcHibcrians made steel of great 
hardness by burying plates of iron under the earth until the weaker part of the 
iron was consumed by rust, and using the part which remained for making their 
weapons. The process is mentioned by E. Swedenborg, 1 R. Watson, and J. Beck- 
mann as a custom in use in Japan ; W. W. Campbell and E. E. Thutn observed 
that some ancient specimens of Grecian iron were really steel. 

The products of the bloomery furnaces must have frequently furnished mild 
MoeK (the processes indicated in connection with the history of the extraction of 
iron in India and Africa furnished steel) ; and steel was the product of the Catalan 
four,. Processes were described by 8. Lucas,- I) Musliet, J. 1. Hawkins, H. Larkin, 
H rhoLinder and P. Ildrden, E. Humbert and A. He they, and W. IS. Newton for 
making steel by reducing ores rich in iron m crucibles, etc., along vuth carbonaceous 
nutters. J. IV rev said that more recent experiments on the subject often gave 
excellent products, but it was not found jKissibie to ensure uniform results. At curd- 
ing to Ii. Jenkins, the earliest definite reference to the production of steel in England 
twcurs in the Ywlona County Hi story of Buster, where it records that John Uladi 
in 131 3 held u tenement railed A Fonje of Steel in Ashdown Foiest, Sussex. In 
b>125 tins foigc passed to John Rowley, who held it in 1 f>4H. M. Sudholl said that 
the term dnl first appears in the Codex medicus Hcrtciww— Jerrum quod slahaldinlui- 
lift ween the ninth and twelfth centuries. E. 0. von Lippmann, and 0. Schrader 
said that the ivord steel appears in all the German dialects— fituhal in Altlioi h- 
deutsrli ; *s label, slash el, or Ml in Mittelhochdeulseh , slid in Altnordisch ; steel in 
English ; stalls in Lapland ; and stale in Slavish. 

Additional observations on the doveJo]Jinrnt of llm sii*el mdustrv wore made bv 
J. (). Arnold, 3 ]». Barnes. Al. Buzin, L. Berk, ('. Bcimm licks, U. Hivmuii, d. Broltng, 
H. ii. Campblb L Cainpredon, F. L. \on t'anerin. t* Choiincum*, L. von Pit'll, 
H. V. ( ViHot-DescotilH, 11. At. Ihiclcn, II. iJainonmie, J. 11. l)aih\. K, DamistaodUT, 
A. JUdvsHC, I. It. .1. ]losbo>e, W. Kilcndvr, O Kv^nstndt, K. A. A. L\rrsmann, J, Francois, 
V A. (latld and (i. Korbwntmn, K danilfa, J,. K. Cinmrr, IL A. Hudtield, J. H. Hull, 
K \V . Hurbord, F. V\'. Hnrbord and «l. VV. Hall, C. F. A. Hartmann, J. Heaton, II. M. Howe, 
It. r . J. Hermann, If. Home, 1\ S. Ihlstrom, J. S. Jenns, C. J. B. Karsten, L. Knah, 

\ Ko,j n, 10 F. Lake, C. Lari, H. C Lamlrin, It. Leohncr, Ij. Little, K. Alan ia, K. Miithmm, 
«J. A. Mathews, VV. Metcalf, L. It. (jiuyton de Morveau, It. Neumann, M. VV. Newfeld, 
H. Noble, F. Overman. i\ Fhlhem, W. Lagc, J. J. Porret, 1\ (I. F. le Play, M. Batnbourg, 
R. A. F. de Reaumur, J. Rosenraich-Hiffrage, M. d© Rozi^ro, H. Itupe and F AluJIer, 
H. Baumann, B. J). Saklatawalla, P. (i. Kalum, (\ W. von Siemens, T. J\ Smith, X). TiaeJiuB, 
y R. von lunnor, (L Turner, 0. Vogel, J. It. Walker, T. Webster, K. Wittgenstein and 
A. Kurzuernhart. 

For the direct production of tit eel in elcrtric furnaces, vide infra. The old 
process of carburizing wrought iron by the cementation process has been practised 
from the Middle Ages up to the present time. The principles behind the process are 
described in a special section below. The bar-steel obtained by the cementation 
process was never homogeneous, and the same remark applies to sfcel made by 
several other processes. B. Huntsman found that homogeneous steel could be 
prepared by fusion in crucibles and subsequently casting the mefal into ingots- - 
Gttt iteel or crucible steel* B, Huntsman’s process was devised about 1700, and 
he melted blister-steel, cast it into ingots* and rolled it into bars. B. Huntsman’s 
proeefls was also described by I\ G. F. le Play, and J. Percy. 11. St. C. Dovillc 
and H. Caron reported on a process for melting the steed in reverberatory 
furnaces. One practical difficulty turns on preventing the metal changing its 
composition by contact with carbonaceous fuel. The manufacture of crucible 
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or cast steel was improved 1 iy J. M. Heath, who introduced some manganese 
carbide, or a mixture of lnunganesc oxide and carbonaceous matters, along with 
the bl jnI er- steel. The mult mg cast steel could be welded. T. Webster has 
discussed some litigation in comnction with the patent rights. W. Reynolds also 
patented the addition of manganese to east iron, or to cast iron for its conversion 
into steel. The erueible process was discussed by J Bischoff, A. Lcdebur, F. T. Sisco, 
J. A. Coyle, II. (1. Manning, J. J Mahon, F Wust, J. M Glodhill, R. H. Probcrt, 
fi. Hofer, J. (’. G. Muller, J. Henrotte, R. A Had field, ]). Flathor, A Htotzer, 
( . Otto, K h . Bolder, A. Harpf, 0. Thallner, A. Brand, J B. Johnston, S. Johnson, 
0. Casper, if. Secbohm, V. Oestberg, M. Rocker, etc 

In J722 H. A. F. de Reaumur 4 prepared steel by melting together a mixture of 
wrought iron and cast iron. He said : 

It is, indeed. posKible to fuse old snap, points ol nail*, itr , in molten pig-iion. Sueli an 
addition of iion to the mixture causes it to lose tusibility moie quickly, and tlie period 
(luring whn li it remains in the molten state is shortened. A lews quantity of tlie sulphurous 
constituents is evolved from the parts nearest to the surface. Tlie iron takes up those 
which arc gnoii otl bv the (ire, und the metul thus hecomcH converted into steel. By thiq 
means 1 have succeeded perfexth in making steel in ail ordinary hearth by mixing some- 
time'* one qimrtci and sometimes one tlmd of iion with tlie pig-iron. 

I) S Price and E. C. Nicholson, (J. Brown, and (\ Attwood also patented processes 
lor the same thing. M Lister cited an obscure passage in Aristotle’s MfrewpoXoyiKd 
referring to the conversion of iron into steel, and a process in which wrought iron 
is tnn\ oled into steel bv keeping it immeised m molten east iron has been described 
by V Birmgueein, G. Agiienhi, M. Lister, and others, as being well-known and 
practised m the sixteenth century; and a reference in Plniv's HNor\n naturahx 
(84.11) is taken to mean that the sa me profess was m use at the beginning of our era. 
U A V. de Reuumui also desmbed the sunie process. 

There are several processes for the nmnufaetiiie of steel by the deenrhunzation 
of Crist iron In the old fining hearth the metal w.i* heated with charcoal in a blast 
of air, while the cake of metal was covered w ith liquid cinder. With slight modifica- 
tions the product may lie either steel oi wrought iron, as desired. The process 
as formerly conducted m fliegen. (Vnuthia and Stvria was described b\ r P. R. von 
Tinnier, 5 C. J B. Karsten, and J. Percy. The deonrburi/atioii of cast iron by 
cementation, that is, by heating it in contact with iron oxide, is discussed below ; 
while F. Uchatiua proposed fusing the cast iron in contact with iron oxide or other 
substances capable of yielding oxygen. The operation more or less modified was 
described by J. and (\ Wood, J. Wood, I). Mushet, M de Rostaing, (\ Peters, 
W. Spence, W. Spielficld, M. Lune, J. Paulis, etc. J. H. Brian t also, in 1824, 
Naul Unit he believed that it would be possible to produce steel in reverberatory 
furnaces by a process analogous to that of puddling. According to P. R. von 
Tunner, the process was employed in Styria for a short time. According to 
A. Delvaux de Fenffe, puddled steel w r as prepared in Bavaria, etc., about 1846. The 
process was also patented by E. Riepe, and described by C. Lau, G. Parry, 
W. W. Collins, B. Kerl, and J. Percy. 

As in the case of puddling for wrought iron, various additions have been recom- 
mended with the idea of accelerating the process of decarlmrization. C. Sehafhautl’s 
mixture of brown iron ore and common salt was discussed by P. R. von Tunner, and 
L. E. Gruner ; and J. Heatons use of sodium nitrate for oxidizing the carbon was 
discussed by W. II. Miller, R. Mallet, D. Kirkaldy, W. Fairbairn, W. H. Williams, 
L. E. Gruner, und B. H. Paul. R. Mushet employed chromates or chromic oxide 
in place of manganese dioxide as an oxidizing agent ; J. E. Sherman, potassium 
iodide ; J. Henderson, fluorspar ; V. Galiet, a paste, made of limestone, clay, resin, 
soot, charcoal, sodium carbonate and chloride, and manganese dioxide. 

In 1855 J. G. Martin 6 obtained a patent for the manufacture of steel by the 
partial decarburization of cost iron by blowing air through the molten metal. 
W. Kelly, also, noticed that when cold air frun the tuyeres impinged on white-hot 
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iron, the iron became hotter instead of colder, and in 1857, W. Kelly patented a 
process of purifying pig-iron by blowing atmospheric air through the molten metal. 
Meanwhile H. Bessemer developed a process for converting pig-iron into steel by 
blowing air through a crucible full of the molten metal. A. Galy-Cazalat, in his 
French patents between 1851 and 1858, mentioned the refining of pig-iron by 
blowing a current of steam through the molten metal, but he did not allude to the 
refining of the metal by a current of air, so that the claims that have been made 
that he anticipated this process have not been established. There has been a 
controversy on the origin of H. Bessemer’s process— H. Bessemer, R. W. Hunt r 
J. N. Boucher, J. Cournot, S. Jordan, E. Riley, R. H. Thurston, J. D Weeks, 
H. M. Howe, etc. — and this was summed up by the Engines : 

The Bessemer process is not a theory, it is an art. It is not one invention but fifty. 
W. Kelly’s cupola did not anticipate the Bessemer converter as fully as Newcomeu’s 
engine did the modern triple-expansion engine. F or New comen's engine could work ; it 
had an economical value ; it revolutionized the practice of mining 


The process of H. Bessemer was at first successful with Swedish pig-iron, which 
had a high proportion of manganese and a small proportion of phosphorus ; the 
process failed with English pig-iron, which was lower in manganese and higher in 
phosphorus. The product in the latter case was always red-short. The trouble 
was overcome by adding some spiegeleisen in accord with the patent of W. Reynolds, 
or of R. F. Mushet. It then became possible to manufacture low carbon steels- the 
Bo-called Bessemer steels- by the process. In Bessemer's process, 10 to 15 tons of 
molten pig-iron are run into a large egg-shaped vessel called the converter. The con- 
verter can be tilted into any required 
position. It is provided with holes at 
the bottom through which a powerful 
blast of air can be blown It is tilted 
horizontally while the molten metal is 
being poured in. The blast is turned on, 
and the converter is swung into a vertical 
position. The converter is made of 
wrought-iron plates, and lined with a 
suitable refractory material. A general 
idea of the structure of a converts can 
be gathered from Fig. 85, which gives a 
vertical section, showing the air nozzle 
leading to a wind-box from which a 
powerful blast of air in 150 to 200 fine 
jets passes through the mass of molten 
metal. The temp, rises owing to the 
heat evolved by the oxidation and com- 
bustion of the impurities — the carbon, sulphur, and manganese. The carbon 
forms carbon monoxide, which bums at the mouth of the converter. The flame 
is accompanied by a brilliant spectacular shower of sparks. The other oxides form 
a slag with the furnace lining. Experience and the appearance of the flame tell the 
operator when to stop the blast. In about 10 or 15 mins, nearly all the carbon 
and most of the impurities are burnt out, and iron, equivalent to wrought iron, 
remains. The molten product is changed into steel by adding the right pro- 
portion of carbon, manganese, etc., as desired. Usually the right amount of 
spiegeleisen is then added to make a metal of definite composition. The blast is 
again turned on for a moment, and the metal is then cast into moulds to form 
blocks of Bessemer’s steel. 



Fig. 


35. — Section of the BoHhemer's 
Converter. 


The process was discussed by R. Akerman, H. Bunsen, P. Barthel M. Belman, 
G. BergstrOm, L. E. Boman, W. Borchers, F. G. Bromine, A. Brovot, H. U. Campbell, 
C. Canaria, W. M. Carr, F. J. R. Carulla, C. A. Caaperson, W. J. Clapp and J. Griffiths, 
J. Cournot, R. M. Daelen, J. Deby, L. Delacuvellerie, E. Demenge, E. Faust, V. Firket, 
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J. Flohr, R. French, H. van Qendt, F. Grassmann, C. Gonner, L. Harha, J. Hardisty, 
A. P. Head, C. E. Heurteau, E. Heyrowsky, G. Ililgenstock, F. Hilton, O. von Hingenau, 
H. L. HoIHh, E, Holz, H. M. Howe, ft. W. Hunt, A. von Ihoring, W. H. Jacques, 
A. Johansson, S. Jordan, O. von Keil, F. Kintzle, W. E. Koch, J. Lager wall, E. Langhein- 
rich, F. Laur, K. Leo, L. Lewin, F. W. Liirrnann, R H McCaffrey, C. Malz, P. N. Mathur, 
J. R, Miller, F. C. G. Muller, F. Munirhsdorfer and E. A. Frey, J. H. Nau, S. Peters, 
C. Fixis, A. Fourcel and F. Valton, E. Friwoznik, A. W. Richards, A. do Riva-Bemi, 
T. W. Robinson, C. Kott, H. J. van Royden, F. Sohrftdor, E. Schrodter, J. Reigle, K. von 
Seth, A. Simonson, J. Smeysters, G. J, Snelus, lv. Sorge, M. Staminschulte, W. Sterckon, 
W. Stdckl, O. Thiel, J. Thiome, M. von Tittler, F. E. Thomson, H. H. Thurston, F. Toldt, 
A. Tropenas, L. Unckenbolt, B. Versen, O. Vogel, J. Wagnor, G. B. Waterhouse, 
H. Wedding, J„P. Weeks, J. G. Wiborgh, and C. D. Wright. 

In H. Bessemer's process the lining of the converter was made of siliceous 
material— say, ganister blocks with a bond of a mixture of fireclay and coke-dust. 
Owing to the acid character of the lining of the converter, this process is called the 
acid Bessemer process, to distinguish it from the so-called basic Bessemer process, 
in which the lining is of basic material — generally blocks made from well-burnt 
dolomite. The blow occupies about 12 mins, and three stages can be recognized : 
(i) The sagging period occupies about 4 mins. Most of the silicon burnR to silica, 
forming a siliceous slag-- FeSi0 3 and MnSi0 3 . The flame iH not very luminous, 
and it is attended by scintillating sparks, (ii) The boiling period occupies about 
fi mins. The silicon continues to burn, and the carbon forms carbon monoxide, 
and molten metal boils violently. The flame is very luminous and is attended by 
showers of sparks, (iii) The fining period occupies about 2 mins. The carbon 
continues burning, and iron is oxidized. The flame becomes less luminous and drops, 
indicating the end of the blow. 

The subject was investigated by T. Rowan, R. Akerman, R. Addie, E. Herzog, 
S. Jordan, P. Kupelwieser, F. (\ G. Muller, A. von Kerpely, F. Kessler, 
W. J. Campbell, A. Tamm, E. TschernofT, etc. According to G. J. Snelus, the 
composition of the gases during a 14 -minutes blow was as follows (hydrogen by 
difference) : 
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Kessler gave 

for the analyses of the metal at different stages of the blow : 
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Free carbon 

. 2-62 
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0-29 

0-45 

Silicon 

. 1 -875 
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0-648 

0-067 

0-021 

0-083 

Phosphorus 

. 0-100 

0-106 

0-096 

0-097 

0109 

0-101 

Sulphur . 

. 0372 

0-069 

0 061 

0077 

0 113 

0080 

Manganese 

. 1-04 

0-23 

0-08 

0 06 
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0-34 


F. Kessler’s results show that the amount of phosphorus in the steel decreases in 
the middle stage of the process, but increases both in the commencement of the 
blow — owing to the relatively greater oxidation of the other substances — as well 
as at the end, when it is, in part at least, taken up again from the slag. Sulphur 
decreases rapidly at first, but then increases in the middle stage, up to the addition 
of the spiegeleisen, for the reason that a portion of it which in the first stage went 
into the slag in the form of metallic sulphides was afterwards again taken up by 
the iron. So long as the manganese is being oxidized and removed from the iron 
the percentage of sulphur in the iron diminishes ; but as soon as the iron is free 
from manganese, it again takes up a portion of the sulphur contained in the slag. 
When the spiegeleisen is added and the blow recommenced, the sulphur again 
diminishes ; and if the first slag (which is sulphurous) could be removed, then it 
would be possible to use brands of iron which are known to contain sulphur for 
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making Bessemer steel The varioun analyses of the products at diffeiont stages 

of the blow show that there is an analogy between the chemical changes in the 

Bewscmcr process and in puddling, although the process of oxidation of silicon and 
caibon is not always the same According to F C U Mullet, 

Jt is piobahlt that during the hrst ftw liiumti s of Hit Mow, the iilicnn is consumed, 
laismt; the temp ot the bath 200 This uuitaso, liowivti impuiis the alluulv of silicon 
for uw^tn so that (luting the second period then following its t luiunalioii is ol secondary 
importance onl\, wJulu the oxidation ol <uibon, the torination of r hi burnt oxide , bee emu h 
t lie pimc ipalrruc tion, as the huge flame ami the splashing (t nd to show r l lie tevu|>eiatiire 
remains constant Without rnangamse iht both would tool, and thus the oxidation ot 
silicon would be maimed The burning manguntso esc apex ns MiigOj, in tlie shape ot 
brown clouds , it dm a not enter the slug, because lifth silica is tnrnung r J he oxidation 
takes plate chiefly tluough the ageing of oxide of non which is dissolved in tlie hath, 
the reaction being limited, howtvei, to a low tempciutun \n cntno cessation ot the 

oxidation of bilicon given use to the most violent splashing 1 he length ol LIuh period 

increases with an mcieaso »n the {lercentage of carbon, and there tore it ih absuid to aun at 
a high percentage of raihon in the Bessemer process As soon us tlu flame grows smallei 
and transparent, and the noise leitnes, tlie third bhoit pound lx gms duiing which in 
eonsequeme of a considerable increase in the amount ot oxide m tlu bath the silicon is 
Again more energetically consumed A slag is formed which is ruber in iron, and which 
m c oloui approaches brown A dip sample taktn at this pi nod mivi« as a good miiiuitoi 
foi the state of the process The silicon is consumed rapidh uttii the addition ol spicgtl 
the cause being, perhaps, the cooling of tlie hath hv the colder natal Besides the liugc 
amount of silicon consumed during tho last peiiod a slow com bust ion of the icsidual 
graphite takes place also The composition ut the slag is Si() , 44 73 , MnO, t r > 41 

FeO, 9 04, and AM), 199 \erordmg to A Lcdebur, tlie slags formed before tin 
addition of t*pic gelcisen in tin acid JUssrinei process have tlu compositiun 
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23 90 

22 M) 

22 23 

Barths 

0 44 
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The theoiy and theimochemistiy of tlie piucesn were disused by W N Harthy, 
H iSthenck, H Hermann, R von Seth, J Sullivan J \V Huulman, B Osann, 
R S McCaflrcy, L V Glaser, G J\ Burgcxs, F T Sisco J W Richards G Bid/, 

H Banaen, K Thomas ami H Pon 



S/dggt'rg Bo/i/ng fwng 


1 [ci 36 — The Kates of Oxidation of Man 
ganeae, Silicon, and Carbon in the Bessemer 
J*roc es« 


thicie . the temp of the conveiter, 
by R A Hadfield, F E Bash, and 

Cornu -The nairi 

F Fischei showed that when atin 
air is passed tluough the molten bath, 
all the substances which c omc in con lac t 
with oxygen will burn, so that primarily 
only diicct combustion occurs The 
oxides foimed then interact with the 
other constituents of the bath. 

There is fust ('4 CO a 2CO 1880 Cals , 
which sensibly coolb the bath \\ hen pig- 
iron is fused with silica or biluate*-, silicon 
and ( arbon monoxide aie foimc d 2C f SiO^ 
- 2CO I- 8i — 10,200 Cals 1 his irne turn it 
quires, howev er such a considerable amount 
ot luat that it piohably only lulus place at 
very high Irmix'ratures On the uth< i hand, 
the reart ions Ri4 CO* 8iO a | ( ] 12,320 
Cals and Si 4 2C O ■= biOj b2( } 1 6,200 Cals 
yield much heat and are ronxequent ly 


pronounced in their action Manganese 
lx haves smulaily Mn+CO a - M 11 O 4 CO 4 2680C ala . 2Mn+C'Oj -2Mn()4 C + 9240Cals , 
and M11 OH SiO,~ MtiSiO s + about 3500 Cals The combustion of the iiiauguncHO 111 
carbon dioxide and its passage into the slag are therefore also accompanied hv a con 
side rat »le evolution of heat The following reaction can also very readily take plgce . 
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Mn-f't'Osr'MnO+t'-t CCGO (’als Silicon and manganese do not therefore protect the 
carbon from roinbimtion, and they 1 educe again the pioductB of (omhuHtion of carbon! 
and so cause the latter to pann again into the iron The action of the iron itaelf ih 
much weaker At a red heat (1) 3FeH 4C0, rV 3 0 4 -( 4CO-8lurab< , (2) Fc ,0 4 -f 4CO 
3roH-4C() a J-HlOluls and at a voiy high teinpeiaturc (3) re,C) 4 -fHCO 3F©4 2C | 600, 
10,710 Oal« r llus last reaction is arcoinpanud by such a huge absorption of hr at that 
it < annot bo \u> pronounced 

The results of V kupelwieser with mangamfeious pig iron wm* summarized 
by W N Hartley, in a diagram lesembling Fig 36 The composition of the pig- 
iron was 3 46, Mn , 3 94, C and 1 96, Si One of the find changes is the passage 
of free carbon to combined carbon, which is illustrated by the dotted line in the 
diagram According to F W Harbord and J W Hall, the following may be 
regarded as typical analyses of and Bessemer steel 

CoiubuudC Si S P Mn 4 s 

Soft steel 0 10 0 IS 0 02 0 Oh 0 03 0 OH 0 04 0 08 0 40 0 80 0 02 O 00 per cent. 

Kail Htcel 0 12 0 65 0 04 0 OH 0 05 0 08 0 00 0 OH 0 00 1 00 0 02 0 08 per cent. 

By using specially ho!< ctcd pig iron the phosphorus and sulphur may be reduced 
below these limits The composition of thr pig non used in the acid process is 
tvpicall> 

C ombiiiMl ( IrioC SI S P Mn 4s 

0 40 3 20 2 25 0 05 0 05 0 50 OlMpiiunt 

The plujspliujus aisc me and sulphur should be as low as possible and not exceed 
0 06 per cent while the manganese should not e\c»ed 1 per cent r i he caibon 
in i> be between 12 and i pei cent r lhc silicon should be lie tween ‘2 0 and 2 Ti or 

3 0 pci cent A Lcde bur found that 1)ic chromium and \ uiaclnim in pig non aic 

thus affected bv the Bessemci treatment 

e Mn lr \ 

Be foie* blow 2 5JS 0 702 0 07 1 0 072 per tint 

Attn blow 0 OHO U UiO 0 013 0 000 percent 

H Reims disc ussed the liquation phenomena m a cast Bessemer steel roll weighing 
7 tons 

The use of the spcctiuaeope foi fixing the end of the operation was discussed by 
E Tschernoff, V R von Tunner, J M Silliman T Rowan, A (rreinei etc Accord- 
ing to II E Koscoc, A Lielegg, P Kupclwiestr, and ,1 R Barker the spectrum 
of the Bessemer flame is characterized 1»\ bands of caibon or caibon monoxide, 
while, atcordiug to R Himmler, A (Jitiner, .J Brunner, A von Lichtenfcld, and 
H Wedding, the spectium is not due to carbon or carbon mono vide but lather 
to manganese and othei elements in pig iron and M Watts said that the spectium 
is not due to carbon, carbon monoxide, or manganese but rathei to manganic 
oxide Arcordmg to M Watts the difference in the spectium observed m difTeient 
works is due to the temp and the composition of the metal under treatment In 
the first or slagging period the lines of the alkali metals sodium potassium and 
lithium — were unreverstd on a bright continuous spectrum of carbon monoxide , 
the C-line and apparently the F line of hydrogen were seen reversed duiing a 
snowstorm In the second or boiling period bands of manganese o\eilvmg the 
continuous spectrum of carbon monoxide were prominent Theie me lines of 
carbon monoxide, manganese, and iron, and also those of the alkali metals In 
the third or fining period the lines of iron are not so strong as in the boiling stage and 
they are not so well-defined , indeed, some of the shoi t lines disuppe ai r I he lines of 
the alkali metals ore visible. The bands of manganese oxide mav be pn sent , if so, 
they are obscured by the continuous carbon monoxide spectrum No absoiption 
bands were seen, no nitrogen bands, nor bands of calcium and magnesium oxides 
neither did the lines of these metals appear There is no trace of cobalt, nickel, 
chiomium, or copper, certain carbon bands overlie those of manganese and me 
recognized by mea&uiements of their edges Some of the lines not identified by* 
M, Watts were found to be iron lines, others belong to manganese 51 Watts 
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observed the rod line of hydrogen during wot weather. W. N. Hartley identified 
the spectral lines of calcium, rubidium, caesium, copper, silver, thallium, and 
gallium in the flame of Bessemer's converter. 

It will be observed that sulphur and particularly phosphorus are not removed 
by the acid Bessemer process. In 1878, S. G. Thomas showed that if the converter 
be lined with a basic material, say dolomite, and the Must be continued a little 
longer, the oxides of phosphorus, sulphur, and silicon which are formed are absorbed 
by the furnace lining. Some lime is put into the converter near the beginning of 
the blow to furnish the base necessary for the production of the slag, and to protect 
the basic lining of the converter from undue corrosion by slagging. Otherwise the 
operation is conducted er just indicated. S. G. Thomas developed the process in 
co-operation with 1\ (\ Gilchrist, so that in England the process came to be called 
Thonuu-Gilchrist’s process ; in German}' it is called Thomas's process, and in 
America the basic Bessetncr process. The process was discussed bv H. Schulz and 

J. Schonava, A. Hcrberholz, (\ \V. Ljunggrcn. A. Brovot, V. Hurbord, 

C. Longenecker. F. M. Feldhaus, E. Mathesius, F. Grussmann, F. Kintzle. J. von 
Ehrenwerth, G. Bresson, H. Schuphaus, A. Wasum. J. Mawnez, G. Hilgenstock, 
A. Spannagel, etc. According to F. \Y Hurbord and J. \V. Hall, the following 
may be regarded as typical analyses of basic H^wnicr steel : 

f'&iiiMiird v SI s J' Mu 

Soft steel . 0-08- 0-15 trace (MCi OHS 0114 (l OS (HO 0-80 002 0-OG pci cent. 

Rail steel . 0-32- 0-55 0 0 02 IMtt UUh 0 00 0 08 0 GO 0-100 O OLMHHi per eont. 

With special care in the selection of ihe pig-iron the impurities may be reduced 
below these limits, and vice versa. The pig-iion for the basic process has the 
typical analysis : 

Combined (J I r< <> < ' s 1 ,s 1* Mn At* 

3-40 0-20 1 00 O-OJi 3 (10 2-00 (1-03 rent. 

Iron with over 1 per cent, silicon may be used, but the silicon is preferred 
low. The phosphorus may be between 2-5 and 3 T> per cent. The low r cr the sulphur 
and arsenic the better, and they should not exceed 0-06 per cent. A. Tamm 
made analyses of the gases at different stages of the Mow ; V. Scheibler, E. Hteinwcg, 
G. Hilgenstock, and E. Hchrodter discussed the slags— vide 3. 24, 25, et scq. 
it. Finkcner gave for the composition of the metal and of the corresponding 
slags at different stages of the basic Bessemer process and after the addition of 
spicgeleisen ; 
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According to W. N. Hartley and H. Ramage, the phenomena occurring during the 
blow in the basic Bessemer process differ considerably from those of the acid process. 
They said : 

First, a flame is visible from the commencement of blowing, or as soon as the cloud of 
lime-dust has dispersed. We conclude that the immediate production of this flame is 
caused by carbonaceous matter in the lining of the vessel, that its luminosity is due partly 
to the volatilisation of the alkalies, and to the incandescence of lime-dust carried out by 
the blast. Secondly, volatilization of metal occurs largely at an early period in the blow, 



IRON 


653 


and is due to tho difference in composition of the metal blown, chiefly to the smaller quantity 
of silicon. There is practically no distinct period when siliceous slags are formed in the 
basic process, and metals are volatilized readily in tho reducing atmosphere, rich in carbon 
monoxide. Thirdly, a very large amount of fume is formed towards the close of the second 
period. Tins anaes from the oxidation ut the metal and of phosphorus in the iron phosphide, 
being productive of a high temp., hut httlo or no carbon remaining. The flame is com- 
paratively short, and the metallic vapours carried up are burnt by the blast. Fourthly, 
the over-blow is characterized by a very powerful illumination from what appear? to be a 
brilliant yellow flame : a dense fume is produced at this time composed of oxidized metallic 
vapourH, chiefly iron These particles are undoubtedly of very minute dimensions, as is 
proved by the fact that they scatter the light which falls on them, and the cloud casts a 
brown shadow, and, on a still day, ascends to a great height. The spectrum is continuous, 
but does not extend beyond wave-length 4000 A. This indicates that the source of light is 
at a companion ely low temp., approaching that of a yellowish-white heat. We conclude, 
therefore, that the light emanates from a torrent of very small particles, liquid or solid, 
at a yellowish white heat. The “ flame M can have but little reducing power at this stage, 
and this, together with its low temp , accounts for the very feeble lines of lithium, sodium, 
potassium, and manganese seen in the photographs or by oye observations. Fifthly, the 
spectra of flames from the first stage of the basic process differ from those of the acid 
process m several particulars The manganese hands are relatively feeble, and lines of 
elements not usually associated with Besbomer metal are present. Both the charges of 
metal and of basic material contribute to these. Lithium, sodium, potassium, rubidium, 
and ciesiuiii have lx*on traced mainly to the lime ; manganese, copper, silver, and gallium 
to the metal. Other metals, such as vanadium and titanium, aro not in evidence, because 
they do not yield fiarne spectra ; they, together with chromium, pass into the slag in an 
oxidized Blatc. 

In 1862, C Attwood 7 patented a process for manufacturing steel from a 
mixture of wrought iron and east iron with some spiegeleisen- vide supra. He 
employed a regenerative open-hearth or reverberatory furnace designed by (\ W. von 
Siemens The reverberatory furnace has a roof formed of silica bricks sloping 
towards tho centre, with a shallow rectangular trough as hearth. The process was 
too costly. The process was also tried in France in 1863, at the works of P. and 
E. Martin, Sireuil, where steel was manufactured in the Siemens furnace by dis- 
solving scrap wrought iron in a bath of cast iron with a suitable addition of 
manganese and carbon at the end of the operation. The process m this form 
assumed no commercial importance, but when 0. W. von Siemens applied the 
regenerative furnace to the decarburization of cast iron by the use of iron ore, 
with or without the use of iron or steel scrap, the process developed rapidly as the 
open-hearth process or the Siemens-Martin’s process. In the original process of 
C. W. von Siemens the oxide ore was added to the molten pig-iron, the so-called 
pig and arc process ; P. and E. Martin added scrap without ore to the molten pig- 
iron, the so-called pig and scrap process. E. Maurer and W. Bischof discussed the 
history of the open-hearth process. 

According to L. Guillet, at Kladno, about 1830, successful attempts were made to 
dephosphorize iron by using a ferruginous lining with a puddling-furnace ; and in 
1859, L. E. Gruner commented on the subject in connection with puddled steel. 
In ]869, E. Muller patented the use of magnesia linings for Bessemer converters 
and Martin’s furnaces so as to eliminate sulphur. C. M. Tessie du Motay, in 1872, 
and A. Lenoauehez, in 1875, reverted to the dephosphorizing effect of magnesia 
linings ; and in 1878, 8. G. Thomas and F. V. Gilchrist announced tho discovery of 
their basic process for the manufacture of steel. 

Molten pig-iron is run directly into the furnace, or else a charge of, say, 5 tons* 
of pig-iron is put on tho bed of the furnace, and when it is melted down iron ore 
broken to the size of ordinary road-metal is thrown in. This makes the molten 
metal “ boil ” vigorously ; more ore is added m successive portions so as to keep up 
a good “ boil.” It is then allowed to stand for a short time to permit as much as 
possible of the iron to work out of the slag. Broken limestone or quicklime may 
be added at intervals during the process to assist in separating the iron from the 
slag. The molten iron is maintained in a fluid condition to allow samples to be 
removed and tested. Additions of wrought scrap or pig-iron may be made to adjust 
the metal to the desired temper. Ferro-manganose or spiegeleisen is then added, 
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and as soon as this is all melted the charge is tapped. A 5-ton furnace is a very 
small one ; some hold up to 125 tons. The average capacity is about 70 tons per heat. 

The furnace is heated by producer gas. Both the gas and the secondary air 
for the combustion of the gas are pre-lieatcd, so that a very high temperature can 
be obtained. A general idea of the process can be gathered from Fig. 37, which 
shown a section through the hearth The gas and air burn on the left ; the flue 
gases travel down the flue on the right, and in doing so heat up two chambers below. 
The direction of the burning gas is then reversed. Gas and air pass separately 
through the hot chambers, and the flue gases heat up another pair of chambers 
below the hearth. The direction travelled by the burning gas is reversed about 
evei v half and in some cases every quarter of an hour, and the heat of the flue gases 
is utilized in warming-up chambers through which the unbumt gas and air will 
pass later on. Tbe furnace is called Swims' regenerative furnace 

If the bed of the furnace is made of siliceous materials at nl open-hearth process — 
the proportions of carbon, silicon, and manganese arc reduced during tlio treatment, 
but the amounts of sulphur and phosphorus remain fairl\ constant. In the butnt 
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opeifheailh pnirtss the furnace ih bedded with, say, dolomite, and there is a steady 
fall in the amount of phosphorus during the treatment, just as was the case with the 
basic Bessemer's process of S. G. Thomas and P . C. Gilchrist. 

About 1908, the output of steel by the open-hearth process surpassed that 
produced by Bessemer's process; and although the former is slower, it permits a 
faT greater control of the reactions involved and of the composition of the finished 
metal It also allows a greater variety of phosphatie pig-irons to be treated. 


The open-hearth process has been discussed by P Acker. R. Aknrman, W. Alberts, 
in xr Amutronff C. H F. Bagiev, H. Bansen, W, P. Barba and H. M. Howe, A. Barberot, 
W V Beck, K. Becker, A. Berglbf, F. Bernhardt, I. A. Billiar, E, ^u.C.Bohlm, A U^Mer, 
G K Boyd H. Untune, J. A. Brinell, C. Brisker, G. B. Bruno and GDelbart, A. Bystrfmi, 
J W Cabot , H. H. Campbell, C. Canaria, W. M. Carr, C. A. Caapereon, 8. Casaon, 
W V Chandler J. Christie, H. O. Chute, D. Clark, F. Clements, M. J. Conway, S. J. I ort, 
F Cotel C^ C de Coiwaemiea, F. J. Cmlius, H. Crowe, K. M. Daelen. K. M. Daelen and 
t PotroL, J- na^B. Dawson, G. Deepnt, C. Dichmann, A. M Dick and C. ? . Padl^. 
A N Diehl E Dienachlag, .1. vou Ehrenwerth, H. de Kst&ve, A. L. Field, F. Fiorelu. 
R French. 'lL Furness, L* Gautier, R. Gonzer, M. L. Gerard. P. C. Gilchnst, H. G.lle, 
A ; Gouvy F. Orassmann, H. G. Graves, J. A. de Grey, W. E. Griffiths and J 1 * J> M^iw«ner # 
H Groeck, E, Gunter, F W. Harbord and J. W. Hali J. Hartshome, JI. S. Hasting . 
A HXrhot H HnVmanns, C. H. Herty, 0 H. Herty and co-work^ K lte^g. 

H.D. Hibbard, N F. Uindle, G. Hofer, O.IInls, J. X. Hoyt. V^iJntV Kfflmg 
E R Jetto, R. Johannsson, A. Jung, P. Kabnert, W. Keen. R. T. Kent, E. Ki K- 
C. D. King, C. L Kinney, P. Klein, J. L. Klmdwortli, K. Kohler 1>. Kofler, B. G. Korn. 
K. Krews; P. Kupehmser, T. O Kus, E. Langheinnch, B. M. Inrun, H. W. Lm 1». 
F E. Lathe, M. Lencauchez, F. Lepersonne, W. Lister, E. de Lowy. h. Lubojatakj. 
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h i; u !i^ her ’ Hi Macco - ({ R McDermott and C. L. Kinnov, W. McFarlane, 
C. H. McMillan, A M ('William, A M< William and W. H. Hatfield, IS von Mnltitz, 
B. dr Mon», O Mars, K Manifr and \V llisiliof. JC Maurer mid 11 SduOdter, J MeiNei, 
A AfijCfnot. fi A MjJHurd, H MotmMji, A Monoll S (* Monro, 7 Ji Jf 0177 H.Fi. K Munfcor. 
T.JVasko, B Nciiiiruv, 1 * Neumann, C* S N’u^rnt, fa (J OilrMjeuin, /' W . Paul, M A P»v lofT, 
O. Prtrr^on. K Fmownrskv , Iv J’oofJi, 1 Ponffiirra, A Point cl, <«' L Prcnfiss J 1‘upjJO, 
\V J Kra/ran, I* Urns, L F Hrinarf/, J \V Billiards A Winner, J Kilev, Cl A V. Kussell, 
F. fiandolm, JS H Samtor, K J. Surjanl, A Kattmann, F ttauerwald, A Srhack, 
W. HolidanolT, H Sdicnik, W Scliinidlirtinirior, }{ SdmffrJ, 1\ Seaier, .7. Smgle, W . Sliaw, 
J* G Shook, 0 SnnmiMsbacli, K J* Smith, W So It 4 , J Sonnenfrkl, K Spet 7 lnr and 
oo-workors, l 1 Spiiii^uiuin, F Stein, I J- Mi vnnsnn, ( f Mockl, B. Stoughton, T I) St rank, 

C Strohrav.i, () Ktiumhoig, (' 1' Strornr\ri, S Shim chi, W 7 at el, B Talhol, O Tine), 

,T H’J urine, I* Thonm^, J\ Thomas, B II Thwuite, (’ W 'rich strum, M Tigcrsrluold, 
M \ on Tit tin. Cl Toppe, V L To\, (1 It Tranter, VV Trinks, B W Turnoi, T Turner, 
T. 'IVjiwun, H ( N.wlirr and IS. H Hamilton. F Valtnn. F W \cach, J Wagner, 
Jlnrhison \\ nlkei ( Walrand, il Wedding, .1 Women. F Woisgrihor, S 7’ Wellman, 

,1 If Whitt It \ and A F if allimond. K A Whitworth, \ I) Williams, P Williams, 

(i A Wilson \ Windott, JV ( Wood, M von Zn\ liowskv, and IS von Zcipel, rt( 

L ('ubilJn followed the course of the acid open hearth process by analyzing the 
, ‘l.ig pmuditalh It hts after the (barge was completed melted, and the metal 
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hall an hour after the chaige was completely melted i ( at J2 30 p.m , with the 
addition of hpiegcleisen at 4 40 pm, and the metal was finished at 5 20 pm. 
The following are the results 




Metal 



l lit 

J i) 

7 Mi 

no in 

4 40 i< ill 

MO* 

5,7 1 1 

is 07 

17 40 

50 16 52 21 

50 70 

FoO 

21 .77 

:io 07 

30 Ml 

29 19 27 13 

26 06 

MnO 

1.7 37 

U 14 

12 65 

10(H) 1117 

1 1 905 

CaO 

3 Mi 

5 20 

5 (Hi 

7 30 6 3S 

S 1(1 

WgO 

2 45 

2 52 

2 23 

2 66 3 08 

2 42 

K 

0 0.7 

0 04 

0 045 

0 045 0 048 

4 40 


12 10*1 J ,1U< 

2 ()• 

2 Ml* 

3 M)i 4 0 4 40 

r > 20 ii in 

V, 

1*60 1 47 

1 27 

1 17 

0 71 0 57 0 43 

0 48 

Si 

0 59 0 21 

0 047 

0 012 

0-012 0 012 0 012 

U 140 

S 

0 075 0 079 

0 070 

0079 

0 079 0 079 0 079 

0 080 

P 

0 059 0 060 

0 060 

0 060 

0 060 0 060 0 060 

0 060 

Mn 

0 34 0 17 


- 

- 

0 43 


The symbol * means that ore w r as added, and t that sand was added During the 
melting period, when solid pig and scrap was used, the products of combustion — 
either as free oxygen or carbon dioxide act on the metal to oxidize carbon, silicon, 
and manganese, but when the charge is completely melted and covered with a layer 
of molten slag, oxidation occurs through the abstraction of oxygen from some of 
the constituents of the slag If the ferrous oxide becomes reduced by this means, 
the slag becomes too acidic and viscid, and if is necessary to add more ferric oxide 
m the form of iron ore. II. Allen represents the loss of carbon by the molten metal 
by d curve resembling Fig. 38 ; whilst the changes which take place during the 
working of a charge in a basic furnace aie illustrated b> Fig. 39. 
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OboervatioziA on the subject were made by H. H. Campbell, C. H. Herty and oo -workers, 

F. KoUm/mn, G. Mehrtens, H. Schenck, F. Stille, H. Styri, and K. Thomas ; and in the 
basic furnace, by R. Back, H. Bansen, W. J. Beck, H. M. Boyston, W. D. Brown, 
O. K. Burgess, H. H. Campbell, W. P. Chandler, T. P. Colclougli, 8. Cornell, C. C. de 
Coussergues, A. S. Cushman, E. Damour, M. Deslandes, G. A. Domin, J. B. Ferguson, 
A. L. Field, O. Fisk, R. Fomander, R. Furness, J. M. Gaines, K. Gierdziejewsky, M. Groume- 
Grjimailo, J. Guyot, F. W. Harbord, A. Harrison and R. V. Wheeler, W. Heil, W. M. Henry 
and T. J. McLoughlin, A. Herberhok, H. Hermanns, C. H. Herty, C. H. Herty and 
©o-workera, E. Herzog, E. Houbaer, W. Hiilsbruch, K. Huesaener, E. R. Jette, A. Jung. 

E. Killing, C. L. Kinney and G. R. McDermott, S. P. Kinney, A. B. Kinzel and j. J. Egan, 

K. Kohler, B. M. Larsen, B. M. Larsen and J. W. Campbell, E. de Loisy, E. Lubojatzky, 
A. McCance, 1*. M. Marnair, G. Mara, R. Mather, F. A. Mathewnmn, F. A. Mat bowman and 
A. Campion, E. Maurer and S. Schleicher, E. Mayor, G. Mehrtens, J, R. Miller, H. Monden, 

G. Neumann, E. NoailJon. P. Oberhoffer and oo-workera, R. D. Pike, V. Polak, F. Sandelin. 
A. Schack, H. Schenck, 8. Schleicher, W. Schmidhammer, H. Schmidt, H. Schmidt and 
W. Liesegang, C. Schwarz, H. See, H. W. Seldon, A. Silin, D. Sillarn, F. T. Sitwo, 

H. Styri, G. Tammann and co-workers, K. Thomas, M. TigersclnOld, W. Trinkn, 
C'. W. Veach, G. B. Waterhouse, J. H. Wliiteley, J. F. Wilson, J. T. Wright, F. Wuwt, 

F. VViist and J. Dulir, and B. Yaneeke and co-workere. R, A. Hadfiekl measured the tornp. 
of the furnace. 8. Schleicher studied the composition of the bath at different depths. 

According to F. W. Harbord and J. W. Hall, the following are typical analyse#* 
of open-hearth steels : 

Combined C 81 8 V Mit A* 

A - , (Soft steel 012-0*20 0-04-0*08 002-0*Ub 0 02-0*06 0*40-0 00 0 02-0*00 per cent. 

u \Rail steei 0 20-1*50 0 04-0 35 0*02-0*00 0*02-0 00 0 40-100 (H>2-0-06 per cent. 

B - /Softstee! 0-10-0*18 tr. 0 02 0 06 0*03-0*06 0*40-0*80 0*01-0 00 per cent 

i Rail steel 0*45-0-70 0 00-0 35 0*04-0 06 0*04-0*06 0 00-0 90 0*01 0*00 per cent. 

By lining special haematite pig-iron the phosphorus can be almost eliminated. 
Typical analyses of pig-iron for these processes are : 

Combined C Free C 8i B }» M» An 

Acid . 0-40 3 20 2*00 0 04 0 04 0*60 0-03 per cent. 

Basic . 3*40 0*20 <1*00 0*05 <2*00 2*00 0 3 per cent. 

The carbon for the acid process may vary from 3*2 to 4-0 per cent. ; the silicon 
Bhould not exceed 2*50, and manganese, 1 (X) ; and the lower the phosphorus, 
sulphur, and arsenic the better, but the percentage should not exceed 0*05 per 
cent, in each case. For the basic process the silicon should be less than 1 pet cent., 
and the phosphorus below 2-00 per cent., but some, is used with about 3 per cent, 
oi phosphorus. If sulphur is low, the manganese may be less than 1 per cent., 
hut if sulphur is high, more manganese may be necessary. H. Schenck studied 
the manganese and phosphorus reactions in the basic process ; . H. Schenck, 
H. D. Hibbard, and A. S. Thomas, the silicon ; and 8. Schleicher, E. H. Saniter, 
A. Riemer, F. E. Thompson, F. Stille, J. E. Stead, K. Gierdziejewsky, JL Gold- 
schmidt, W. G. Burman, J. Massenez, L. J. Ball and A. Wingham, etc., the 
sulphur. R. M. Keeney, W. S. Hamilton, G. H. Jones, II. L. Geiger, A. t\ Dalton, 
and L. Goldmerstein discussed the use of fluorspar in steel-making. 

Numerous modifications of the open-hearth process have been devised. In 
many of them the furnace is designed so that the hearth can be tilted and either 
metal or slag run off as desired. Modifications have been discussed by F. W. Harbor* I 
and J. W. Hall, H. Wedding, B. Talbot, L, Unckcnbolt, 8. Surzycki, 0. Simmersbach, 
J. TI. Darby and G. Hatton, A. P. Head, J. Head, P. Eyermann, R. M. Daelen anil 

L. Pozczolka, H. lilies, O. Thiel, J. W. Cabot, A. Ledebur, H. M. Howe, A. E. Davies, 
etc. R. B. Carnahan, and A. S. Cushman developed a method for preparing iron 
of a high degree of purity. It has the trade-name annoo-iron. It was discussed 
by A. Sauveur--wde infra. 

The application of electric furnaces to the manufacture of steel has developed 
along two directions. Where electric power is cheap enough, electric heating ha#* 
replaced the use of fuels like gas, so that ten years ago in Norway electric furnaces 
displaced open-hearth furnaces. In other cases it has been found advantageous to 
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combine two operations, in which the steel is subjected to a preliminary treatment 
in the open-hearth furnace, and the liquid steel is then transferred to the electric 
furnace for the final purification — deoxidation, desulphurization, adjustment of 
carbon, and additions of other elements for the production of alloy .steels. High- 
grade electric steel can be thus produced equivalent to high-grade crucible steels 
at a favourable cost. The use of a higher temp, and the maintenance of a clean 
reducing atmosphere are great advantages. With alloy steels the losses through 
oxidation are much less than in fuel-heated furnaces. Steel can be readily obtained 
from scrap metal without, the use of pig-iron, and steel of a uniform and good 
quality can be produced from low-grade materials. The subject has been discussed 
by J. N. Pring, a etc. 

One of the many forms of furnace designed by P. L. T. Heroult 9 is illustrated 
diagraimmitically in Fig. 40. The furnace may be 16 ft. in diameter, and it has a 
plate-steel shell about an inch thick. It is lined 
for 4 J with firebrick ; inside that is a lining 
of magnesite bricks. 9 to 13.1 ins. thick ; and 
above that is a bed of burned magnesite, 13 ins. 
thick. The domed roof, 12 ins thick, is of silica 
brick. The openings in the roof are for the 
three earl ton electrodes, which are 20 ins. dimn. 
and are carried by horizontal arms projecting 
over the furnace, and which can be adjusted by 
movable rods. Heavy copper cables and bars 
carry the current from the transformer. The 
bottom of the furnace is carried on toothed 
rockers and tracks so that the furnace can be 
tilted. The tilting gear is operated by a motor 
which fills the furnace by means of a connecting- 
rod. The furnace is charged with, say, 25 tons 
of molten metal from the open-hearth or 
Bessemer furnace, and the current is switched 
on. The bottom of the electrode is adjusted 
with about three-quarters of an inch clearance, 
from the surface of the slag. The alternating, 

3-phase current has an amperage of about 6iXX) 
to 14, (XX) per phase, and a voltage of 110. The temp, rises from about 1510° with 
high- carbon steel to about 1650° with low -carbon steel. Limestone and iron oxide 
are added as desired. These materials form an oxidized slag for reducing the 
phosphorus down to about 0*008 per cent. The slag is then run off, and another 
mixture called a reducing slag is added. It consists of limestone, sand, fluorspar, 
and coke-dust. It deoxidizes and desulphurizes the metal. If desired, the proper 
amount of the alloy metals - manganese, nickel, chromium, or vanadium — is added, 
and the metal is ready for pouring after the slag has been run off. The whole 
operation occupies between 4 and 5 hrs. The reactions which occur in the basic 
process were discussed by F. T. Sisco, and W. E. Moore. 

According to F. R. Eichoff, “ it is impossible to heat a steel arc-furnace by 
utilizing the heat generated by the resistance of the thin layer of slag, or of the 
large cross-section of the bath. These resistances furnish only a few per cent, of the 
heat necessary in the furnace. . . . The heat cannot be obtained by the decreasing 
resistance offered by the slag as the temp, rises, or by utilizing the resistance of the 
bath. The slag layer is too thin, and the cross-section of the steel bath too large/’ 
The heat of the Heroult furnace is almost entirely derived from the heat of the 
arc formed between the electrodes and the bath. Tho ferric oxide added to the 
bath is reduced to ferrous oxide, and it distributes itself between the metal and the 
slag. The oxidizing slag contains about 40 per cent. CaO ; 26 to 29 per cent. 
FeO and MnO ; and up to about 4 per cent. P 2 0 5 . The oxidizing slag only affects 
vol. xn. 2 u 


Electrvdcs 



Fig. 40. — Heroult Electric Steel 
Furnace. 
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the sulphur to a small extent, A little sulphur dioxide may be formed by the 
reaction FeS+2FeO— 3Fe+S0 2 . When the reducing slug is introduced, the 
ferrous sulphide which is formed is distributed between the slag and the metal in 
accord with the partition law ; and similarly also with the manganous sulphide. 
The reaction with the slag may proceed : FefcH OaO^OaS-|-FeO ; but at the same 
time the ferrous oxide is reduced : FeO 1 Fe. The subject was discussed 

by T. Geilenkirehen, and B, Osann. The carbon in the reducing slag may form 
silicon carbide, calcium silicidc, and calcium carbide. The latter compound 
explains the smell of acetylene from a cooled sample. The calcium carbide in the 
slag may react with the ferrous sulphide : 2CaO-} 3FeS -f CaC 2 ---3Fe4 3CaSH-2CO. 
According to W. Fielding, some silicon sulphide may be formed : 2Fe8-[ FeSi 
=3Fe+SiS 2 . According to C. (\ de Coussergues, hydrogen dissolved in the steel 
is attacked by the calcium carbide : CaCg+Hg-- CaC 2 H 2 . 

The electric furnaces are usually classed as arc-furnaces and resistance furnaces. 
(1) The arc-furnaces may have (i) a direct heating arc (a) in series between the 
electrodes and the metal, as in P. L. T Heroult's furnace just described. Other 
examples are the furnaces of W. E. Moore, J0 U. H. von Baur, u Y. Stobie, 12 

E. F. Russ, 13 and (\ A. Keller. 14 Or (ft) one or more electrodes may be imbedded 
in the hearth of the furnace so that the current arcs across from one set of 
electrodes to the steel, and thence out through the furnace bottom, as in the 
furnaces of P. Girod, 15 0. A. Keller, 16 F. T. Snyder, 17 The Electro Metals ( V, 18 
H. Nathusius, 10 and J. Harden. 20 W. K. Booth, 21 and J. L. Dixon 22 discussed the 
Greaves-Etchells furnace, which, according to C. E. Moore, is going out of use m 
the United States. The arc-furnaces may have (ii) an independent arc, as in the 
furnace of E. Stassano, 23 and 1. liennerfelt , 24 According to (\ E. Moore, these 
two furnaces are not now used in the United States. There are (2) the resistance 
furnaces , which operate (i) by induction, 25 as in the furnaces of Z. de Ferranti, 26 

F. A. Kjellin, O. Frick, 27 W. Rodenhauscr, 28 A. liiorth, 20 and E. F. Northrup. 30 
The induction furnace proposed by C Hering, 31 based on the so-called Pinch eftcct, 
has not been commercially successful, (n ) Resistance furnaces of the type proposed 
by G. Gin & 2 have not proved satisfactory for steel refining. 
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§ 7. The Annealing, Hardening, and Tempering of Steel 

Theories of heat treatment are really theories of iho effect of time on the changes 
represented in terms of temperature and composition by the iron-carbon equilibrium 
diagram. — J. M. Robertson. 

In the mechanical working of steel ingots by rolling and forging, if the work is 
performed above the A a -arrest it is called hot-working. The hot-working oi steel, 
said A. Sauvcur, 1 (i) closes blow-holes and promotes soundness ; (it) il at first 
increases the density by closing the blow-holes, and then decreases it; (m) it 
destroys the pre-existing coarse crystallization, and produces a grain which when 
other things are qqual is smaller the nearer the finishing temp is to the critical range 
— hence the operation is known as the mechanical refinement of steel ; (iv) it calces 
a deformation of the dendritic segregation, which results in a banded structure 
and directional properties ; and (v) it at first increases tensile strength and ductility, 
both longitudinally and transversely, but on further refinement, while it may 
continue to increase the elongation and reduction of area longitudinally, it produces 
a decided decrease in those properties transversely. It also increases resistance 
to shock longitudinally, but decreases it transversely. These results are the more 
marked the more impure the steel or the more intense is its dendritic segregation 
vide infra , heterogeneous alloys. 

When the mechanical work — e.g. cold-drawings, rolling, or twisting -causing a 
permanent change of shape is performed below the A 1 -arrest, the process is called 
cold-working. According to R. Job, A. Sauveur, and S. S. Martin, if the work is 
sufficiently vigorous to affect all parts of the mass, no crystallization takes place 
while the Htcel is being worked ; and H. M. Howe found that hot-work lias no direct 
action on the structure of the steel, but, as it retards crystallization unlil a lower 
temp, is reached, it may influence the structure in this way. According to 

A. Sauveur, the cold-working of steel (i) causes a permanent deformation of the 
components — ferrite, cementite, and pearlite — resulting in an increase in the 
hardness, tensile strength, and elastic limit, and a decrease in ductility ; (li) decreases 
tho density, magnetic permeability, and remanence, and increases the coercive 
force ; (lii) slightly increases the electrical resistance ; and (iv) decreases the 
resistance to corrosion and to the action of acids. Cold- work distorts the grain, 
or flattens and elongates the crystals in the direction of rolling ; and the lower the 
temp, the more pronounced the effects of cold-work. 8. Sekito found the internal 
stresses in quenched steel due to the expansion of the lattice to be of the same 
order of magnitude as the tensile strength^-vide supra , sp. gr. 

P. Bardenhauer, t\ F. Brush, G. K. Burgess and G. W. Quick, G. K. Burgess and 
R. W. Woodward, P. Chevenard, E. G. Coker, E. Crepaz, G. Uelanghe, F. C. EdwarciH, 
J. H. Edwards and co-workers, H. Favro, E. W. Fell, C. F. Flolliott, A. Fry, R. L. Ueruso, 
11. Giersbevg, A. F. Golovin, G. W. Green, O. V. Greene, T. W. Greene, J. N. Greenwood, 
W. H. Hatfield, P. Reymans, E. Heyn, It. D. Hibbard, K. Honda and co-workers, 

B. Hopkinson, ,7. E. Howard, H. M. Howe and E. C. Goesbeok, S. L. Hoyt, J. C\ W. Humfrey, 
T. M. Jasper, Z. Jeffries and R. S. Archer, J. 1). Jevons, R. S. Johnston, J. A. Jones, 
W. Kerr, A. L. Kimball, F. KOrber and E. Siebel, H. K. Landis, T. Leitner, P. Ludwik, 
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R MaiUnder, H Malzacher, P Marcotte, G Masing, E Mauror, E Murat a, A Nadei and 
co workers, A Ono B Osaxin, A J 8 Pippard and C V Miller, H J'oellein, b 1* Tolushkin, 
A Pomp and H Poellem, A M Portevm, H 8 Hawdon, P Keurnauld B i Kolfo, 
W Rot* nh am, P A Russell, G Sadis H Scott, J Seiple S bekito, L SwbtJ and 
A Pomp, J M Snodgrass and 1 H Gulduei J B SoinmeiviJln V Stuhlcin, A H Stung 
andT W Gieene, B Stiaiwa and A Tiv, W Tatel, 1 1 akuba and k Okurla A It Thomas, 
C A Trask, T H TurneiandJ U Jevoiis A W Whitney, H \ AVille \ V\ ingbnin and 
lv Yuaea studied the mtomal strews in steel and non 

T Baker and T F Russell discussed the potential energy of cold worked steel, 
and they assumed that the work done on thr test piece is jP dt where P denotes 
the applied load, and e the txtension and that the whole of that work is ton- 
veiled into heat excepting the quantity Jo(J | i) hie wher^ a denotes the load 
at the elastic limit, (l+c) 1 denotes the ana and 1 tin load Tlu 

subject was also discussed by G M Brown T F Russill woiked on the 

assumption that the increase m potential energy is accompanied by a change of 
phase- oy stalluu tc^amorphous or vitreous (q v ) ( Barns calculated the energy 

jiolent uili/ed m strain* d st< el If r h and r h denote the radii of wires btfon and after 
straining P the stretihmg forte and 8 l/l the longitudin il txtension then the 
work done pel centimetre of length is E—pbljl If a denotes the obseivtd mere 
meat of temp , thin Eq/E will denote the part of the applied energy which is cor. 
verted into heat, and the remnu tier (E Eg) IE lopresents the i nergv potentialized 
in virtue of the strain For iron, 2 r h 0 1362 , 2r A — 0 1110 P 50 000, 
bljl 0 0975 PbVl 4 37 0 3 9°, and Eg E 0 48, so that 52 per cent of the 

applied energy remains as potential energ) V Barus was unable to detect any 
influence of mechanical stiain on the state of the combined carbon in steel, but he 
did find that the idle of dissolution of steel win & hardened by drawing jh gu ate r than 
with the sofl mttal and Itohn obtained a similar result H Hoit estimated 
tliat the potential cn< rgy is of the order of 5 to 15 per cent of the total work done 
on the test piece W h larrcn and G 1 laylni meaHUied the energy stored in a 
metal during cold woi king in terms of the difTeume between the beat evolved 
dunng deformation and the total work of deformation and obtained 0 144 cal 
pc r gram of metal with a J 1 per cent lidurtion , T F Russell obtained 2 27 cals 
per gram W Spnng made some estimates based on the difttiente uf clcctiolytic 
potential of annealed and cold woiked metals The subject was discussed by 
V If Desch V N hnvobok $ Sato, and T Andiews vid( infia electromotive 
force and tempering 

According to C Baius, the density of white cast iron is of the order 7 0 and that 
of giev cast iron is b 9 , consequently , the dc nsity me reases m a maikt d de gu e the 
greater the proportion of combined carbon in the metal A\ith steel the density 
decreases as the tot al carbon is more and moie nearly combined and the allotropn 
expansion produced by quenching steel is about 0 005 I 1) Everett found the 
vol resilience of steel amounts to 2xl0 12 , so that if p be tht valut of the stress pei 
sq cm for the given expansion, p- JOxlO 9 dynes for steel The tenacity of steel 
is 8xl0 9 dynes per sq cm so that the approximate ratio of stress to tenacity is 
about 1 .3 for steel, wmilaily, for glass the ratio is 3 3 In both cases stress is in 
excess In the cshc of Rujiert s drops it is probable that rupture would occur on 
quenching were it not foi the favourable symmetrical structure of the globule 
J M Batclicldcr observed that of twelve massive pieces of quenched steel eight 
subsequently cracked, and one actually exploded vult infra , sp gr 

Accordmg to H Wedding, the individual gruins of malleable iron are ductile, 
and the malleability of the mass depends on the ductility of the separate giains 
When press is exerted on a single grain in the direction of one axis, as occurs, for 
example, when a piece of iron is hammered on an anvil, a scale is formed from the 
polyhedral gram If, however, the press acts in the direction of two axes, either 
at the same time, as in the case of rolling with a diagonal groove, oi at diflercnt times, 
ks in the case of hammering an ingot or rolling a bar, burning it luund 90° after 
every passage through the rolls, the grain is converted into a column which is termed 
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a fibre. Sections cut parallel to/ the fibres when examined under the microscope 
show a fibrous structure in which the separate fibres can be cleaily followed, while 
sections cut at right angles to the fibres show a granular structure. A fibre 
cannot extend to any possible length without breaking up under the right con- 
ditions into granules. If the carbon attains or exceeds O-fi per cent., the fibres 
split into grains with even a slight stretching. The same effect is produced with 
a low percentage of carbon by a small proportion of phosphorus, a large amount of 
silicon, or a moderate amount of sulphur. 

Steels rich in carbon, and fine-grained iron usually form no fibres, but where 
steel ingots, after solidification, are made up of closely interlocking dendrites 
(Fig 41), the dendritic segregation persists even when the dendrites have undergone 
granulation on cooling. When such steels are forged or rolled, the portions rich 
in the segregating elements or the fillings of the dendrites* -wife .su/>ra — ns well as 
those poor in those elements — the axes- are elongated in the direction of the work. 
Hot- worked steel thus acquires a laminated appearance (Figs. 42, 43, and 44), for 
it seems to be composed of parallel bands. Figs. 41 to 41 arc due to U. Churpv 



Figs. 41 to 44. — The Dendritic Structure of a Steel Ingot Before and After Cold- 

Working. 


Fig. 11 shows the dendritic structure of a steel ingot ; Fig. 42, the same after being 
reduced to one-fifth of its original cross-section by hot-working ; Fig. 43, the same 
after being reduced to one -thirtieth ; and Fig. 44, after being reduced to a hundred- 
and- fiftieth of its original cross-section. According to K. Nagasawa, the fibrous 
structure in forged or rolled steels is a deformed structure of dendrite, in which the 
segregation of impurities is present. Phosphorus is the impurity which chiefly 
causes the fibrous structure. The fibrous structure is not completely removed by 
an annealing below 1300°. The mechanical properties of forged or rolled steels 
are superior in the direction of the fibres to what they are in the direction perpen- 
dicular to them, and this directional difference is hardly reduced by a subsequent 
heating below 1300°. The direction of the fibres has an intimate relation to the 
lines of quenching cracks in steel. 

M. Ettisch and co-workers observed that the crystallites in soft wires are 
arranged irregularly, but in hard wires they are regularly arranged to give a fibrous 
structure. E. H. Schulz and J. Goebel, and J. D. Gat studied the fibrous fracture 
of steel ; C, 0. Bannister, S. G. Smith, A. N. Farfourinc, W. Rosenhain and 
D. Hanson, F. Jansen, M. Hamasumi, K. Hubers, H. Pinal, A. Wagner, 
G. M. Enos, and F. Rogers, the fractures of iron and steel ; and J. DesColas and 
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E. Pr^tet, A. le Thomas, I. Iitaka, K. Nagasawa, W. Claus and R. Hcnsel, 
P, Oberhoffer and A. Hcgor, and M. Moreillon, the effect of mechanical treatment 
on the texture of iron and steel. G. Taimnann and A. Heinzel, H. G. Keshian, 
B. Buffet and H. Thyssen, II. H. Meyer, A. Pomp and W. E. Schmid, A. Pomp 
and H. Poellein, P. Oberhoffer, W. F. Durfce, and F. Wever and E. Sclimid studied 
the alterations in the orientation of the crystals produced by rolling ; E. F. Cone, 
G. Tammann and co-workers, T. M. Service, A. Campion, T. Matusclika, 
A. M. Portevin, F. C. Nix and E. Schmid, E. Schmid, F. Leitner, M. (3. Yatsc- 
vitch, the structure acquired by casting ; E. Pitois, II. "Wedding, and E. Sclimid 
the texture of cold-worked metals ; and N. P. Goss, the X -radiograms of plastic 
deformation, when it was found that in the early stages of grain fragmentation there 
was no orientation of the crystal debris until the grains are all broken into particles 
of submicroscopic dimensions. 

In the heat treatment’ - W armebchandlu WJ — of iron and steel the attempt is 
made to impart certain desired physical properties to the inetal through the agency 
of heat, chiefly by regulating the s])eed of cooling the metal in the austenitic 
condition ,mj that it is converted into martensite, troostite, sorbite, or pcarlite, 
or into aggregates of these constituents. The various forms in which the heat 
treatment is applied include annealing, normalizing, hardening, and tempering. 
In view of the predominant constituent present when particular qualities are 
desired, hardening can also be called martens it izinff ; softening as pearlitizing ; 
and strengthening as t roost ihzing or sorbriizimj. The structural changes due to cold- 
work can be altered by heat treatment up to or over the A ^arrest. The process 
of annealing- -(ituhen is often applied to counteract the hardening produced by 
cold-work, so as to make the metal soft ami ductile by the release of internal strains 
and deformation produced by cold-work, the release of strains through the formation 
of peailitc, and grain refinement. In annealing, the metal is heated past its critical 
range so that on subsequent shw cooling it may be pearlitic and fine-grained. If 
the metal is heated below the critical range, no structural 
change occurs, except in the case of col A- worked hypo- 
eutectic steel, where distorted ferrite may assume its 
normal crystalline form. If the steel he heated to too high 
a temp., the structure of the metal may bo coarsened- - s 0 j 
vtdc supra. The annealing temp, varies with the carbon 
content, since the position of the critical range, or rather 7od 
its width, varies in the same way. The Heat Treatment 
Committee of the American Society for Testing Materials 
recommended 875° to 925° for steels with less than 0-12 




per cent, carbon; 810' to 870 1 for steels with 0-12 to 45, it* 

0-29 per cent, carbon ; 81 W to 840° for steels with 0-30 TreaVinen^Zofie! ^ 
to 0-49 per cent, carbon ; and 790 1 to 815 u for steels with 

0-50 to 1-00 per cent, carbon. The results are summarized in Fig. 45. The object 
to he anneale^must be kepi in a^given zone of temp, long enough to enable it to 
acquire that temp, in all its parts. Hypoeutcetoidal steels suffer no change until 
the Ac r arrest is reached, when pcarlite becomes austenite, and as the temp, rises 
the free ferrite is gradually absorbed and the iron is changed to y iron ; beyond 
the Ac 3 -arrest the absorption of y-iron is complete, and a homogeneous solid soln. 
of carbon or iron carbide in y-iron is produced- -to wit, austenite. 


M. Brds, D. Ewon, 1*. Galy-Aehe, P. Galy-Aoh6 and M. Cliarbonnior, P. Goerens, 
L. Guillot, M. H an riot, A. M. Portevin, F. Kobin, A. Sauveur, A. Stadeler, H. 1\ Tiomann, 
J. F. Tinsley discussed the influence of annealing on the microstructure, and the per- 
sistency of the internal crystalline structure of Hloel which has boon strained by local 
deformation. The annealing of steels was discussed by A.'T. Adam, H. Brearloy, 
A. Campion, 11. Fay and S. Badlain, P. Goorens, N. P. (Josh, R. Holiugc and H. Rollett, 
H. M. Howe and A. (J. Levy, R. Huguon, E. Marke, J. Muir, R. Schiifor, O. Sirovich, 
O. G. Styrie, C. D. Young and co -workers, and E. Zingg and co-workers, etc.; and the 
annealing of malleable and cast iron, by H. Bornstein, W. Campbell, R. Garrick, P. Cheve- 
VOL. XII. 2 X 
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nard and A. M. Portevin, F. B. Coyle, J. V. Emmons, E. Houdremonfc and co-workers, 
H. M. Howe and co-workers, O. F. Hudson, E. L. Leasman, E. E. Marbaker, J. E. Stead 
and A. W. KichardB, and O. W. Storey. 

According to Z. Jeffries, an austenitic steel with a coarse grain structure at 
atm. temp, and heated through the transformation temp, will have a larger 
austenitic grain than one with a smaller grain size. If the cooling is slow enough, 
these changes are reversed and the free ferrite may form distinct grains ; if the 
cooling id faster, the rejection of ferrite may be complete, but the time may be too 
short for the ferrite to collect in grains ; while if the cooling is still faster, only 
part of the liberated ferrite can be recognized ; while with a still faster cooling, 
only part of the rejected ferrite collects at the grain boundaries, and part remains 
as a kind of emulsion in the pearlite. Eutcctoidal steels have only one critical 
temp,, the A 8 , 2 ,i-arre8t. Above that temp, austenite is formed, and l>elow that 
temp, pearlite. Very slow cooling furnishes laminated pearlite, or the cementite 
may be more or less balled-op to furnish the structure known as divorced pearlite ; 
with faster cooling the pearlite laminations may be curly, or so fine as to be 
scarcely recognizable— the so-called granular pearlite — und with still faster cooling, 
the system seems emulsified, for no laminated structure or ferrite can be detected 
microscopically. This is the sorbite structure- or hardenite. The subject was 
discussed by J. 0. Arnold. With hypereutcctoidal steels- say, one with 1*20 per 
cent, carbon or 94-6 per cent, of pearlite and 5*4 per cent, excess cementite- cooling 
through the A 3 , 2 ,i-arreHt gives laminated, granular, or divorced pearlite according 
to the rate of cooling ; the cxccsh cementite is scarcely affected, since it was 
deposited above the zone of temp, now under discussion- ride supra. Conse- 
quently, the cooling should be slow if maximum softening and ductility are desired, 
since the steel then becomes pearlitic ; but if greater hardness, strength, and 
elasticity are desired, at the expense of some ductility, the cooling should be 
faster. As a rule, the lower the carbon content of the metal the more rapidly it 
may be cooled from the annealing temp, without seriously interfering with the 
ductility of the metal. II. C. Jones compared the effects of annealing in an atm. 
of nitrogen, or hydrocarbons, or in air. 

The cooling of steel — Normalgliihrn — from the annealing temp, in air with the 
object of obtaining a uniform structure is usually called normalizing the steel. 
In normalizing, the steel is heated uniformly to a temp, exceeding its upper 
critical point, the Acg-arrest, by about 50°, and then cooled in air only; but 
hypereutectoidal steels are heated high enough to break up and dissolve the 
brittle network and needles of cementite, and cooled fast enough to keep the 
excess cementite in soln. at atm. temp. The most favourable condition for 
producing uniformity in structure is to keep the solid metal at high temp, for 
a long enough time. In practice, however, such a treatment may modify the 
grain-size or crystalline structure so as to affect deleteriously the physical 
properties, and the steel may become one of the states previously described as 
over-heated or burnt. In any case, a considerable grain-growth maf occur during 
the normalizing process, and the treatment also tends to equalize the grain-size. 
Hence, in order to produce a more or less homogeneous, soft, and ductile steel 
containing a minimum of hard and brittle cementite the normalizing must be 
followed by annealing just above the Acg^i -arrest, in order to produce a smaller 
grain-size and change hard sorbite or troostic sorbite into soft and more ductile 
pearlite. The annealing may be conducted very near to the A^^-arrest with the 
object of spheroidizing the steel, whereby the cementite is converted into rounded 
particles or spheroids instead of lamellffi as in ordinary annealing — vide supra. 
Spheroidizing usually follows the normalizing process. It increases the machining 
qualities and the toughness of steel, and makes it more amenable to hardening 
processes. The subject wa s discussed by W. Parker, E. Houdremont and 
H. Muller, S. Epstein and H. 8. Rawdon, F. G. Sefing, C. H. Herty and co-workers, 
0. E. Harder and co-workers, R. Whitfield, B. M. Larsen and A. W. Sykes, , 
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J D Gat, A M Portevm and P Chevenard, 0 Sirovich, A Pomp, and 
W E Woodward 

Ac roidmg to E W Ehn,* a coarse grained structure in the case or core of carburized steel 
with large crystals of pearlite, and clean tut cemontite at gram boundaries in network in 
the hypereutectoidal zone are signs of good or normal steel ; while curly icmentite, dia 
integrated poarhte in hypereutectoidal zone, and fine grained structure with rounded pearlite 
areas in the gradation zone and core of < arbunzed steel are signs of an abnormal steel 
In case liardening, an abnormal steel has a tendency to give a thm case of high carbon 
content and to form soft troostitic spots on haidenmg The observ ations of H W McQuaid 
and E W Ehn, and of E W Ehn show that the abnormal structure is due to the presence 
in the steel of an excebs of oxides, probably in the colloidal state The partulos of oxide 
act as centres of crystallization in the solidification of the steel In normal steel com 
parativoly few well developed crystals are formed, while in an abnormal Bteel a large nuinbei 
of crystals inteifero with the growth and development of one another The original 
struct me of solidification persists through the different stages of conversion and heat 
tieatment J fence, grain sizo with angular or triangular outlines of the pearhto is largei 
in normal stei I than is the chs© with the more rounded areas of pc arlile in abnormal steels 
i ho particles ol oxide ictain their mutual position in the steel, and later on ai range the 
crystals in /utoid with this outline duiing the secondary c r> stalli/ation ot 1 lie steel 
Observ hIioiih wen mailt bs J I) Oat, and S Epstein and II b Raw don Uioiding to 
O I 1 fiardei and co worheis, the lattne dimensions of abnoimal steel art greutci than 
those of normal stctls, indicating the presence of foreign matenal, prolmhh oxide, in solid 
soin in the feint© — otherwise expressed, the oxygen goes mto tho Hpace lattice ot tlio iron, 
and there exercises some bonding valtmies with tho adjacent iron atoms Heating 
abnormal steel at tlio cai burning temp in vac uo had no effect on tho normality heating 
normal stei 1 in lutiogen at about 940° did not change its carburizing qualities presumably 
because nitndcs are not formed at this temp heating normal steel in oxygen at about 
910° produced an abnoimal steel- presumably owing to tho formation and dissolution of 
oxides in tho steel , and heating normal steel m c arbon dioxide at al>out 940 produced 
abnoimal steel — presumably owing to the oxidizing action ot the gas When normal steel 
is hosted in c ontact with various oxides At the carburizing temp , abnormal steels art 
produced by the dissolution of oxides The depth of penetiation of the c xidcs is pro 
imrlional to tho time of heating Of the various oxides tried — I e s () 4 , he 2 O a Al a U, and 
slag fcinc oxide penetrates the most rapidly and produces the most abnormal steel ioi a 
given time ot heating The rate of penetration of the oxide or oxygen, ob determined by 
tho formation of an abnormal carburizing zone is oxc eeclmgly slow os c ompared with caihon 
penetration The carbon ib able to penetrate through a surface of abnoimal steel and then 
produce a normal hj poreutectoid zone The more iapid penetration of the carbon as 
c mnpared with that ot the ox\ gen, is probably attributable mostly to the relative affinities 
of oxygen and carbon for iron-* or to Btate the same relation in another way, the relative 
stabilities of iron carbide and iron oxide compounds In addition, tho caibon atom is 
smaller than tlio oxygen atom and should for that reason diffuse more rapidly Melting 
abnormal steol in vacuo in alundum or magnesite crucibles decreased the abnormality, and a 
normal steel under suiulai c onditions became more or less abnormal Melting normal bteel 
in an alundum crucible in nitrogen or caibon monoxide produced nioie or less abnormality 

It is often said that civilization, directly or mdncctly, owes to the hardening 
properties of steel very many advances whi( h have been made The hardening— 
Horten of steel is effect cd by heat mg the metal above its critical temp , say to 
bright redness, and tooling relatively quickly, say by Quenching — Abschrecken - 
it m a rel itively cold liquid or in air This fact has been known and utilized for 
ages H (' H Carpenter and J M Robertson 3 observed that samples of ancient 
implements dating from about 1200 B o showed that the Egyptians were acquainted 
with the hardening, carburizing, and heat treatment of iron , and N T JBelaiew 
considered that the evidence showed that the Egyptians learned the art after the 
battle of Kadcsh, when they came into contact with the Hittites and other peoples 
of Asia , and that the art probably originated in Asia Mmor, possibly Anatolia— vide 
sup) a, the history of iaon According to F M Feldhaus, Ht J V Day, P Jordan, 
O Vogel, Jj Beck, and B Neumann, the Greeks knew at an early date that iron 
could be hardened by quenching the hot metal in water or in oil Thus Homer, 
in his Odyssey (B. 93), related that when Ulysses plunged a stake into Cyclop’s eye, 
the tumult was like that produced 

When the armourer tempers m the ford 

Tho keen edged pole-axe, or the shining sword, 

The red hot metal hisses m the lake 
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It is said that the Chinese Shoo King, 2500 n.c., mentioned hardened iron. In 
Sophocles’ Ajax (720) there is a comparison of being hardened like immersed iron ; 
Lucretius, in his De rerum natura ( 6 . 148), may possibly have had in mind the 
hardening of steel by quenching. M. Lister discussed the passages hearing on 
this subject in Aristotle’s MeTewpoXoyiKa ( 4 . 6), and in Pliny’s Ilistoria naturalis 
( 84 . 14). According to H. Hanemann, a met allographs examination of some 
Celtic implements from Steinsburg, Thuringia, showed that the art of hardening 
steel was practised in Thuringia before the Germans settled there ; B. Neumann 
likewise examined some sjieciinens, dating from the beginning of this era, and 
inferred that the carburization of iron was known in 200 a.d., but the specimens 
gave no evidence of quenching. In 1689, (\ Sulinasius described the process used 
for hardening iron in Iudia. In the first century of our era, Pliny, in his llistoria 
naturalis ( 84 . 14 ; 89 . 41), said that : 

There is a very great difference when glowing iron is immersed in water. . . , It is used 
to quench thin pieces of iron in oil, for water would make them so hard as to Ik* brittle. . . . 
The main difference in the steel prepared in different pluces results from the quality of the 
water into which the rod-hot metal is plunged. The water is m some places /*.</. Bilhihs 
(Rambola near I'alatayud), Tariosso (Tarragona), and (Yunuin in Italy better for this 
purpose than in others, and consequently some localities have lieeoine quite celebrated for 
the excellence of their steel t»\on though no iron mines occur in these localities. 

In consequence, attention was focused on the liquid employed for quenching ; 
it was lielicvcd that something passed from the liquid into the steel ; and some 
curious solutions and fantastic nostrums were recommended for this purpose 
during the period extending up to the sixteenth century, and even up to the 
present day. In the Middle Ages Justin, in his Iiixtorur Phihppiar ( 44 . 4), inferred 
to the subject ; and the hardening of steel was discussed by J. J. Becker, J. le Begun, 
M. Eraclius, J. K. Glauber, K. A. F. dc Reaumur, J. J. Wecker, etc. Even ns late 
as 1810, in an anonymous book of trade secrets, it is said that steel will be hardened 
if quenched in an infusion of the roots of blue lilies or in urine ; and it will become 
as soft as lead if quenched in a decoction of common beans. The subject was 
discussed by B. Neumann, E. Gratcau, etc. M. von Eulenspiegel found the 
remains of the workshop of an ancient armourer amongst the ruins of ancient 
Tyre. The “ find ” included a parchment describing in Syriac characters the 
hardening of Damascus sword blades. Ho thus translates : 

Jjot the high dignitary furnish an Ethiopian of fair frame, anil let him be bound down, 
shoulders upward, ujion the block of the God Bal-hul, his arms fastened underneath with 
thongN ; a strap of goatskin over his back, and wound twice round the block ; lus feet close 
together laslied to a dow-ol of wood, and his head and neck projecting over und beyond the 
ond of the block. . . . Then let the master workman, having (‘old- hammered the hlude to 
a smooth and thin edge, thrust it into the fire of the cedarwood charcoal, in and out, the 
while reciting the prayer to the God Hal-hal, until the steel be of t he colour of the ml of the 
rising sun when lie comes up over the desert toward the EoHt, and then with a quick motion 
pass the same from the heel thereof to the point, six times through tiie most fleshy portion 
of the slave’s back and thighs, when it shall have become the colour of the purple of the 
king. Then, if with one swing and one stroke of the right arm of the master workman it 
sevorq the head of the slave from his bodj', and display not nick nor crack along the edge, 
and the blade may be Ixmt round atmut t he body of a man and break not, it shall tie accepted 
as a perfect weapon, sacred to the service of the God Bal-hal, and tho owner thorcof may 
thrust it into a scabbard of asses' skin, brazen with brass, and hung to a girdle of earners 
wool dyed in royal purple. 

R. Theophilus towards the end of the eleventh century said that in order to 
harden tools for cutting glass and stone a lie-goat, three yc^rN old, should be made 
to starve for three days, and then nourished with fern for two days, during which 
time the urine should be collected and used for hardening tools. He also said 
that the urine from a red-haired boy exerts u stronger action than does ordinary 
water. Jn the sixteenth century II. C-artlanus said : 

Steel is noblor than iron ; the best is that with small white cores. ... If it is well 
cleaned, and then, while red-hot, quenched three or four tunes in a mixture of radish juice 
and water from earthworms, it will cut iron as if it were lead. 
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J. Ferguson pointed out that a sixteenth -century anonymous book on trade secrets 
advocated that the right use 1 of alchemy is to apply chemical knowledge to industry, 
and the following quaint recipes were given for hardening Btcel : 

Take Musics and flint dinvvn *uter ol a icd die oi which Hater being taken in tlio two 
first months of liui\eht ulion it rayneh., boil it with the snoylen, then linate your iron red hot, 
and quench it therein, and it shrill lie liard as Bteele . . Ye may do the like with the blood 
of a man oi XXX years of age and of a nanquine complexion, being of a merry nature and 
pleasant, distilled in tlio lniddst of May. 

The old workers, after all, may not have been bo very far from tbe truth in 
assuming that special virtues resided in the liquid employed for quenching, since 
J A Bnncll found the hardness of a steel with 0 45 per cent. (J ; 0*27, Si ; 0-45, 
Mn , 0-0J8, S , and 0*028, P, which before hardening had a Brineirs hardness of 
202 after quenching from 780°, had a Brinell's hardness of 217 using boiling water 
as the quenching liquid ; 228, using bitter milk at 20° to 25° ; 285, using wood- 
tai at 80 l , 241, using lead at 860 , 248, using petroleum at 20° to 25°; 255, 
using tallow at 80 u ; 203, using skimmed milk at 20° to 25° ; 302, using sweet 
milk at 20° to 25 r ; 402, using sulphuric acid, sp. gr. 1*837, at 20° to 25° ; 555, 
using wliey at 20° to 25 600, using soapy water (1 : 10) at 20’ to 25°; 627, 
using a nut* soln of sodium chloride at 20° to 25° ; and 652, using soda-water at 
20 f to 25 K Honda and K. Iwase stated that the fact observed by J. A. Mathews 
that, in the case of alloy steels, more austenite is produced by oil-quenching than 
by water quenching is valid only for thick plates or rods in which the internal 
stress caused by rapid cooling is fairly large and can be explained as an effect of 
stress- viih martensite 

When steel is hardened, it is first heated above the A^arreHt, Fig. 46, and then 
more or less abruptly cooled. \ ery little, if any, increase in hardnesB occurs if the 
Nloel be heated to a temp. 1 >wer than the critical range. This means that before 
quenching the metal must be in the condition of a solid soln of iron and carbon 
or iron caibide, because the aggregate of ferrite and cement it e formed on slow 
cooling through llie critical range cannot be hardened by quenching If the 
temp be too high, the Hlruclure is coarsened without materially increasing its 
hardening power ; and quenching from too high a temp, inci eases the risk of 
wniping and clacking the objects in the quenching. To pioduce the maximum 
hardness combined with the finest possible texture the metal should lie heated 
just beyond the cutieal range, and cooled as soon as it emerges from the critical 
range of temp Abrupt cooling or quenching arrests the change of martensite 
into Boft jieailite , so that quenching more or less fixes the constitution the steel 
possessed just before quenching Quenching arrests the transformation of austenile 
into peailitc at the martensite stage. H (\ Boynton found the hardness of the 
different stages in the transformation to be as follows (ferrite unity) : 

AuHteiiite->MartoiiBito->TrooRUte->Sorbite->Poarhti) 

104 0 239 0 88 0 62 0 4 3 

Rapid cooling hardens steel, provided the operation starts above the transforma- 
tion range, but not if it starts below that range, If tbe cooling starts within the 
transformation range, the metal is hardened to an intermediate degree, dependent 
on the state of the metal In any case, the proportion of martensite which escapes 
transformation into pearlite determines the hardness. The hardness of martensite 
increases with the carbon content. Other things being equal, J. O. Arnold showed 
that it docs not matter much at what temp the cooling begins, provided it is 
above the critical range, 720°. The heating of the steel should be slow enough to 
permit it gradually and evenly to acquire a uniform temp. 0. Benedicks, and 
J. A. Mathews found that a higher initial temp, produces a quicker rate of cooling 
than a lower temp., so that large pieces, in general, are heated to a higher temp, 
than smaller pieces. A. M. Portevin emphasized the fact that the dissolution of 
cementitc in the hardening process requires time, and that the objects should be 
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heated at the hardening temp, until all is transformed into austenite. The zone 
or range of the critical temp, varies with different steels ; medium and low carbon 
steels require a higher quenching temp, than high carbon steels, because in order 
to acquire dull hardening power they must be heated past their Ac 8 - or Ac 8 , 2 - 
arrests as the case may be. The increase in hardness produced by quenching is 
greatest with cutectoidal steel ; actually, quenched hypercutectoidal steels are 
harder than quenched eutcctoidal steels because of the presence in the former of 
free cementite or carburized martensite. The general behaviour of steel during 
cooling and quenching was studied by G. V. Luerssen, W. F. Chubb, H. J. French, 
F. Wevcr, and A. M. Portcvin. 11. le Chatelier thus summarized the effects of 
cooling on 0-8 per cent, carbon steel initially in the austenite stage : 


Aito of cooling 
Slow 
Medium 
Rapid . 
Very rapid 


Transformation Final State 

Austenite— >poarlite Poorbte 

Austonite->marteiisite->pearlite Troostite 

Austenite— > martensite Martensite 

N one A us Lenite 


}oo ° 

Fia. 46.— The Effect of the Speed of Cooling 
on the Arj-Critical Point, and the Micro- 
structure. 


F. Osmond, L. Demozay, P. Chcvenard, P. Dejean, J. E. Hurst, H. le Chatelier, 
A. Lundgrcn, 13. Strauss, and A. M. Portcvin and M. Garvin have also shown that 
increasing the speed of cooling from above the critical range lowers the Ar] -arrest ; 
this lowering is at first gradual, but becomes quite sudden for a certain cooling 
, . velocity- - the critical speed of quench- 

°° mgi or critical rate of cooling. The 

a, observations are summarized diagram- 

matically in Fig. 46. With a sufficiently 
slow rate of cooling the Ar x -transforma- 
^i° n °ccurs at about 700°, and austenite 
w is transformed into pearlite ; by increas- 
es mg the rate of cooling the transforma- 

^ ^ 0n tem P- 18 l° were d and the steel 
f becomes sorbitic; as the rate of cooling 
f ^ increases the transformation temp, is 

MO * depressed to about 650°, and troostite 
.pe o c mg appears ; and at a slightly greater speed 

hro. 40.— The Effect of i tlio Speed of Cooling 0 f C00 Ii n pr a second arrest abruptly 
on the Ar,-! ntical Point, and the Micro- ” , , r i 

structure. appears at a much lower temp., and 

martensite appears ; while with a still 
faster rate of cooling the upper Ar r arrest disappears, and the lower Ar/'-arrest alone 
appears When austenite is transformed at about 300°, martensite is formed. The 
appearance of the Ar/'-arrcst occurs at the so-called critical speed of quenching. 
If the transformation could be delayed by rapid enough cooling to ordinary temp., 
the steel would remain austenitic. This has been realized with manganese and nickel 
steels. A. M. Portcvin found that when the cooling is fast enough to cause the trans- 
formation to occur at 300°, the hardening is only superficial — about 5 to 6 mms. 
thick ; and generally the greater the speed of cooling required to attain the 
critical speed, the more superficial the hardening. The intensity of the Ar^-arrest 
decreases as the temp, falls from to T 2 , and at the same time the intensity of 
the Arj "-arrest increases as the temp, is lowered from to At the A ii'- 
arrest troostite seems to form around the comers of the austenite grains, and the 
central portions of the grains pass into martensite at the Ar 1 ,; -arrest. K. Honda 
found, that the doubling of the arrest can be studied better with nickel steels — ‘ 
vide infra , manganese steels, Fig. 46 ; vide supra , the doubling of the A ^-arrest . 
£. Honda and T. Murakami called the Ar/- and the Ar/'-arrests a stepped Ar x - 
tramformaiion — vide supra, H. Scott inferred that the Ar'-arrest involves the 
transformations Ar 3 , 2 ,i, and the Ar' '-arrest the transformations Ar 8 , 2 . The 
transformation Ar 2 is suppressed when Ar" is observed, and it appears on a heating 
curve as an evolution of heat, and it is accompanied by the formation of troostite 
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or a coarser condition of carbide. The maximum of the transformation Ar Jl2 .3 
occurs at a higher temp, when the previous cooling gives Ar' rather than when 
it gives Ar". The subject was discussed by T. Murakami, T. Matsushita, 
T. Sutoki, P. Longmuir, H. do Nolly and co-workers, S. V, Biel zn sky, H. Scott, 
etc. 

H. Caron, and fi. llitzcl discussed the quenching of steel in hot water. 
Observations on the effect of the rate of cooling, and on the cooling power of 
different liquids for quenching were made bv .1. A. Brinell, S. llaedicke, E. Jaro- 
limek, L. Demozay, N. B. Pilling and T. D. Lynch, 0. W. Pressell,'P. Chevenard, 

H. V. Wille, 0. D. Young, W. J. Merlon, V. E. Hillman, J. Hubert, H. J. French 
and T. E. TIamill, R. Kiihnel, C. Benedicks, J. Merrier and P. Michoulier, 
II. J. French and co-workeTS, E. Hitzel, D. Hattori, A. McCunce, L. Grenet, 
J. A Mathews and II. J. Rtagg, S. E. Derby, J, Jl. Morey, W. G Lottes 0. Smalley, 
A. M. Portevin, P. J. Haler, A. Mumper, K. M. Sandberg, B. H. de Long and 

F. R. Palmer, F. L. Wright, and K. Honda and K. Tarnaru, J. H. Andrew, L. Roy, 

I. Obmata, H. llaedicke, E. Blass, P. Lojeune, W. J. (’rook and co-workcrs, 
I). Uno, T. E. Harnill, F. B. Doyle, and J. Seigle; and H. le Chatelicr, and 

J. A. Mathews found that (i) the rate of cooling in water remains constant up to 
a temp, of 37 3 ; (li) soln. of brine produce a faster rate of cooling, and retain their 
cooling power unimpaired so long as their temp, remains below 65°; and (iii) 
w'hile oil-baths produce a slower r.ite of cooling, they can be heated to a much 
higher temp, without affecting seriously their cooling power. L. B. G. de Morveau 
mentioned the use of a water spray. R. A. F. de Reaumur used solid tin and solid 
lead as cooling agents ; and also mercury ; T. Gill, E. Lisbonne, and A. Evrafd 
studied the use of lead baths ; and L. A. Levat, phenol. 0. Benedicks, and 
II le Ohatelier found that mercury is inferior to water ; while C. Benedicks found 
methyl alcohol is superior to water as a cooling liquid. H. Scott, andG. Feodoseeff 
tried glycerol C. Benedicks showed that the quenching power of a liquid depends 
largely on the latent heat of vaporization, and not on the initial temp, of the liquid 
or on its heat conductivity. H. le Chatelier also showed that sp. ht. rather than 
heat conductivity governs the speed of cooling. Mercury with a heat conductivity 
over ten times that of water is less effective as a cooling medium. A. M. Portevin 
and M. Garvin said that the rate of cooling is affected by (i) the temp, of the 
sample to be quenched ; (ii) the mass form and dimensions of the sample ; (iii) 
the position of a given point in the interior of the sample ; (iv) the nature of 
the quenching bath, for the effect depends on the sp. ht., thermal conductivity, 
viscosity, and latent heat of vaporization of the medium ; (v) the temp, of the 
bath, which may vary during the process of cooling ; (vi) the agitation of the 
quenching liquid ; (vii) the state of the surface of the sample ; and (viii) the temp, 
of the liquid at the end of the cooling. 

Hardened carbon steel contracts when it is kept for some time, and the process 
is accompanied by an evolution of heat. C. F. Brush and co-workers attributed 
the effects to the gradual relief of the strains produced during quenching — vide 
supra , martensite. The dilation of steel during quenching was studied by 

G. M. Eaton ; the distribution of austenite in steel during quenching, by K. Honda 
and A. Osawa ; C. Benedicks also showed that a certain amount of austenite is 
transformed into martensite at ordinary temp., but the transformation is opposed 
by the press, induced by the higher sp. vol. of the martensite. The separation 
of hard cementite is attended by a decrease in vol., and the transformation of 
y - to d-iron, by an increase in vol. According to C. Benedicks, and Z. Jeffries and 
R. S. Archer, the separation of finely-divided cementite explains the tendency for 
a quenched steel to assume a greater hardness by ageing, even at ordinary temp. 
The subject was studied by C. E. Stromeycr, G. Sachs and W. Stenzel, R, F. Mehl, 
W. Roster, H. Lent and F. Kofler, G. Maaing, L. B. Pfeil, F. Kcirber and A. Dreyer, 
W. P. Wood, W. P. Sykes and Z. Jeffries, J. Galibourg, A. Pomp, F. Nchl, 0. Bauer, 
E. Murnta, F. S. Merrills, F. Sauerwald, A. Kruger, F. R. Henscl, A. Sauveur 
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K. Aders, W. Guertler, G. Sachs, P. Chovenard and A. M. Portevin, C. G. Heiby 
and G. Coles, L. C. Brant, W. H, Hatfield, H. J. French, H. Seott, B. F. Shcperd, 

G. V. Luer&scii, G. Masing, W. Rosonhaip, A. Michel and P. Benazel, H. Jungbliith, 
A. L. Bates, H. von KToeckritz, J. Seiglc, E. W. Ehn, S. S. Steinberg and W. Suboff, 
M. L. V. Gayler, F. Fcttweis, K. Honda and 8. Idei, G. A. Bernhardt and 

H. L. Cutter, and 0. E. Harder and R. L. Dowdell. The spontaneous evolution 
of heat by hardened steel was noticed by C. F. Brush and co-workers. F. Cloup 
noted that the heating curves of quenched or cold-worked steels show evolution 
of heat at about 400° ; the change is irreversible, and the cooling curves show no 
such phenomenon. K. Tamaru found that the density of steel consisting of 
j8-martensite, at 200°, is less than that of annealed steel, but greater than that of 
quenched steel. T. Matsushita concluded that in the seasoning or ageing of steel : 
(i) Steels which are imperfectly hardened always exhibit a gradual elongation, 
or an elongation associated with a subsequent contraction, (ii) In steels which 
are well-hardened there is always a gradual contraction, (iii) The elongation is 
explained by the incomplete A^ transformation, while the contraction is due to 
Reparation of unstable ceraentite from its solid soln- the martensite, (iv) The 
complete separation of the first unstable cementitc at room temp, requires several 
months or over one year, but by heating the steel to about UKV the same separa 
tion follows within two hours, (v) The separation of the unstable cementite does 
not affect the hardness of the steel appreciably, but the separation of the more 
stable cementite is associated with a loss of hardness, (vi) The electric resistance 
of a steel considerably increases by quenching, and decreases by tempering; tins 
increase is due to the cementite in solid soln. (vii) The gradual elongation or 
contraction of quenched steel is always accompanied by an evolution of heat. This 
heat is the heat of transformation, but is not caused by yielding strain, us was 
generally supposed to be the case. V. ('hevenard and A M PoTtevm studied the 
changes in the composition of the cementite during the ageing of the austenitic 
steels, by measuring the thermal expansion, hardness, electneal resistance, and 
remanent magnetism. Below 200 a carbide with a (’une point of I2(f is pre- 
cipitated and the iron returns from the y- to the a-state at 200° to 225°, when 
another carbide with a Curie point of 170° is precipitated. Above 260° the trans- 
formation of the austenite to martensite and a carbide occurs, and the proportion 
of carbide becomes progressively lesH as the temp, rises. At 4<X) J the steel is com- 
pletely in the form of sorbite, and at higher temp., the precipitated carbide becomes 
richer in manganese at the expense of the ferrite. Observations were also made 
by M. Sauvageot ; and W. Fraenkel and E. Ileymann studied the kinetics of the 
ojierations — vide supra. 

The early workers made several guesses in their attempt to explain how steel 
is hardened by quenching. According to E. Wiedemann, the Arabian A1 Kali 
early in the eleventh century said that iron exists in two forms, male and female ; 
soft iron is the female, steel the male variety. In the thirteenth century Albertus 
Magnus said that water, the principle of fusibility, occurs in iron and gives it a 
certain softness, and if iron be made glowing hot, this most siibtle, aqueous part 
distils away, and the remainder, in consequence, is hardened. Thomas Aquinas, 
A. Barba, and Basil Valentine held similar opinions. Roliert Boyle, J. Locke, 
Isaac Newton, P. von Muschenbrook, and W. Nicholson referred hardness to the 
cohesion of the constituent particles. T. Hobbes, R. A. F. de Reaumur, and 
G. Agricola discussed the subject. O. Tachen said that when steel is quenched 
in water it acquires strength because “ the light alcaly in the water is a true com- 
forter of the light acid in the iron, and cutlers do strengthen it with the alcaly of 
animals ” ; and N. Lemery also mentioned that steel is produced by heating iron 
in the presence of horns of animals. G, Agricola, in 1646, seems to have regarded 
steel as purified iron —ferrum scEpius liguef actum et a rccremeniis purgatum ; A. Liba- 
vius, in 1606, compared the production of steel from iron with that of cement 
copper by iron ; and, in 1779, J. Dcmeste regarded steel as iron free from what 
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was then called zinc. G. E. Slalil said that steel is merely iron possessing in 
virtue* of its phlogiston, the characteristics of a metal in a higher degree 
than iron. A similar idea appeared in the woiks of J. F. Henkel, K. Neumann, 
J. A. (Vainer. ('. E. Gellort, S. Kinmau, It. Kirwan, and 1\ J. Maeijuer. T. Berg- 
man also held tlie phlogiston theory with respect to steel, although by oxidizing 
wrought iron, steel, and east iron he showed that the percentage amounts of carbon 
in these materials uere respectively 0*0, r i to (1*20, 0-20 to 0-80, and J-00 to 3-CK). 
J. Black attributed the hardness of stool to the extrication of latent heat ; and the 
abatement- of the haPdnoss by temper, to the restoration of a part of that heat. 
The observations of L B. G. de Morveau, in 1786, ami of J. U. Breant, in 1823, 
have been previously discussed. R. A.E. de Reaumur experimented on Ihe subject 
and concluded that “ since the hardening of steel is due neither to the intervention 
of a new substance noi to the expulsion of air, it remains to seek its cause in the 
changes occurring in its substance.” When steel is heated, the “ sulphura and 
salts " are driven from the molecules into the interstitial spaces, when the metal 
is abruptly queue bed. the “ sulphurs and salts " have not lime to return to the 
molecules, but remain firmly cemented in the interstitial spaces, and hard, rigid 
steel is formed. In tempering, the “ sulphurs and salts ” partially return to the 
molecules, and the metal becomes proportionally soft. 

The liunleriing, anneal mg, anrl tempering of steel, etc .are dose n boil in many textbooks 
and the verier til subject wus discussed by K. R. Abbott, A. T. Adam, J. Adamson, 
.1 M.Andiew.W R. Angell, H II. Aslidown, FI t 1 Ham and W. S N. Wuiing, J. H Bnkn, 
(). Hauei, O. M Becker, A. 10. Beilis, <\ M. Bigger, H. Birnbaum, J. \V. Bolton, 
Jl M. Roy Eton, iS. N. Brays! mw, H. Brourley, H. Busch, F’. D. Campbell, \\\ Campbell, 
A. Campion, F. Cumus, (3. Charpy, P. Chevrnurd, E. F\ Cone, J. Cournol, \V. J. Crook, 
J. .1 . Cumin, fl. Dnrnoinine, FL F. Duvih, (I, Del hart, C. H.Deach, J. Durand, tJ M, Eaton, 
<1. FLio, B. Egelicrg, W. Eilondor, H. F'sser and W. Fhlendcr, E. W. Esshnger, (1 S FA 'ana, 
II. F’ay, R. B. Eolu, (J. Frain.be, H. .7. French, L. H. Fry, C. H. Fultun und cu-workcm, 
L de Cerundo, R. J.. (Jonitso, F. (Jiolitti, N. I’. (Joss, L (Jrenet, E. (Jrtuiheli, M. A. (Jross- 
mann, L. (jiudlet and co-workers, 1*. .7. Haler, »1. FI. Hall. H. Haneirmnn und co-workcrs, 
•I- F. Harper and R. S. MacFhcmui, .V. W. H arse he, 1) Hatton, R. 11 i»y and R. Higeum, 
R. A. Hayward, W. Heike and W. Brenselieidt, A. Heller, (L T. Hewitt, E. Hevn, 
FL Ileyn and (). Bauer. H. L). lhbbard, (). Hoffinimn, iv. Honda, 1\. Honda and A. Ohhvwi, 
H. M. iloue anil A. (.3. 7.iOv>\ VV. J*. Ishewskv, C. M. Johnson, B. E. Jones, A. Jung, 
H. lval|»crs, M. Kawakaim, 11. C. Knerr, 11 B. K no wit on, F. Khrtier. W. Rosier, 
J. H. Koininers, E. F. I^ake, F. (\ A. H. LanKherry , E. L. Leasman, l*. Lojcune, I*. Lmig- 
nruur, H. Lupfert, (J. V. LuerHsen, .1. Lund, J). J. Me Adam, A. MeCaneo, (J. W Mrlvce, 
J*. FL McKinney, E. FL Marbaker, F3 Marke, E II. Markham, J. A. Mathews and Fl . J. Stagg, 
T. Matsushita and K. Nagasawa, F3 Maurer, A. Merz und C IMannoiiHeluiudt, A. Michel 
and R. lUmazet, FL C. Miller, E. Muncker, 1’. Murnoeh, J*. Oljerhotler and eo workers, 
F. Osmond, C Otto, FL Eiwowarsky, (\ 11. Riant, A. Romp, A. M. Rortevin and i o-u or kern, 
A. l'oueholle, F. Rapatz and 11 rollai*k, F. Reiser, R Kimhuch, W. C. lloheits Austen, 
J. M. Robeilbon, F. Robin and R. UarLnor, 1’. Rohlund, FL Byd, Cl. Sachs, S. Soto, 
M. Sauvugeot and 11. Deliuas. A. Sehaek, A. Schleicher, E. Sclmz, H. Scott, U. M. Sherry, 
F. T. Sisco, E. Jv. Smith, J, FL Stead, S. S. Stendierg, B. Stougliton, (\ E. Stnmiever, 
If. Styrie, K. Tamaru, O. Thallner, C, Tmnson du Coudray, J). K. TseJiernolt, 
J. W. ITrijuhart, A. Viarendoel, C. M. Walter, A. Weber, H. W'odding, O. Wederneyer, 
M. Weidig, F. Wevrr, J. H. Wluteley, S. 0. Williams, J. K. Wood, W. T. Wood, J. V Wood- 
worth, F. Wnghtson, and J. B. Zab£. 

The phlogiston theory of the nature of steel was rejected by C. A. Vandermonde, 
C. L. Bcrthollet, and G. Monge, who, in their Memoire mr le for con aide re dans aea 
dvfferents etats ntetall itjuett, in agreement with T. Bergman, showed that the differ- 
ence in the muin varieties of iron is determined by variations in the proportions 
of carbon, and that steel must possess a definite proportion of carbon in order 
that it may possess definite qualities. This factor in VacieratWH was confirmed by 
the experiments of L. Clouet, F. Margueritte, W. H. Pepys, and others indicated 
in connection with the iron carbides- 5. 39, 20. Neur the middle of the eighteenth 
century C. Linn tc us, in his Pluto Svecicua , said that steel is devoid of sulphur, mean- 
ing by " sulphur” an inflammable substance (phlogiston); and another school 
regarded steel as iron containing an inflammable substance. These divergent 
views are accounted for by the approach to the metal being made iu different ways. 
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In one case attention was concentrated on the extraction of iron from its ores, 
and in the other on the production of steel by cementation. The correct view, 
said C. Benedicks, was set forth in the anonymous French w'ork Traite sur Voder 
r VAlsare , ou Vait de convertir le fer du fonte en acitr, published at Strasburg in 1737, 
probably by the brother of Gr. Bazin. 

It is generally agreed that the hardening of steel by rapid cooling consists 
essentially in the martensitization of the metal through the suppression of the 
transformations which austenite normally undergoes when it changes into pearlite. 
The transformation is suspended while the alloy is in the form of hard martensite. 
It is, indeed, an example of an arrested reaction — 4 . 31, 20. The martensite, so to 
speak, is trapped bv the abrupt cooling. If some austenite has escaped transfor- 
mation, it will not be so hard as if it had been completely martenuitized, because 
austenite is softer than martensite ; similarly, if some martensite has passed 
into the pearlite stage, the product is still softer. In fine, the degree of hardness 
of a steel quenched from above the transformation range is roughly a measure 
of the proportion of metal caught in transit in the martensite stage. The trans- 
formation of the martensite at ordinary temp., under ordinary conditions, is too 
slow to be of any consequence. According to H. M. Howe and co-workers, the 
suppression of the transformation of austenite before it passes beyond the 
martensite stage, tliat is, martensitization, is produced by (i) cooling carbon steels 
rapidly from the austenite stage ; (ii) by the addition of a small proportion of 
an element, like nickel or manganese, which introduces a kind of lag, hysteresis, 
or passive resistance, hindering or obstructing the transformation beyond the 
martensite stage ; (ni) by the super-cooling of cold austenitic steel in, say, liquid 
air ; (iv) by overstraining austenitic steel by cold deformation, for this enables 
the austenite to pass into hard martensite ; (v) by a reheating of austenitic 
steels to such a temp, that the austenite can pass into martensite ; and (vi) by 
subjecting the metal to plastic deformation- vide infra, hardness. 

Hardness in a general way may be regarded as a resistance offered to per- 
manent deformation. Metals owe their resistance to deformation to attractive 
and repulsive forces between the atoms. A permanent deformation, therefore, 
involves changes in the relative positions of some of the atoms and the rupture 
of some interatomic bonds. Rupture takes place by degrees- vide supra, slip 
bands — so that the breaking of the atomic bonds does not proceed simultaneously. 
The different hypotheses which have been suggested are not necessarily mutually 
exclusive. 

In one group of hypotheses the hardness of the martensite is referred to some 
peculiarity of the iron— say /3-iron. This means that the cohesive forces of the 
atoms of this allotrope are assumed to offer a greater resistance to deformation 
than do the cohesive forces of the other allotropic forms of iron. In the so-called 
allotropic iron theories of hardening, expounded by F. Osmond, 4 and mainly of 
historical interest, it is supposed that hardened steel consists of a soln. of iron 
carbide or carbon in /3-iron. The mixture is supposed to contain some a-iron in 
order to account for the magnetic properties. F. Osmond said : 

Hardened steel is a steel in which the iron and carbon have preserved more or less 
completely in the cold the condition which it jioBseBsed at high temp. The heat of the 
change that has not been affected remains disposable in the metal, and may bo termed the 
latent heat of hardening. We ooncludo that hardened steel owes its properties principally 
to the presence of /3-iron, which is hard and brittle by itself at the ordinary temp. Carbon 
in Die state of hardening carbon maintains iron in the condition during slow cooling up to a 
temp, which is in inverse proportion to the amount of carbon contained in the metal. . . . 
The influence of carbon is of the same character as that of the rate of cooling, and both 
combine to produce the final result. The rate of cooling ulono is not sufficient under 
oidinary conditions in which hardening is effected to maintain an appreciable fraction of 
t lie iron in the /l-condition. But as, under the B&zue conditions, it is easy to maintain the 
carbon in tbe state ol hardening carbon, and an the hardening carbon imparts stability to 
0-inni' it is evident in what manner j8-iron may be successfully preserved up to the ordinary 
temp, by the aid of carbon. The more rapid the cooling, the more incomplete are the changes 
uud the harder is the hardened metal. 
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The /3-iron hypothesis has been previously discussed, and the j9-iron hypothesis 
of hardening is dependent on the assumed properties of that allotrope. The equili- 
brium diagram shows that steels with up to 0-45 per cent, of carbon when quenched 
from between 900° and 750° would consist of j8-iron andy-solid soln. ; while steels 
with up to 0-86 per cent, of carbon quenched from betweon 750° and 700° consist 
of a-iron and y-solid soln. Consequently, C. A. Edwards said that 0-iron does not 
enter i^to the constitution of steels containing more than 0-45 per cent, of carbon. 
H. le Chatelier, and L. Guillet deny the existence of 0-iron, and hold that the 
A 2 -arrest does not represent an allotropic change. They also believe that the soln. 
is that of a carbide in a-iron, and that the hardness is due to the internal pressure 
caused (i) by the contraction of the red-hot material, and (ii) by the change in 
volume which attends the partial or complete change of austenite to martensite. 
Instead of 0-iron, it has also been assumed that the iron of martensite is a soln. 
of y-iron in a-iron. Indeed, all the possible changes have been rung in attempting 
to explain the hardness of martensite by assuming that it is due to the condition 
of the iron — a-, 0-, or y-iron and the possible combinations of these. As a result, 
0. A. Edwards could say that it is legitimate to infer that none of these allotropic 
forms of iron, as such, is an adequate cause of the hardening of carbon 
steels quenched from above the critical points. The subject was discussed by 

E. Maurer-- vide supra, the allotropes of iron. G. Sirovich and R. Ariano invented 
another form of a-iron to explain hardness. G. Charpy said that the hardening 
produced in the cold metal by a permanent deformation by strain and that pro- 
duced by quenching from a high temp, are similar states. 

G. T. Beil by ’s theory of amorphous iron (g.v.) previously discussed has been 
adapted to explain the hardness of steel — the amorphous state theories ot hardening. 
The hard structure is supposed to be due to the formation of an amorphous soln. 
of carbide in a-iron during the change from one allotropic form to another. The 
sudden lowering of the temp, prevents the viscous mass from crystallizing in a new 
state, so that the metastable, amorphous state is retained in *he cold This hypo- 
thesis was advocated by J. C. W. Humfrey. The interstratal movements caused 
by the dilation which accompanies the y-iron ->a-iron or the austenite ~»pearlite 
transformation are supposed to break up the crystalline condition of the iron 
and make it amorphous, and if the cooling is fast enough, this iron does not crystal- 
lize, but is trapped, so to speak, while it is in the hard and amorphous state. 
W. E. Williams found that the X-radiograms of hardened steel agree with the 
assumption that the hardness of martensite is due to the presence of amorphous 
material which crystallizes out in the tempering process. W. Rosenhain supposed 
that the amoiphous iron is formed during the rapid cooling from a state in which 
every grain is encased in a thin, amorphous envelope ; in cooling there is not 
enough time for the growth of the grains of a-iron, and, in consequence, the grain- 
size is very small, while the amorphous envelopes are proportionally increased. 
The retardation produced by carbon is taken to represent the time needed by the 
nascent a-ferrite to transfer carbon to the surrounding untransformed austenite. 
Carbon is readily soluble in austenite, but sparingly soluble in ferrite, so that the 
transformation of a given particle from austenite to ferrite cannot occur until it 
has succeeded in expelling the carbon to the surrounding untransformed austenite. 
This hypothesis was discussed by H. M. Howe, R. J. Anderson and J. T. Norton, 

F. Osmond, A. Sauveur, J. O. Arnold, F. W. Harbord and T. Twynam, C. H. Desch, 
and Z. Jeffries and R. 8. Archer. In the production of amorphous metal it w r as 
supposed by C. A. Edwards and H. C. H. Carpenter that during the quenching 
the mass undergoes an internal straining on the slip or gliding planes which 
produces a twinning of the crystals ; and that hard, amorphous or vitreous 
layers, formed during the internal slipping or twinning, are retained by quick 
cooling. C. Benedicks contended that the hypothesis that surface colours and 
that hardness are produced by amorphous metals in the plastic state is not in 
accord with metallographic facts. 
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It is generally held that the carbon in martensite is held in soln. either as carbon 
atoms or as carbide. The general opinion is that the carbide is present as the 
tritacarbide, Fc 3 C, but J. 0. Arnold postulated the existence of a sub cur hide, 
hV> 4 ('- subcarbide hypothesis of hardening— because that corresponds with the 
eutectoidal proportion of carbon, viz. 0*89 per cent., and because some maxima in 
the physical properties — v.rj . evolution of heat, and magnetic retentivity - arc 
obtained with that proportion of carbon. It is assumed (i) that above the critical 
temp, the carbon of steel forms a subcarbide, the excess of iron separating as free 
iron, and the excess of carbon as cemcntite ; (ii) that by abrupt cooling this con- 
dition is preserved, so that hardened steel consists of and owes its properties to 
the subcarbide in the form of hardemte (j.v.) ; and (in) that by slow rooling the 
excess of free iron and cementite persists, while the subcarbide is resolved into a 
mixture of ferrite and cementite, which, under favourable conditions, is intcrst ratified 
to form ponrlite It is shown elsewhere that there is probably no such chemical 
individual as is hero postulated, although H. Hanemann and A. Schrader also 
assume that the hardness is due to the presence of some such carbide A rather 
vague hypothesis refers the hardening of steel to the assumption that carbon 
exists in the steel in two states — hardening carbon and cement carbon vide supra, 
A. Ledebur. This is the so called carbon hypothesis of hardening. Between 
020° and 720° carbon passes spontaneously from the normal state of cement 
carbon to a special condition called hardening carbon ; the re\orse change occurs 
during slow cooling. The cause of hardening by sudden cooling is attributed to 
the retention of carbon in the hardening static. It is generally recognized, as 
F. Osmond expressed if, that carbon presents, in its relations with iron, h certain 
number of peculiarities which are inseparable from its presence ; and a variation 
of the allotropic iron hypothesis wsh suggested by H M Howe, wlm assumed 
that the hardening of suddenly-cooled steel is due to the presence of hard carbides 
of y- and /3-iron, which are decomposed at the mtical points only when the steel 
is cooled slowdy. The carbides are supposed to have the properties needed to 
agree with the observed phenomena T)iih hypothesis was called the CBlbo- 
allotropic hypothesis of hardening. 

(\ Benedicks showed that in general solid soln. are much harder than the metals 
themselves- solid solution hypothesis of hardening. This was confirmed by 
N. N. Kumakoft and S F Schemtschusrhny. For small proportions of the element 
B dissolved in the solvent element A the coeff. of hardness, //, may be written 
&h II. &C , where h denotes the hardness and C the at percentage concentration 
of B The more nearly similar, chemically, A ib to B, the less the harduoss coeff. 
H . The ready substitution of A by B generally means that the solubility of B in 
A is laTge, and conversely. Hence, when the solubility of B in A is large, the hard- 
ness coeff. U is small ; and when the stability of B in A is small, the hardness coeff. 
is large. If the added element B is very dissimilar to A, it must necessarily cause 
an essential change or distortion of the space-lattice of A, or it may interfere with 
the probably synchronous vibrations occurring in solid crystals. C. Benedicks 
inferred : In order that a metal A be hardened on quenching it is a necessary and 
sufficient condition that a substance B occurs which is but little soluble in A at 
temp, below 7 a definite temp. T , but which is easily dissolved at a higher temp., 
and that it ih impossible on sudden cooling from a temp, exceeding T to preserve 
the solid soln. AB at ordinary temp. On slightly reheating to a temp, less than V, 
a partial segregation of the solid soln. AB into a mixture A4 B occurs, and the 
metal is tempered. This view is supported by L. Ouillet, and A. M. Fortevm. 
E. Maurer assumed that the hardness is due to the forced soln. of carbon — super- 
saturated soln.- -which causes an appreciable increase in vol., and consequently a 
distortion of the crystal structure. Z. Jeffries and R. 8. Archer said that Bolid 
soln. are harder than the solvent metal because slip is interfered with by the greater 
attraction between unlike than between like atoms, and by the roughening of the 
slip-planes due to solute atoms of different effective size than the solvent atoms. 
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Intermetallic compounds are hard and brittle because of the great attractive 
forces between the combining atoms, the non-interchangeability of positions of 
unlike atoms m the spare lattice, and the low crystalline symmetry of the spare 
lattice The presence in an aggregate of any constituent having a high specific 
baldness interferes with slip in the surrounding material and thereby increases 
the hairiness of the aggregate This agrees with 0 Benedicks’ statement that 
every foreign atom by its frictional or locking effect retards the slipping action 
along a surface in the same way as a gram of sand retards the moving surface ot 
a machine V Benedicks showed that while solid soln arc harder than the puie 
metals the greatest increase in hardness is shown by supersaturated solid soln , 
supercooled solid soln are not so haid The partial splitting up of a supersaturated 
solid soln , such as occurs on tempering steel, results in a decrease in the hardness 
of the metal Austenite is regarded as a supercooled solid soln , and martensite os 
a snpci saturate cl solid soln The subject was discussed by H Styn. J 0. Arnold’* 
h itih nite , 21Fc Fc formed from pcarhtc, is a solid soln which has the hardness 
chai i< tenstic of an ainoiphous solid soln On tempering, a desired proportion 
of the ca?l)idt is prcupit itc d from the solid soln P (’licvenard suggested a 
modification of these hypotheses 

A M< ( me e sugge sted m mterstrain hypothesis of hardening He c one ludcd 
that in a epunehed nnel uniformly hareleneel steel the caibem is in solution and it 
ictuns ti portion of the iron in the y state Ihe gieatei the pere outage* of eaibon 
the gieatei the piopoition le tamed in solution Most of the iron howevei is in 
the u stiff but owing to ihc nitric ted mobility during ejuencliiiig the eiystalline 
units me not liomoge ne >usl> ouentated In other words owing to tin rapidity of 
the cooling pioeess tin crystals of a iron have not time to assume homogeneous 
one libitum At queue lung the ciystal grams h,ne the symmetry of y mm, and 
any y non ic tamed m the c old will have that symmetry but the rest will be e hanged 
to a non although lack of time, internal friction, and the obstruction caused by the 
crystals of y lion will pievent the crystals of a iron arranging themselves homo- 
geneously The mterstrain so induced by the a iron nukes the mitenal veiy 
hard W \on MolkndoifT objected to the 1 term amorphous when applied to metah 
with biokeii spice lattices, since it is not in aceord with the mee haiiie al properties 
of plastic materials He* attubuted the hardness to a disturl>i*cl oiientation and 
\tc tonal shape* distortion of the eiystalline molecules II Ilanemann ind 
A Schrader attubute the hardness of martensite to a definite arrangement of non 
ami carbon atoms in a definite non carbide The* actual btarei of the marie nsitn 
hairiness is attributed to r) martensite i id< supra 

T L Je tines and H S Vrchei described what l hey called the slip interference 
hypothesis of hardening m the following words 

Metals au (i\slalhn< and me huilt up nl atoms auangid hi definite inifl m pouting 
patterns I lie Kgulunlv ol atomic uirangc mint givts rise to nitain plants ot ucakness 
or low resist am n to sht tiling hIh ss W hon an i \ti nml load pioductH a hIk ruing stress on 
sue h a plane whuh c \(tids thu msistanro ol the cr\Htal to slum on that paitiMilaf plant 
tiHctuio of the eiystul takes plate Hie Jiugnieiit* toimeel nm\ ot may n »t arlluie to 
enuhothoi If tlie\ do not the failure of the 1 1\ stal is i oniplele anti it is said to he hi it tic 
J hi plane of weakness m then known as a e le uvage plane Mote gi iilimIIv in the use till 
metals, the crystol fragments adhere and rnntlv glidr ni slip tnei t ae h either llu 
icRult of silt h slip, icpeateel on inan\ planes, is a measumbk periuaneiit delonnntion 
flic tr\sfal is diitlile mil the planes nl weakness aie tailed shp [limits I lie lust 
appreciable tuimation el s] ip plants marks the la ginning ot plustie tie fni unit ion and 
thctelore* the paHHing et the (lofltic limit Uee ic Hist nil rt h permanent diminution 
whit h is a ge lie ini mcasuie til lifted ness and stii ngth icpiiMiils ic sistiwu < to the leeginniru. 
and piopagatiem ol slij \mlhmg that stives to im del s|jji is i soimi ot stienglh and 


In applying the hypothesis that On Inn damn/ and s In nqOu nmy of nulah by 
any of On known nufhods way ht consult ud as du< pnnupally to intufnvnn mth 
shp , Z Jc lines and K 8 Auhei say that the hairiness ot amorphous metals is 
attributed to the absence of planes of weakness ( haiactenslic of eiystalline metals 
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The increased hardness and strength of pearlite over pure iron are attributed largely 
to the increased resistance to slip in the ferrite grains offered by the hard cementite. 
The increased hardness of sorbite and troostite over pearlite is due to the refine* 
ment of the ferrite grains and the greater dispersion of the cementite particles. 
The increased hardness of martensite over troostite is attributed to the greater 
refinement of the ferrite grains, and, in cases of maximum hardness, to the critical 
dispersion of the cementite particles. The carbon in soln. or in a state of atomic 
dispersion in the ferrite of martensite makes it harder than the ferrite of pure iron. 
Carbon is less soluble in a-iron than iny-iron ; the a-iron of freshly -formed marten- 
site contains carbon atoms in a state of atomic dispersion, so that it is super- 
saturated with respect to carbon ; equilibrium is brought about by the precipita- 
tion of carbon as cementite. The carbon dispersed in a-iron at room temp, diffuses 
more rapidly as the temp, is increased. The carbide therefore precipitates slowly 
at room temp, and more rapidly with rising temp. The increase in hardness of 
freshly-quenched martensite on standing or after a mild tempering is attributed 
to the precipitation of hard cementite, which hinders movement on the slip-planes 
of the ferrite grains. Heating softens martensite by producing a growth of the 
ferrite grains. Heating produces changes in the carbide which tend to harden 
the steel until the critical dispersion of the carbide particles is produced ; further 
heating softens the martensite. The growth of the carbide particles occurs as a 
Tesult of the slight solubility of carbon in a-iron, which is greater the smaller the 
size of the cementite particles with which the soln. is in rontact. The a-iron should 
reach approximately its equilibrium value before the growth of the particles begins, 
so that the carbide must be nearly completely precipitated at an eaily btage of the 
tempering. The more rapid the cooling of austenite, the lower the temp, of its 
transformation into ferrite and cementite. When the transformation occurs at 
or above 600°, both ferrite and cementite arc formed as pearlite, sorbite, or troostite. 
If the austenite is preserved below about 600°, it seems relatively stable until a temp, 
of about 300° is obtained on pooling. When the austenite transformation is sup- 
pressed to about 300° or less, the allotropic transformation of iron occurs indepen- 
dently of the carbide formation. The composition of the steel may be such that 
by rapid cooling the austenite is preserved at room temp., but not so witli slow 
cooling. The transformation of this austenite to martensite or another product 
on ageing or tempering results in an increase in hardness, which is also attended 
by an increase in volume. R. F. Mehl and B. J. Mair consider that the identity of 
the compressibility coeff. of quenched and annealed eutectoidal steel shows that 
the structural units and the binding forces between the atoms are not greatly 
different, and consequently that the hardness, as in the slip interference theory, 
is produced only by differences in the mechanical arrangement of the structural 
units. R. Vondracek attributed the hardness to the altered structure of the metal 
during crystallization. K. Honda, E. C. Bain, E. Heyn, A. Westgren, P. D. Merica, 

F. *T. Sisco, M. G. Corson, O. E. Harder and R. L. Dowdell, and D. J. McAdam made 
observations on this subject — vide supra , martensite. 

Another hypothesis, due to F. Reiser, refers the hardening of steel by rapid 
cooling — stress hypothesis of hardening — to the internal stresses which arise owing 
to the rapid contraction of red-hot material owing to (i) the shrinkage of the outer 
skin, and (ii) the increase in volume during the complete or partial change of 
austenite to martensite. C. Barus and V. Btrouhal said that in steel there is a 
limited interchange of the atoms between ’the molecules under stress, which must 
be a property common to solids, if solids are made up of configurations in all degrees 
of molecular stability. In hardened steel the strain applied to the steel is locked 
up in the metal in virtue of its viscosity ; tempering is the release of the molecular 
strain by heat. The hypothesis was discussed by 0. Thallner, and W. Tafel. 
The stress hypothesis was discussed by R. Akerman, A. le Chatelier, W. Metcalfe, 

G. Charpy, L. Guillet, and H. M. Howe. The hypothesis does not explain why 
steel quenched from just below the Acj-arrest is soft, and when quenched from 
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above that temp, is hard ; why the hardness produced by quenching steel is so 
much greater than is the case with other alloys ; and why quenched materials 
do not have the greatest hardness at the centre of the mass, where the internal 
press, is a maximum. Cold-work sets up a certain amount of strain and produces 
a slight increase in the hardness, a definite loss in ductility, and an increase in 
the elastic limit. 

C. A. Edwards and H. 0. H. Carpenter assume that austenite and martensite 
are constitutionally identical ; the latter alone exhibits twinning. The hardness 
of martensite is attributed to the formation of amorphous material at the surfaces 
of slip on which twinning occurs. C. A Edwards assumed that Ihe hardness is 
due to the retention, by quenching, of the solid soln. of iron carbide in iron. The 
hardness depends on the fact that iron can exist in they-statc and dissolve carbon ; 
it is none the less dependent on the fact that the solid soln. decomposes with a slow 
rate of cooling into a-iron and iron carbide. Some energy must be absorbed in 
the quenching process in order to overcome the tendency for the Ar r inversion to 
occur. Thifi energy acts in two ways (i) by the sudden contraction of the outer 
envelope of the specimen ; and (ii) by an internal mol contraction of the mas^ 
which is related with the soln. press, or the osmotic press, of the dissolved carbide. 
The degree of hardness produced by quenching a given carbon steel ill depend 
on ihe velocity and thermal magnitude of the suppressed inversion, i c. on the 
amount of energy it is necessary to absorb in order to prevent the inversion taking 
place. This shows why the so-called austenitic, quenched, carbon steels are 
slightly softer than when the same steel is martensitic. The osmotic or soln. 
press, of carbon steels increases as the percentage of carbon increases from zero 
to 0-89, and then rapidly decreases as the percentage rises to 2 0, for, m general, 
the osmotic press, of soln. increases as the f p. is lowered, as also the temp at 
which the solid soln. deposits one of its constituents. The maximum osmotic 
press, in liquid soln. occurs with those having a eutectic composition, and in the 
analogous solid soln. with those having the eutectoidal composition. The 
maximum thermal change at the critical temp , indicated on the cooling curve, 
occurs with eutectoidal steel with 0-89 per cent, of carbon. Consequently, the 
muximum combined physical effect of iron and carbon occurs with steels having 
0*89 per cent, of carbon ; and since the hardening cflect is directly connected with 
the osmotic press., the thermal critical points, etc., it is to be anticipated that the 
maximum hardness should be obtained by quenching steels of that composition, 
and that austenitic steels should be a litlle softer than equivalent martensitic steels. 

L. Grenet added that it is unnecessary to take the allotropic transformations 
of iron into consideration when discussing the hardness of steel Quenching as 
compared with slow cooling may act (i) by changing the nature of the constituents, 
and notably by preventing, wholly or partly, the transformation on cooling. Jn 
this case, which is rare so far as steels are concerned, the quenched state and that 
obtained by slow cooling aTe really different states, and their properties cannot be 
foreseen. In a few cases the quenched state is softer than that obtained by slow 
cooling — e.g . J. H. Andrews results with some copper-tin alloys, (ii) Quenching 
may also act by lowering the temp, of the transformation on cooling, and the 
quenched state is then always the harder. In general, “an alley is l he harder in 
proportion as the transformation which has given birth to its constituents at the 
time has takeu place at a lower temp., has been more rapid, and as the maximum 
temp, reached Bince the last transformation has been at a lower temp, aud has 
been maintained for a shorter period of time.'’ The law also applied to pure metals. 
According to L. Greuet’s hypothesis, hardness is not due to the complete suppression 
of the thermal transformation, but rather to its taking place at a lower temp. ; 
quenching depresses but doeB not suppress the change. In consequence of the 
delayed transformation, the decomposition of the martensite furnishes products 
which are in a very fine state of subdivision, and the resulting fine state oi aggrega- 
tion accounts for the excessive hardness — fine-grained hypothesis of hardening— 
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vide infra , hardness. J. H. Andrew assumed that the hardness of a quenched 
Bteel largely depends on the transformation of austenite into martensite, and 
the formal ion of martensite as finely-divided free cementitc embedded in a matrix 
of undecomposed austenite and a -iron. The hardness is thus attributed to the 
formation of a system with exceedingly hard, finely-divided cementite embedded 
in a relatively hard matrix of austenite, and a-iron. W. Roscnhain expressed his 
view of the hardening in the following words : “ Hardening is due to the decomposi- 
tion of a supersaturated or metas table solid soln. obtained by quenching, such 
decomposition resulting in the production of a very large number of crystallites 
of one or more phases, either constituting the whole of the hardened mulerial, or 
scattered through a crystalline matrix.” lie added : 

That a structure of this kind should possess, m some cases, an extreme dogreo of hard- 
ness is readily understood, since the softness and plasticity of metals in their oidimirv 
condition are known to lie due to the possilulitv of plastic deformation by u mechanism oi 
internal slip in the crystals. Any disturbance ot the rogulai crystalline hithii^c nirnt 
results in a corresponding increase of resistance to slip, and therefore increase ot baldness 
If tho disturbance of the structure bo carried to the point where the slip met hanism is 
entirely destroyed or its functiomng is eliminat'd' complete burdening Jesuits, ami the 
degree of hardening m u given case will depend, m the iirwt plucc, upon the exu( i extent to 
wluch the slip mechanism is disturbed, and, in the second place, upon the actual cohesive 
strength ol the metal in question. In hardened steel, both factors operate to produce 
maximum hardness. Iron itself, although very soft and duetile when in the pure state, 
possesses a high degree of cohesion ; further, the sinuiltnncous turmution of c iron untl 
cementite during the decomposition of y-iinn, as a result of the idlutiojuc tiHiislonnat ion 
of the iron itself, brings about a structural m rungonient most eonipJch l> preventing the 
occurrence of plastic deformation by slip. 

The relation of this hypothesis to tlu* allot ropic theory turns on the fact that 
the allotropie transformation gives rise to an abrupt change in the solid solubility , 
it is related to the carbide hypothesis in that the presence of carbon is necessary 
to furnish one of the two decomposition products of the solid soln. ; and it is 
related to the amorphous hypothesis in that the kind of disturbance of the crystal 
structure of a solid soln. which is produced by the formation in it of minute 
crystallites of a deposited phase may be described as rendering the substance more 
or less completely amorphous in the immediate vicinity of each of these 
crystallites. One of the main features of the amorphous slate is the very absence 
of slip mechanism, which in the present view is regarded as being essential to 
hardness. ¥. Osmond, however, inferred that the Ai j inversion is wholly or partly 
suppressed, because (i) the cooling curves taken during the quenching period 
show* no signs of the evolution of heat ; (n) the dissolution of soft and hard .steels 
in a sat. soln. of ammonium cupric chloride shows that more heat is evolved by 
the hardened steel ; and (iii) the latent heat of hardening, so to speak, appears 
on the heating curves of hardened steel as accelerations. The subject was discussed 
by K. School. 

Modifications of this hypothesis - -('ailed the dispersion theory and the pre- 
cipitation theory have been discussed by Z Jeff rich and It. S. Archer, 0 . E. Harder, 
H. Esscr and W. Eilemler, W. Eilender and R. Wasmuht, and others. It is assumed 
that a metal may be ellectively hardened by highly dispersed particles within the 
grains, such as may be precipitated from supersaturated soln. It is exemplified 
by the hardening of metals by heat treatment, in which the metal is cooled from a 
relatively high temp, into a region of supersaturation, and then by tempering or 
ageing to permit the formution of a fine precipitate. The precipitated granules 
tend t.o grow through a critical size, whereby u maximum hardness is attained ; 
any further growth is attended by a decrease in the hardness of the metal. 

\V. Roscnhain, W. L. Eink and K. K. van Horn, II. W. Gillett, S, Kiinuru. 
U. S. Dean and 10-workcrs, U. Sachs, and K. Honda explained the hardness of 
martensite by the distorted lattice hypothesis. K. Honda said : 

The distribution of the carbon atoms m the uiartcu&ito lias not yet been continued by 
X-ray analysis. These atoms cannot approach too near to iron atoms in virtue of the 
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repulsive force coming into play between the two kinds of atoms when they approach 
very near together j also they must take a symmetrical position in relation to the iron 
atoms. Hence in order to satisfy those two conditions, the carbon atoms in martensite 
may take positions in the centre of the face of an elementary cube, distributed here and 
there according to the law of probability. A local distortion of the lattice may ol' course 
result. These carbon atoms will send their lines of force toward six neighbouring atoms 
and themHcIves behave like diagonal supporters in square framework, thus giving to the 
lattice-building a great strength as a whole. From the above consideration the strength 
of martensite must increase with the concentration of carbon. This fact is confirmed by 
experiments os far as a medium carbon steel is concerned. In higher carbon con- 
centrations the presence of austenite intermingled with martensite causes a decrease of 
hardness. Again, in a complete quenching, the size of the martensite crystals increases 
with carbon content and consequently causes a decrease of hardness in high carlum steels. 
It may be remarked that by quenching iron-nickel alloys containing about 15 to 30 per 
cent, of nickel from the austenitic region into water or liquid air, a martensitic structure 
is obtained, and the hardness greatly increases, though no appreciable content of carbon is 
present. This is also explained in the same way as in the case of carbon steels. Above 
the A a -Hne iron atoms assume the distribution of a face-centred cube, some of them being 
replaced by nickel atoms according to the concentration, but- lielow this lino they take 
that of a body- centred cube ; the sides of the unit cubes in these two discs have a ratio 
of about 1*3. By quenching the alloys from the austenitic region into water or liquid 
air the lattice changes, as a whole, from the face -centred cube to the body-centred, but 
owing to the very rapid cooling, some of the nickel atoms may not have a Huflicicnt time to 
assume their proper position and may remain in the centre of the face of the body-centred 
cube and play the part- of carbon atoms in the martensite ol’ carbon steels, thus giving to 
the alloys a great strength or great hardness. 

The hardening or formation of martensite from austenite at the Aj -arrest 
involves a change from u solid soln. of carbon in y-iron to ferrite and cementitc. 
This involves the two independent transformations : (i) a change in the atomic 
configuration of iron from the face-centred to the body-centred lattice ; and 
(ii) the separation of carbon atoms as cementitc from the interspace of the lattice. 
The change in the lattice configuration is attended by a great reduction in the 
solubility of carbon, and the formation of the a-iron lattice is attended by the 
precipitation of carbon as ceruentite. The A x - transformation is a double process. 
With the slow cooling of carbon steels the austenite changes to martensite, and the 
lattice immediately forms pearlite ; but with very rapid cooling, or quenching, 
the change from austenite to martensite is retarded, and begins about 300°, and 
is virtually completed near room temp. The second change from martensite 
to pearlite cannot take place, because this change involves the diffusion of carbon 
atoms through iron and therefore the specimen will undergo a high resistance 
owing to its greater viscosity at room temperature. Thus the martensite is 
obtained by quenching the steel in water. Perfect quenching or hardening is 
obtained when the first half of the Aj -transformation — austenite to martensite — 
is completed, and the second half — martensite to pearlite — is suppressed. In the 
case of a less rapid cooling the first half of the transformation occurs at a 
temperature a little higher than in the above case, and therefore the second half 
partly takes place, resulting in a martensitic structure mixed with tioostite. 
Troostite is a dispersed system, in which cementite is suspended in iron as very 
fine colloid-like particles, and hence is a mechanical mixture of cementite and 
iron and does not differ physically from pearlite. The hardness of martensite 
mixed with troostite is less than that of pure martensite. In this case there is 
an imperfect hardening. In the case of an extremely rapid cooling not only is 
the second half of the A x - transf ormation completely suppressed, but also the 
first half is partially arrested ; there is thus formed a mixture of martensite and 
austenite the hardness of which is less than that of puTe martensite. In this case 
there is a too severe quenching. L. Grenet pointed out that in quenching from, 
say, 1450° the a-phase, that is 8-iron # transforms to y-iron with tho evolution 
of heat ; but this transformation can be suppressed by quenching the metal 
in a bath at 850° ; the iron then remains in the stable a-statc without passing 
through the intermediate y-state. Hence, quenching need not be attended by 
hardening. 

vol. xn. 2 y 
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R. F. Mehl and B. J. Hair consider that the identity of the compressibility 
coeff. of annealed and quenched eutectoidal steel shows that there is no marked 
alteration in the interatomic forces such as would have to be postulated by the 
lattice distortion hypothesis. H. Esscr and W. Eilcnder concluded that the 
hardening of steel by quenching is controlled by the degree of dispersion of the 
precipitated iron carbide, and by the considerable distortion of the a-iron lattice 
produced by the separated carbide in the y-a-transformation at a temp, at which 
the plasticity of the metal is very low. K. Heindlhofer and E. C. Bain added that 
the hardness of martensite must be explained on the basis of a strong interatomic 
bonding within the greatly supersaturated pseudo-solid soln. of carbon in ferrite, 
along with grain-size and distortion due to cold- work. 

The different theories of hardening have been discussed by B. D. Enlund, 
W. T. Griffiths, etc. There is here a plurality of causes. 0. E Harder and 
R. L. Dowdell, and F. T. Sisco consider that hardness may be produced by (i) slip 
interference caused by the formation of martensite needles ; (ii) by gram refinement 
resulting from the recrystallization* as many small grains of a-iron are inherited from 
the paient austenite at a temp, below thal at which normal recrystalhzation occurs ; 
(iii) the disturbance produced by stress distorting the lattice of a-iron and some 
residual y-iron ; (iv) the saturation or supersaturation of the martensite with respect 
to the carbon atoms within the a-lattice ; (v) the presence of numerous small particles 
of carbide which act as keys locking up the slip-planes, so that the hardness increases 
as the size of these particles up to a certain critical grain-size, after which it decreases 
as the particles of carbide grow larger ; and (vi) by the interatomic forcos in the 
martensite. K. Honda also emphasized the probability that the cause of the 
great hardness is not due to any one condition, but rather to several. There is 
the hardness produced by fineness of grain, by internal strains, and by the presence 
of the carbon atoms within the lattice. He attempted a numerical estimate of 
these agencies in the csbc of the martensite of a 0-9 per cent, carbon steel with 
the Brinell’s hardness of 680. The natural hardness of the steel is taken 
to be 280 ; the increase due to the fine-grained structure, 80 ; the increase 
due to interstrain, 150 ; and the increase due to the carbon atoms within the 
lattice, 230. 

Heat treatment with the object of hardening the metal produces a fine-grained 
metal with the maximum hardness and tensile strength and the minimum ductility. 
The hardened metal, however, is usually too hard and too brittle, and it is also 
severely strained internally. W. R. Angell 6 found that the tensile strength and 
impact tests of steels quenched below the Ac s - and above Ar s -arrest are equally 
good, but the lower quenching temp, minimizes the quenching strains, and gives 
a more plastic material which can be handled without deformation. In order to 
relieve the quenching strains, to decrease the brittleness, and to restore the ductility 
without reducing the hardness and strength too much, the metal is tempered 
by heating it into a range of temp, extending from room temp, to a temp, below 
the Ac 1 -arrest, and cooling it at any desired rate. The operation is called tempering 
— Anlaasen — because it moderates, mitigates, relieves, or tempers the effects of 
the hardening process. An increase in toughness may be produced by a combina- 
tion of hardening and tempering — Verguten. In some cases the word “ tempering ” 
refers to the re-heating of hardened steel below 400°, and “ drawing ” or “ drawing 
to the temper ” for the re-heating of the steel above 400°. According to C. Barus 
and C. Strouhal, the tempering is accompanied by a chemical change even at temp, 
slightly, above atmospheric. The mol. configuration of glass-hard steel is always 
in a state of incipient change, and a part of the change is permanent. If glass-hard 
steel be heated suddenly to 300°, it behaves almost like a viscous fluid. C. Barus 
added that the tempering may occur even at the ordinary temp., for the hardness 
of quenched steel, when kept at ordinary temp, for a few years, may be reduced 
as much as occurs if the steel be heated at 100° for a few hours. This phenomenon 
is rather different from the ageing to which reference has been made. This subject 
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'was discussed by F. Giolitti. A Poucholle studied the variation in the length 
of steel rods as a function of the time of cooling after different heat treatments. 
He said that tempering is characterized by the absence of the transformation point 
Ar x at low temp. The transformation of y-iron into a-irOn only takes place at the 
point Ar 2 , that is, at about 200°. Over the temp, range 650° to 200°, from the 
point Atj to the point Ar 2 , the curves do not show any angular point. However, 
invariably ill this region, and only in this region, mechanic al tensions appear, being 
manifested by sharp cracks and ^companicd by the projection of the thin skin 
of oxide. The transformation point Ar x is lowered if the annealing observed 
follows a tempering. Similarly, Ihe lemp. at which tempering is obtained is 
lowered by successive temperings. The amplitude of the inflection Arj diminishes 
(a) by rise in temp, until it becomes nil, (b) by the duration of the heating if flic 
temp, remains constant. G. Kurdjumuff found by X -radiogram measurements 
that the tempering of hardened carbon steel takes place in three stages : (i) the 
breaking down of the tetragonal structure, which occuis at an appreciable 
velocity at 100° to 150°; (ii) the breaking down of the austenite at 250°; and 
(ni) Ihe formation of an a-iron-ccmentite mixture, which occurs Blowly at 300° 
to 400°. 

Hardened steel is in an unstable or mctastable condition ready to change to a 
more stable state as soon as the conditions are favourable— such as occurs, for 
instance, when the temp, is laised. Few pieces of structural metal are in a state 
of internal repose though not at the time acted upon by external forces. This 
subject was investigated by J. E. Howard. Internal strains up to the elastic 
limit may persist after all molecular flow has ceased. There is some stress above 
zero load which the metal will endure an indefinite time, whether this stress is the 
result of internal strains in sonic parts or is due to external forces. By annealing, 
the elastic limit is lowered as the temp, rises, and with a lowering of the elastic 
limit some of the strain is removed by an amount nearly proportional to the elastic 
limit. It is not strictly proportional, because the modulus of elasticity decreases 
as the temp, increases. The relief of the internal strains at ordinary temp, is 
hindered by the rigidity of the metal, but by raising the temp, a little the trans- 
formation can proceed at an appreciable rate. The speed of the transformation 
is faster the higher the temp. ; bul in all cases it is a time reaction ; and hardening 
of steel is the result of an arrested reaction- - 4 . 31, 33. (\ Barus and V. Strouhal 

said that a transformation which occupies 3 hrH. at 100° is completed in a few 
seconds at 650°. E. Hcyn and O. Bauer, and H. Hanemann also noted that the 
tempering may occupy only a lew seconds when conducted at the right temp., 
where it does not proceed beyond the required stage during, say, 120 hrs. Hardened 
steel may contain a large proportion of martensite, as well as more or less austenite 
and troostite. If the steel is tempered with the idea of preserving its hardness, 
the operation is sometimes called { roost if i zing, liecausc the steel is tempered m the 
range of temp, favourable to tbe growth of this constituent — between 100° and 
about 400° ; whereas if the steel is tempered for strength and ductility and retains 
the fine structure of martensite, the operation is sometimes called sorbitiznig ; 
the change occurs at a temp, between 400° and about 650° or even 700°. J. E. Stead 
and A. W. Richards, E. Marcotte, N. V. Kolokoloif, and N. N. Shadrin discussed 
this subject. G. (’harpy and L. Grenet investigated the depth of the penetration 
of tempering. 

The so-called patenting of steel is a process of heat treatment in which a structure verging 
on “ over-heating ” is imparted to rods or wire. In tins ptoccss the temp, ol the metal m 
raised steadily to a range dependent on tho diameter ot the wire, and well above the 
critical temp, of the steel ; this temp, is maintained for a period necessary to allow a 
complete diffusion of the carbon and the growth of the crystal gram to a maximum 
dependent on the sectional area of the wire. ThiB metal is then rapidly cooled to retain 
the dispersed carbide in the state of sorbite. The process was discussed by J . S. G . Primrose, 
and J. 1). Brunton. 

H. Brearley gave 2499 for Brinell’s hardness of a 1*1 per cent, carbon steel 
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which had been heated to 760° and then quenched in water ; the hardness of the 
same steel after annealing at different temp, was os follows : 

50° 100° 200° 300° 400° !i00 n 600 J 

Hardness . 2490 2400 2380 1100 917 770 308 

H. C. Boynton stated that the decrease of hardness on tempering is gradual up 
to 350°, it is quite sudden between 350° and 550°, and zero above f)50°. E. Heyn 
found the loss of hardness expressed os a percentage of the original increase produced 
by the hardening to be : 

100® 200° 300 J 400° 500° (MM) 0 

Increased hardness . 2 -5 14 U 41-0 70 0 87*5 97 ft pi r cent. 

K. Tamaru, and 0. Grard noted an increase in BrineU's hardness of quenched 
0-89 per cent, carbon steel from 661 to 683 when li is tempered at about 112 1 
— vide infra , hardness. K. Tamaru found that the Kockacll hardnesses of armco 
and electrolytic iron, melted in vacuo, and of 0-2 per cent, carbon steel, melted in 
vacuo and in air, were : 
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B. N. Enlund inferred that martensite is transformed into tToostite at 100° to 200 , 
and that the reaction is most marked at about 110°, and that the retained austenite 
is decomposed at about 260°. This does not explain the initial hardening, for 
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troostitc should cause a softening. K. Tamaru concluded that the initial hardening 
is due to the transformation of unconverted or retained austenite into maitensite. 
The dilations 81/1 of 0-89 and 1-69 per cent, of carbon steels are shown in Fig. 47. 
These specimens do not show the expansion which should be caused by the 
transformation of retained austenite into martensite; rather do the specimens 
contract. This is because only a small proportion of austenite changes into 
martensite, and a considerable proportion of martensite changes into troostite. 
The Jatfccr change is attended by a contraction. The increased troostitc does not 
have so marked an effect on the hardness. Near 240° the transformation of 
retained austenite into martensite produces an expansion, and that of martensite 
into troostitc at 2 70°, a contraction. The sp. gr. determinations summarized in 
Fig. 48 show a maximum between 120° and 200°, and a minimum at about 270°, 
but not ihe effects of the expansion at 110°. These curves are similar to those 
obtained by E, Maurer — vide infra , sp. gr. K. Tamaru measured the sp. gr. of 
electrolytic and of armco iron, and of some carbon steels after cold-working and 
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tempering at different temp. The selection from the results shows that the sp. gl- 
are as follow : 
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The sp gr. of armco iron is decreased by cold- work, and the sp. gr. attains 
a maximum with tempering at 150° and a minimum at 4(X)°; the corresponding 
effects with steel are smaller. With armco and electrolytic iron rcmeltcd and 
solidified in vacuo, the change in sp. gr. produced by cold-work is slight ; but if 
rcmeltcd in air, the sp. gr. is normally decreased by cold- work. L. Aitchison, 
M G OknofT, E. 11. Schulz, L. A. Lamiing, M. A. Grossman, L. Aitchison and 
(3. if Woodvine, S. Sato, F. A. Livermore, W. Kohler, L. Traeger, A. M. Portevin 
and A SourdiJlon. V M. Sacger and E. J. Ash, and G. M. Eaton also measured 
the change in the vol. or sp. gr. of iron and steel by heat treatment. Obser- 
vations rif the mechanical properties of steels tempered at different temp, 
were made by A. Jung, 0. Thallner, 0. Hoffmann, It. Kiihnel, A. Michel and 
P. Bcnnzcl, N. B. Pilling, M. A. Grossmann, G. Welter, A. T. Adam, R. Hay and 

R. Higgins, P. Goerens, H. Srott, H. Scott and H. G. Movius, W. P. Wood, 

L. Aitchison, H. Bimbauni, G. M Eaton, R. Stotz and V. Henfling, M. (S. Oknoff, 
II. J. Coe, M. Sauvageot and H. Dolmas, F. T. Sisco, A. Bausclilieher, H. J. French, 

S. Curie, J. A. Mathews and II. J. Stagg, H. Bennok, K. Muurer, E. Giolitti, 
O. Tj. Harder and It. L, Dowdell, etc. ; A. M. Portevin and co-workers, H. M, llowe 
and A. G. Levy, and 0. R. Hayward and co workers, the effect of time on temper- 
ing ; S. L. Hoyt, and E. Murata, the effects of tempering on the internal stresses; 
W. Fraonkel and E. Hoymann, the change in the sp. gr. and electrical resistance 
during tempering; W. I*. Wood, and P. Chcvcnard, the volume changes; 
F. G. Sefmg, the energy changes ; W. Fracnkel and E. Hevmann, the kinetics of 
tempering ; A. M. Portevin, the relation of annealing to the phase rule and 
equilibrium diagram ; and E. F. Law, K. W. Zimmerschied, R. C. Gosrow, 
W. B. Crowe, E. J. Janitzky, II. J. French and 0. Z. Klopsch, J. A. Jones, 
and A. Schack, the influence of mass. 

In the Hajorana effect, observed by 0. Majorana, two similar specimens of 
iron or steel are prepared, one is heated to orange redness, and the other remains 
untreated ; the heated metal is then allowed to cool slowly ; both specimens are 
polished; if now they lie introduced into a very delicate thermostatic apparatus, 
the heat-treated specimen remains at a temp. 0-1° above the other for a few days 
After some weeks, the temp, difference disappears. The effect is more pronounced 
with steel than with iron, and is of doubtful occurrence in lead or copper. 

M. A. Schirmann confirmed this result and suggested that the heating drives off 
dissolved gases and that these are gradually reabsorbed with evolution of heat. 
This is confirmed by H. Kleine's observations that the electrical resistance of 
vacuum-annealed iron (or platinum) increases practically linearly if it bo allowed 
to stand in air over a period of five days. Similarly, when the gassed metal is 
reheated in vacuo % the resistance falls. E. D. Campbell and B, A. Soule observed 
similar effects. 

According to E. Heyn, and 0. Bauer, steel which had been hardened, but not 
tempered, Bhowed well-developed martensite needles, which remained uncolourcd 
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after being immersed for 10 mins, in a 1 per rent. soln. of hydrochloric acid in 
alcohol. When tempered between 100° and 200° the martensitio structure was 
not changed, but it was coloured yellow or brown by treatment with the alcoholic 
hydrochloric acid. After tcmjiering at 275° the acicular structure became coarser 
and behaved like mixtures of austenite and martensite, in that one eonstituent 
remained nncoloured while the other became dark. After tempering at 405° 
the martensitic needles disappeared and the sample appeared dark and mottled, 
suggesting a mixture of two relatively dark constituents- viz. troostite. After 
tempering at 500° the light-coloured areas became more abundant ; and after 
tempering at 600° irregular, rounded, light-coloured masses appeared which were 
surrounded by a darker network which was in relief. For theories of tempering, 
vide tmpm. theories of hardening. 

P. Goercns said that hardened mild steel becomes soft at 520° ; and H. M. Howe 
found that the temp, required to release the internal strains or completely to soften 
steel hardened by various degrees of cold- working, measured by the reduction of 
area by cold -work, are : 

Cold-work 4 8 12 16 25 50 per cent. 

Tempciahire 750° 750“ B50 550 550 450‘ 

,T. H. Andrew' and A. J. K Honeyman found that the tempering of martensite 
Wgins at ot below 150°, but is not complete at 360° in an hour. In a martens! to- 
austenitic steel the austenite may lie partially transferred at 150°, but below 260° 
the rate of ehange is very slow. It is complete below* 370° in carbon steels. The 
tempering of a pure austenitic Ni-Cr-steel does not begin until near 300°, and is not 
complete in an hour at 3G0° to 370 n . The presence of martensite thus appears 
to hasten the beginning of the austenitic transformation, but the pressure of the 
martensite thus produced inhibits the further tempering of austenite until more 
martensite is tempered, (w Ta minium and E. Scheil found that niartenflite begins 
to pass into pearlite at about 100°, and austenite at about 2fj0 L , H. Hanemann 
and L. Triiger found that hardened steel is fundamentally changed when kept in 
boiling water for 14 hrs. R. Hay and R. Higgins discussed the low-temp, changes 
m quenched carbon steels T. Matsushita and K. Nagasaw'u studied various 
physical properties of quenched carbon steels tempered at different temp., and 
concluded that the boundary temp for martensite and troostite are produced 
between about 100 ( and 300'; troostite at about 30(P ; troostite and sorbite 
between about 300’ and 400 r ; sorbite (osmondite) at about 400°; sorbite and 
granular pearlite between about 4tK)° and 500” ; and granular pearlite from about 
550° to the Ac 1 -arrest. If the rate of heating lie slower, the temp', here indicated 
should be lowered. They also said that when quenched steels. are heated at the 
normal rate 1 , a-martonsite is formed on tempering between 100° and 170 u , and 
^-martensite between 170° and 3(X)°. The product of the decomposition of 
martensite on tempering is free carbon, not cement ite ; and the precipitated carbon 
unites with iron, mainly between 300° and 400°, to form cement ite The subject 
was discussed by P. Chevenard and A. M. Portevin, H. Hanemann, A. Michel 
and P. Benazet, G. Kurdjumoff, M. Godcfroid, A. le Thomas, P. Roudid, and 
S. H. Rees. 

W. Fraenkel and E. Heymann measured the electrical resistance and sp. gr. 
of various steels at different stages of the process of tempering at different temp., 
and they found that in quenched martensitic steels the change from martensite to 
oamondite will continue till completion at all temperatures between 100° and 400°, 
but bellow 200° the change takes several months. The rate at which the trans- 
formation takes place is a function of the temp., and the temp, cocff. is of the some 
order of magnitude as that of a chemical reaction in a homogeneous solid phase. 
The nature of the ehange that ensues in the structure of the metal during tempering 
Ixstwoen 1(X)° and 400° can best be explained on the assumption that the dissolved 
carbon in the martensite reacts within the iron to form a mctastable carbide, FeCg.ioi 



IRON 


and that an intimate mixture of this substance and iron constitutes osmondite. 
Further heating of the metal above 400° results in the gradual formation of cement ite, 
followed by its agglomeration and crystallization to give with the excess iron the 
pearlite structure. The above theory is substantiated by an examination of the 
tempering curve as given by the change in electrical resistance ; this curve follows 
the kinetic law, - -dC/dt -- AX' 10 , where C is the amount of carbon in soln. after 
annealing for time, t The velocity of the change from martensite to osmondite is 
independent of the quenching temp, within the range of the y-phaRe, of the time 
of heating, and, within limits, of the carbon content of the steel. The sp gr. of 
the samples shows that austenite changes first to martensite and then to osmondite 
during the process of tempering. 

J. H. Andrew and co-workers studied the tempering of steels from the changes 
in their electrical resistance. The results show that the tempering involves a 
number of concurrent reactions, mutually dependent on one another. The process 
of tempering m martensitic steels may be divided into three reactions The first 
of these is the separation of carbon from soln , accompanied by a fall in resistance 
proportional to the amount separating. The precipitated carbon is not removed 
from the system, but remains present as free carbide, the accumulation of which 
results in an increase of resistance proportional to the amount of carbon precipitated. 
This constitutes the second reaction. These two reactions proceed simultaneously, 



and give rise to an initial rupid fall of resistance. The state attained at the end of 
the primary rapid separation of carbon is not permanent, but the subsequent 
reaction is slower, and can be conveniently isolated. This final reaction is accom- 
panied by a gradual fall of resistance, probably due to a gradual increase m the size 
of the precipitated particles. These three simple processes combine to give the 
experimentally determined curves The rate at which carbon comes out of soln. 
was estimated by multiplying the fall in resistance per minute by a factor, 0*0334, 
expressing the ratio between the carbon in soln. and the resistance The calculated 
rates of separation of carbon from martensitic steels aie shown in Fig 49, and from 
austenitic steels, in Fig. 50. The results show that martensitic steel tempers much 
more rapidly than austenitic steel, and that martensite cannot accumulate at the 
tempering temp. The martensite found in an austenitic chromium steel tempored 
for 3 hrs. at 250° must have been formed during the cooling. Austenite, indeed, can, 
temper in two different ways : Blowly at a constant temp., and more rapidly when 
the temp, is falling. At a constant temp, austenite appears in effect to temjicr 
directly to troostite ; martensite is only retained when the austenite is decomposed 
by cooling. The rapid breakdown during cooling is of the same nature as the lower 
change point designated Ar", Fig. 46 ; the slow change at constant temp is similar 
to that which occurs at the ordinary A x - or A'-point. The resistance curves and the 
electrode potential curves indicate that the state attained by tempering at temp 
below 650° is different from that obtained by annealing. At each temp, the steel 
attains a definite condition, retaining a certain amount of carbon in soln, in the 
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ferrite, and this condition approaches closer to the annealed state, with pro- 
gressive decrease in the amount of dissolved carbon, as the tempering temp, is 
raised. Between martensite and pearlitc two states, t roost it e and sorbite, are 
generally recognized ; but it is ^ear that the transition from martensite to granular 
pearlite is progressive, and that, troostite and sorbite are merely characteristic 
phases in the gradual change. lYarlite, sorbite, and troostite do not differ in state 
of division alone. They differ also in the amount of carbon in Holn. in the ferrite, 
and to this may be attributed the remarkable difference in their properties, which 
is commonly ascribed to the state of division. A. Michel and V. Benazet studied 
the effect of cobalt, nickel, chromium, and tungsten on the transformations 

The film of oxide formed on the smooth, bright surface of the metal varies in 
colour with the temp, of tempering. These temper colours are a guide to the 
workmen who temper tools, etc. They are discussed in connection with the 
tarnishing of iron. It is there shown thut the time factor is ignored, since the 
same colour can be obtained by tempering for a given time at a given temp, or by 
tempering for a longer time at a lower temp. 0. Bams and V. Strouhal found that 
each tempering temp, corresponds with a maximum tempering effect, which is 
more quickly reached the higher the temp. At HXf, for instance, the maximum 
effect wu* not obtained after one hour, and maintaining the steel two hours more 
at that temp, had little additional effect ; at 200°, the maximum effect wus obtained 
in 10 mins. ; and at 300°, in one minute. E. G. de (lariolis and K. ,1. (Wun studied 
the heat tieatrnent of metals in atmospheres of oxygen, nitrogen, and carbon 
monoxide ; and 15. W. Esslinger, the effect of furnace atmospheres. 

J. A. Mathews observed that three pieces of the same hardened steel when kepi 
at 422 for 8. 20, and 40 mins., respectively, gave Brinell’s hardness numbers of *125, 
3t)0, and 310. In general, the rate of cooling from the tempering temp, is immaterial, 
but after tcmjieriiig for tioostite the steel is generally quenched ; in tempering for 
MJThitc slow euolmg may make the metal more fragile under shock, a fault referred 
to temper brittleness or blue britflrncss (y.r.). The combined carbon of steel may 
occur as a soln. of carbon or cementite in iron- hardening carbon ; and as crystalline 
cementite — cement carbon Jn tempering, the proportion of baldening carbon in 
martensite decreases and the proportion of cementite increases as the tempering 
temp, increases. E Jleyn thought t hat another form exists m hardened eutectoidal 
steel tempered below IU0 , because of the carbon remaining as a residue on treat’ 
ment w r ith dil. sulphuric acid. V. Osmond regarded the residue m E Heyn’s 
experiment to be derived from finely-divided cementite which formed below 1tK)° 
and which is decomposed by acid, whereas the cementite formed above 400' ia 
coarser grained and more resistant to the acid. F. Osmond found more heat is 
libeiated in the dissolution of hardened steel than is the case with unaimcalod steel 
- rule suput, cold-working; E. Hevn also observed that the heat liberated cm 
tempering loudened steel is a maximum at about 3(X) ; and 11. Schottzky, that the 
evolution ot heat when hardened steel i«. heated in W'utcr vapour indicates that some 
tempering omiis at 100 , and the evolution of heat increases with the proportion 
of carbon up to about 1*22 per rent , and then decreases. Hardened steel contracts 
at first when tempered, owing to the precipitation of some carbide, but the con- 
traction is followed by an expansion, owing to the transformation of austenite into 
more bulky martensite. 

Temper brittleness is exhibited mainly by alloy steels, although L. Grenet, 0 
R. A Hayward. F. Rogers, W. M. Carr, and others have reported it to occur with 
cnibon si eels. The temper brittleness is revealed by the notched bar or impact test, 
and not by the slow bending of plain bars or the tensile tcsl . Hence, the stresses 
applied to the si eel have to be localized to produce the brittle type of fracture repre- 
sented by temper brittleness. The tough state appears when the steels are quenched 
from their tempering temp., and the brittle state when they are cooled slowly. 
Specimens subject to the disease that appear tough after water-quenching become 
brittle w'hon cooled in the furnace . A sample of steel slowly cooled from 650'' to 
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250° gave an impact test of R ft. -lbs,, and when quenched from that temp, the teat 
wan 60 ft.-Ibs. L. Grcnet. Raid that the embrittling effect is regularly observed 
with stools containing over 0*2 per cent, of carbon, over 0*2 per cent, manganese, 
2 to 4 per cent, nickel, and 04 to 1-5 per cent, chromium, and that the effect is less 
regularly observed with steels containing a lower proportion of carbon. L. Grenet 
found the susceptibility to temper brittleness of acid open-hearth, electric furnace, 
and crucible steels to be in the ratio 4*7 : 2-2 : 1. Observations on this subject 
were also made by II, Brearley, It. II. Greaves and J. A. Jones, and Z. Jeffries. 
The mierost ruet ure shows no perceptible difference between the tough and brittle 
states in a given steel; but G. d’Huart observed that the blue brittleness and 
aireiug of steel nre attended by a precipitation of cementite; H. 1\ Philpot, Z. Jeffries, 
and R. S. Archer hold that the fraeture of the brittle steel is inleirrvstalline ; but 
W. Rosenhain said that it is practically impossible to recognize where the grain- 
boundaries are in oil hardened and tempered nickel-chromium steel ; while 
VY 11 Hatfield said that the fraeture is not intercrystalline, but rather along the 
deuvugc planes of the crystal grains; a number of physical properties has been 
examined m order lo find if any show marked differences between the brittle and 
tin* lough stales. 

B. II Greaves and J. A. Jones found that the sp. gr. of tough steel was from 
(MM104 to 0-0010 less than that of brittle st-cel, and when the tough steel was reheated 
to 200° the ditfeienee was greatly reduced. The difference due solely to toughness 
or brittleness is, at the most, one part in 20,000. When the effects of unequal temper- 
ing ure eliminated they could detect no appreciable difference in BrincH’s hardness 
of the two states. The electrical resistances of the two states were found to be the 
same within the limits of experimental error. The elastic limit of most steels m 
the brittle state is about 3 tons per sq. in. higher than the same steels in the quenched 
or lougli condition, but with moderate rates of cooling, or when the tough, quenched 
steel is subjected to low-temp, annealing, the elastic limits in the two states are 
equalized J<\ Rogeis said that the brittle steel is softer than the lough steel, but 
Ire did not eliminate the effects of the extra -tempering of the brittle steel. F. Rogers, 
and R. II. Greaves and J. A. .rones obtained, evidence that there may be an 
absorption of heal on heating and an evolution of heat on cooling through the 
brittle lange. L Guillet obtained no evidence of a difference in the brittle and 
tough conditions bv observations on the thermal expansion or thermoelectric force. 
J F. Kay.se r found that a steel subject to temper brittleness gave a 40 per eent. 
increase of magnetic reimmence when slowly cooled. The phenomenon w t uh studied 
bv W T Griffith*. J. 11. G. Monypenny, U. Kikkawa, II. V. Phil pot, J. II. S. Dicken- 
son, II Brearlev, L. Grenet, W. H. Hatfield, etc. The general results imlicutc that 
physical properties other than the notched bar test do show' slight differences 
between tough and brittle specimens. Thus, J. H. Andrew and H. A. Dickie found 
the sp. vol. and hardness of lough specimens is rather greater than w’ith brittle 
specimens ; K. Honda and R. Vamada found that the metal i r the brittle stage is 
rather more magnetic than when in the tough stage. W T . T. Griffiths discussed 
nitrogen as a possible factor in favouring the temper brittleness of steel. 
J. II. Andrew, G. W. Green, and R. H. Greaves and J. A. Jones noted the favour- 
able effect of phosphorus on temper brittleness ; R. H. Greaves and J. A. Jones 
observed that manganese favours temper brittleness, and m the presence of phos- 
phorus each element intensifies the action of the other one. R. H. Greaves and 
J. A. Jones observed that silicon favours temper brittleness; vanadium haH very 
little influence ; tungsten has no appreciable action ; molybdenum reduces or 
eliminates temper brittleness. 

Z. Jeffries suggested that the phenomenon might be due to the existence of a 
low -temp, allotropic modification of iron, but there is no confirmatory evidence of 
this. J. H. S. Dickenson considered that the temper brittleness is connected with 
some alteration of the amorphous, intercrystalline cement, and is llierefure confined 
to the layer, a few molecules thick, between the grains of sorbito-martensite. The 
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intercrystalline character of the fracture has not been established — vide supra, 
W. H. Hatfield said that the fracture is transcrystalline. 

On quenching from the tempering temp, the material has been trapped in a — from a 
crystalline standpoint — metastable condition, that in, the atoms would not have had tho 
opportunity of finally attaining their stable positions in the system of the crystals. If, 
after tenqicrjiig, the cooling be permitted to take place at a slow rate, resulting in a low 
impact value, the atoms have had the necessary time and opportunity to take up their 
stable nit nations in the crystal. The reason for the difference in manner in which the crack 
is extended is to bo found in the relative facility with which it can travel through tho 
diversely oriented crystals. In a perfect crystal, cleavage planes will offer planes of 
weakness along which the crack may readily run, whilst in the unstable state, in which the 
perfection of the arrangement is not attained, it is conceivable that the crack will not 
travel with the samn ease. 

R. H. Greaves and J. A. Jones examined the hypothesis that temper brittle- 
ness is due to the presence of a chromium oxide in the steel, but did not find it 
satisfactory ; nor did they agree with the hypothesis proposed by F. Rogers 
attributing the phenomenon to the presence of carbides. He said : 

On heating the steel to the dangerous zone, 450°, there is sufficient mobility of the 
carbides to fall uuf of solution whilst the nature of the mixture still remains very intunafc, 
i.e. there is no microscopically visible aggregation of the constituents ... at this stage 
(with probably a minimum of true solid soln. in existence) then* is a minimum toughness, 
since the material is essentially but a mixture of carbides and solvent intimate enough to 
have mechanical properties appreciably different from those of the solvent, hut lacking 
the toughness which it would have if infused throughout with a tough low concentration 
soln. Cooled in airy manner from this condition, toughness is not regained, for there is no 
solubility available to yield control below this temp. Heated to the (usual) higher zone, 
in which there is a degree of solubility, toughness is produced, provided that the cooling 
through the danger zone be rapid enough to prevent the dissociation of soln. so formed. 

J. H. Andrew and H. A. Dickie assumed that the temper brittleness is caused 
by the carbides separated on the grain-boundaries along the solubility line below 
the A r arrest, and they demonstrated the presence of boundary carbides in brittle 
specimens of nickel steel. The theory was advocated by K. Honda and R. Yamada, 
who showed that the brittle metal is more magnetic than the tough metal, in agree- 
ment with the observation that carbide dissolved in ferrite diminishes its magnetiza- 
bility ; and they also showed that the electrical resistance 
on a rise of temp, is greater than on a falling temp, owing 
to the dissolution of carbides. A nickel-chromium steel 
liecomes non -susceptible to temjicr brittleness when it is 
free from carbon. The carbides here in question are 
cementite and a complex iron-chromium carbide ; nickel 
carbides are probably absent because of their instability, 
and the nickel is present in solid soln. in the iron. As 
R. Yamada has shown, with a carbon steel the solubility of 
cementite below the Aj-point, Fig. 51, varies from 0*04 to 
zero as the temp, falls to room temp., during which period 
on the boundary of the ferrite grains. Nickel-chromium 
steel will have a greater solubility than carbon steel for the carbides, and just 
below the Appoint this solubility decreases, at first rapidly and then gradually 
as the temp, falls, until at room temp, the solubility of the carbides will be very 
small or zero. If the specimen be cooled slowly from 650°, the carbides separate 
on the boundary of the crystal grains and cause temper brittleness. K. Honda 
and R. Yamada added : 

The sorbite structure which is obtained by tempering a quenched steel consists of a fine 
mixture of cementite and ferrite, and has a great resiAtanco against llie impact test as 
compared with the pearlite; while in a steel quenched, tempered, and slowly cooled the 
carbides present on the boundaries of the sorbitic grains make tho material very brittle, 
so that the susceptible ratio ot impact values in these two specimens becomes very large. 
If the above view is correct, tlie sorbitic structure is not always necessary for the suscepti- 
bility, and the pearlitic nickel-chromium steel, when quenched from 600° to 050° v should 
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have a greater impact value than the same steel slowly cooled from the name temp. But 
here the susceptibility ratio must be much smaller ,■ because the pearlite offers much less 
resistance than the sorbite to the impact tost, while the grain boundary lias tho same 
strength as before. 

Rufuuehcks. 

1 A. T. Adam, Foundry Trade Joitrn 16. 227, 11)14 ; T. Andrews, Proc , Inst . Civil Eng., 118. 
350, 1864 ; .1. 0. Arnold, ib., 128. 127, 1806 ; T. Baker and T. F. Russell, Joum. Iron Steel Inst., 
101. i, 341, 1920 ; C. 0. Bannister, 16., 69. i, 161, 1906 ; F. Bsrdenhauer, Stahl Eisen , 46. 1098, 
1925 ; 0. Bams, Bull . V.S. Oeol. Svr., 73, 1801 ; 94, 1892 ; Amer. Joum . Science, (3), 82. 190, 
1886 ; .1. M. Batchelder, Joum. Franklin Inst., 8. 133, 1844 ; H. Bomstein, Fuels Furnaces , 7. 
1377, 1929; H. Brearley, Foundry Trade Joum., 15. 769, 1913; M. Brfo, Rev. Mil., 10. 797, 1913 ; 

G. M. Brown, Joum. Iron Steel Inst., 107. i, 512, 1923 ; C. F. Brush, Trans. Amcr. Inst. Min . 
Eng., 62. 17, 1919 ; B. Buffet and H. Thyssen, Rev. Univ. Mines , (7), 18. 5, 1928 ; G. K. Burgess 
and O. W. Quick, Tech, Paper Bur. Standards , 235, 1923 ; G. K. Burgess and R. W. Woodward, 
ib., 209, 1922 ; W. Campbell, Joum. Iron Steel Inst., 64. it, 359, 1903 ; A. Campion, Joum. West 
Scotland Iron Steel Inst., 7, 72, 98, 1899 ; 8. 23, 83, 1901 ; Foundry Trade Joum., 42. 88, 1930 ; 
R. Garrick, Proc. Brit. Foundrymeris Assoc., 196, 1914 ; G. Charpy, Joum. Iron Steel Inst., 98. 
ii, 7, 1918 ; Rev. MR., 15. 427, 1918 ; Q6nie Civil, 70. 109, 1917 ; Stahl Eisen , 87. 740, 1917 ; 
F. Chevenard, Corrupt. Rend., 188. 1670, 1929 ; J\ Chevenard and A. M. Portevin, Rev. MR., 
22. 357, 1925 ; W. Claus and It Honsel, (liesscrci , 18. 399, 437, 459, 476, 499, 1031 ; E. G. C(*er, 
Proc. Inst. Aeronautical Eng., 511, 1925 ; Joum. Soc. Arts, 75. 1017, 1033, 1000, 1927 ; E. F. Cone, 
Iron Age, 96. 1294, 1915 ; 97, 1310, 1916; F. B. Coyle, Trans. Amer. Soc. Steel Treating, 12. 
446, 1929 ; E Crepaz, Atti Congresso Chim. Puro Appl , 3. 380, 1930 ; G. Dclanghc, Oinie Civil, 91, 
243, 271, 297, 1927 ; C. H. Dench, Proc. Roy. Soc., 125. A, 028, 1929 ; J. Descolas and E. Fr6tet, 
Rev. MR., 20. 597, 1923 ; W. F. Ihirfee, Joum. Franklin Inst., 162. 110, 1890 ; F. C. Edwards, 
Foundry Trade Joum.. 80. 519, 1924 ; J. 11. Edwards, II. L. Whitmore and A. H. Stang, Joum. 
Research Bur. Standards, 4. 395, 1 930 ; .1 . V. Emmons, Iron Trade Rev., 50. 450, 1912 ; G. M. Enos, 
Metals Alloys, 1. 595, 1930; B. Epstein and H. S. Rawdon , Trans. Amer. Soc. Steel Treating, 12. 
337, 413, 1 927 ; Research Papers Bur. Standards, 14, 1928 ; Joum. Research Bur. Standards, 1. 423, 

1928 ; M. Etlisch, M. Folyani and K. Weissenberg, Zeit.phys. Chem., 99. 332, 1921 ; J. D. Everett, 
Phil. Trans., 156. 360, 1866 ; D. Ewen, Intemat. Zeit. Mdallog., 6. 1, 1914 ; A. N. F&rfourine, 
Proc. Russ. Met. Soc., 91, 192B ; Rev. MR., 27. 220, 1930 ; W. S. Farron and G. 1. Taylor, Proc. 
Roy. Soc., 107. A, 422, 1925; 11. Favro, Svr unc nouveUe rn Rhode optique de determination des 
tensions inXirieures, Paris, 1929 ; H. Fay and S. Had lam, Metallographist, 4. 31, 1901 ; E. W. Fell, 
Joum. Iron Steel Inst. — Carnegie Mem., 16. 101, 1927 ; C. F. Flolliott, Bull. Rensselaer Polyt. 
Inst., 17, 1927; A. Fry, Stahl Eisen, 41. 1093. 1921 ; P. Galy-Ach6, Rev. MR., 10. 585, 1913; 
P. Galy*Ach6 and M. Charbonnier, Mim. ArtiUene Marine, 28. 39, 247, 1900 ; ,1.1). Gat, Blast 
Furnace Steel Plant, 15. 1 73, 271 , 279, 1927 ; Trans. Amer . Soc. Steel Treating, 12. 337, 376, 1927 
R. L. Gcruso, Heat Treating Forging . 17. 139, 1931 ; H. Giorsberg, Veber Arbeitsverbranch, Kristal- 
lisatwn Y er/estigung und ihre Temperaturabhangujkc 1 1 bei der Verformvng der Mr tulle , Breslau, 1927 ; 
P. Goerens, Rev. MR., 10. 608, 1337, 1913 ; Joum. Iron Steellnst. — Carnegie Mem. ,8. 320, 1911 ; 
Ferrum, 10. 226, 260, 1913 ; A. F. Golovin, Proc. Russ. Met. Soc., 89, 1928 ; N. P. Gobs, Trans. 
Amer. Soc. Steel Treating, 16. 405, 1029 ; 17. 241, 1930; G. W. Green, Trans. Faraday Soc., 
17. 139, 1921 ; (). V. Greene, Trans. Amer. Soc. Steel Treating, 17. 798, 1930; T. W. Greene, 
Mech. Eng., 40. 124, 1927 ; J. N. Greenwood, Trans. Faraday Soc., 17. 123, 1921 ; L. GuiUet, 
Rev. MR., 10. 665, 1013 ; M. Hamasumi, Arch. Einenhuttenuiescn, 1. 157, 1927 ; M. Hanriot, Rev. 
MR., 10. 505, 1913 ; 0. E. Harder and W. H. Johnson, Trans. Amer. Soc . Steel Treating , 15. 49, 

1929 : 0. E. Harder, L. J. Weber and T. E. Jurabel, ib., 13. 061, 1928 ; W. H. Hatffeld, Trans. 
Faraday Soc., 17. 30, 1921 ; C, H. Herty, J. M. Gaines, B. M. Larsen, W. A. Simpkins, P. L. Geraso 
and fi. P. Watkins, Bull. Carnegie Inst. Tech., 34, 1927 ; G. II. Herty, B. M. Larsen, 
Y. N. Krivonok, R. B. Norton, H. E. W r ilev, A. W. Kykes, and J. E. Jacobs, ib., 45, 1929 ; P. Rey- 
mans, Rev. Vniv. M\nes, (7), 6. 207, 1025 ; E. Heyn, Stahl Risen, 27. 1309, 1347, 1907 ; 37. 442, 
474, 497, 1917 ; H. D. Hibbard, Joum. Iron Steel Inst., 72. 14, 608, 1906 ; R. Hohage and 
R. Rollett, Arch. EisenhiUtenwesen, 3. 233, 1929 ; K. Honda, T. Matsushita and W. Idei, Joum. 
Iron Steel Inst., 108. i, 251, 1921 ; B. HopkinBOn, Proc. Roy. Soc., 74. 498, 1904 ; H. Hort, Mitt. 
Inst. Forschungsarb., 41, 1907 ; Zeit. Yer. dent. Ing., 51. 1831, 2100, 1907 ; E. Houilremont, 

H. KalJen and K. Thomsen, Stahl Eisen, 46. 073, 1026 ; E. Houdremont and H. Muller, ib., 50. 
1321, 1030 ; J. E. Howard, Trans. Faraday Soc., 17. 1 17, 1921 ; Eng . News Rec., 80. 812, 1918 ; 
H. M. Howe, Iron, Steel, and other Alloys, Boston, 263, 1903 ; H. M. Howe, F. B. Foley and 
J. Winlook, Trans. Amer. Inst. Min. Eng., 69. 702, 1923 ; H. M. Howe and E. G. G roes beck, Proc. 
Amer. Soc . Testing Materials, 20, ii, 37, 1920 ; H. M. Howe and A. G. Levy, Proc. Clei'eland Inst . 
Eng., 218, 1914 ; S. L. Hoyt, Trans. Amer . Soc. Steel Treating , 11. 509, 658, 1926 ; O. F. Hudson, 
B.A.Rep., 428, 1013 ; K. Hubers, Rohrenindustrie, 21. 453, 473, 1928 ; R. Hugues, Compt, Rend., 
180. 2043, 1025 ; J. G. W. Humfrey, Trans . Faraday Soc., 17. 47, 1921 ; J. litaka. Proc. Acad. 
Tokyo, 7. 337, 1931 ; F. Jansen, /IrrA. Eiscnhuitenwesen, 1, 147, 1927 ; T. M. Jasper, Engg., 118, 
343, 1924 ; Z. Jeffries, Tram. A mer. Inst. Min. Eng., 58. 669, 1917; Z. Jeffries and R. R. Archer, 
Chem. Met. Engg., 27. 833, 1922 ; J. 1). Jrvons, Engg., 123. 155, 221, 1927 ; Joum. Iron Steel 
Inst., Ill, i, 191, 1925; R. Job, Metallographist, 5. J77, 1902; R, 8. Johnston, Joum. Iron 
Steel Inst., 112. ii, 341, 1925 ; H. C. Jones, Engg. News, 27. 5, 1892 ; J. A. Jones, Chem. Trade 



700 


INORGANIC AND THEORETICAL CHEMISTRY 


Journ 70. 323, 1022 ; W. Kerr, Journ. Glasgow Tech. Ceil., 2. 230, 1030 ; H. G. Keshian, Trans. 
Atner. Soc. Steel Treating, 17. 321, 1930; A. L. Kimball, Amer. Machinist, 08. 7, 61, 1025; 
F. KOrber and E. Siebel, Mitt. Jnst. Eisenforschung, 10. 15, 1928 ; V. N. Krivobok, Trans. Amer. 
Soc. Steel Treating, 8, 703, 1026 ; H. K. Landis, Amer. Manf., 59. 1)08, 1897 ; B. M. Larsen and 
A. W. Sykes, Trans. Atner. Soc. Steel Treating , 14. 355, 1928; E. L. Leasman, Trans. Amer . 
Fovndrymen « Assoc., 22. 169, 1913 ; F. Leitner, Stahl Eisen, 50. 1081, 1930 ; P. Lndwik, Arch. 
Eisen h Utten wesen. 1. 537, 1928; K. Mailandor, Stahl Eisen, 51. 602, J 1)31 ; Krvpp's Monatsh , 
12. J3M, 1931 ; H. Malzaclier, Stahl Eisen, 47. 2108, 1927 ; E. E. Marbakrr, Foundry Trade 
Journ., 41. 153, 1929; E. Marcotte, Arts MHiers , 80. 117, 170, 1927; E. Marke, Arch. 
Eisenhutte wre sen. 2. 861, 1929; S. S. Marlin, M eta llogra phis / , 5. 191, 1902; G. Masing, Stahl 
Eintn, 45. 1787, 1925; T. Matusehka, Journ. Iron Steel Jnst., 124. n. 301, 1931 ; T. Matsu- 
shita and S. ldei, ib. t 103. i, 251, 1921 ; E. Maurer, Stahl Eisen , 48. 225, 1928 ; K. H. Moyer, 
Die Kristalhtenorientierung im Kvpfir vnd Eisen und ihre Bedeutvng fur den WalzVvrgang, 
Gottingen. 1926 ; M. Morn lion, Bull. Soc. Mulkovse , 61. 629, 1H92 ; Heme Civil , 21. 365, 1892 ; 
J. Muir, Phil. 7'rans., 108. A, 1, 1902; E. Murata, Kmzoku no Ktnlcyu, 6. 87, 1929; 
A. Nadei. R. V. Baud and A. M. Wahl, Mech. Engg., 52. 187, 1930 ; K. Nagasawa, Science Bep. 
Tohoku Vniv ., 20. 299, 1931 ; V. C\ Nix and E. Schmid. Zeit. Metallkumle, 21. 286. 1929 ; Mitt. 
MnterialprUfungsanst., 79, 1930 ; P. OberhofTer, Stahl Ei*en, 45. 223, 1925 ; 1*. Oberhoffer and 
A. Heger, ih 43. 1151, 1923 ; A. Ono, Mem. Engg. Kyoto Vniv., 8. 267, 1925 ; B. Osann, Stahl 
Etsen. 33. 2136, 1913 ; W. Parker. Engg.. 127. 799, 1929 ; II. PiiimI, (Jtesserei Ztg 27, 436, 1930 ; 
A. 4. S. Pipp&ul and C. V. Miller, Proc. Inst. Mech. Eng.. 2. 1153, 1023 ; E. Pitois, Lc grain de 
racier , Paris, 1926; H. Poellein, Festigkuts- und Gtfugeunterschungen an kaltgeva/zten vnd 
gegluhten Bandstahlen vcrschiedener Vnrbehandlung, Diisaeklorf, 1929 ; E. P. Polushkin, Bep. 
Engg. Foundation. 6, 1923; A. Pomp, Stahl Eisen, 40. 1261, 1366, 1403, 1920; A. Pomp and 
II. Poellein, Mitt. Jnst. Else nf or whang, 11. 155, 1929; Arch. Eim nhuttenwesen, 3. 223, 1929; 
A. Pomp and W. E. Schmid, Mitt. Inst. Eisenforschung, 11. 109, 1929; A. M. Portevin, Rev. 
MG., 10. 808, 1913 ; 21. 729, 1924 ; 22. 179, 1925 ; 26. 68, 1929 ; Journ. Iron Steel Inst.. 108. 
ii, 71, 1923 ; Bull. Soc. Chun., (4), 41. 96J, 1927 ; Compt. Rend.. 167. 531, 1918 ; A. M. Porlovm 
and 1\ Chevenard, *6., 188. 1670, 1929; H. S. Rawrlon, Trans. Faraday Soe.. 17. 110, 1921 , 
P. R£gnauld, Rev . Mil., 24. 509, 1927 ; F. Robin, ib., 11. 489, 1914 ; 10. 722, 1913 ; Bull. Soc. 
Ing. Cu its, 64, 1913 ; F. Rogers, Journ. Iron Steel Inst.. 85. i, 379, 1912 , W. Bohn, Zeit. Mitull - 
bunde, 18. 387. 1926 ; R. T. Rolfe, Metal lnd.. 24. 501, 525, 55 J. 1924, W. IWnhaLn, Metal- 
lurgibt, 4. 168, 1928 ; Trans. Faraday Soc., 17. 2, 1921 . W. RoseiiUain and 1) Hanson, Journ . 
Iron Steel Inst , 102. », 23, 1920 ; P. A. Russell, Foundry Tradt Journ., 88. 65, 1928 ; T. F. Russell, 
Journ. Iron Stul Inst., 107. i, 497, 1923 ; G. Sachs, Bohiemndustrie, 21. 453, 473, 1928 ; Mitt. 
Matenalprufungsanst., 43, 1930 ; S. Sato, Science Rep. Tokokv Vniv , 20. 140, 1931 ; A. Sam our. 
The Metallography and Heat Treatment of Iron and Steel , Cambridge, Mass., 182, 1926, 
Melallographst, 5. 197, 1902 ; Journ. Franklin Jnst., 177. 501, 1914 ; K. Schafer, Giessen i Ztg., 
11. 249, 1914 ; E. Schmid, Reitroge zur Kennlms der Ttxtvr Kaltrnforrntcr Metalle , DuRseldorf, 
1929; Mitt. Matenalprufungsanst. . 26, 1930; E. H. Schulz and J. Goeliel, Stahl Eisen, 40. 
1479, 1920; H. Scott, Snent. Paper Bur. Standards, 513, 1925; F. G. Sefing, Bull. Eng. Exp. 
Station Michigan Vn\\ ., 13, 1927 ; J. Seigle, Gen . ic Ctril, 90. 576, 1927 ; Zat. Mctallkunde, 19. 
352, 1927 ; Rev. Ind. Min., Ill, 149, 1930; S. Sekito, Science Papers Tnhuku Unir., 16. 343, 
1927 ; 17. 679, 1227, 1928 ; Zeit. Kryat.,QI. 285, 1928 ; T. M, Service, Foundry Trade Journ. ,42. 
266, 291, 1930; E. Siehel and A. Pomp. Mitt. Inst. Eiunforschung , 8. 15, 1926, O. Sirovicli, 
Ital. Met., 22. 555, 1930 ; S. G. Smith, Foundry Trade. Journ., 15. 208, 1913 ; J. M. Snodgrass and 

F. H. Guldncr, Bull . Eng. Exp. Station Illinois Vniv., 129, 1922; J. B. Sommerville, Journ. 
Tech. Coll. Glasgow, 1. 22, 1926 ; W. Spring, Bull. Acad. Bclg., 1066, 1903 ; F Ntablein, Krupp's 
Monatsh , 12. 93, 1931 ; A. Stadeler, Ferruin , 11. 271, 1914; A. H. Stang and T. W. Greene, 
Tech. Paper Bur. Standards, 243, 1023; J. E. Stead and A. W. Richards, Journ. Iron Steel Inst., 
64. n, 119, 1903 ; 0. W. Storey, Trans. Atner. Foundrymen's Assoc., 23. 460, 1914 ; B. Strauss 
and A. Fry, Forging Heat Treating, 8. 225, 1922 ; Stahl Eisen, 41. 1093, 1133, 1921 ; O. G. Htyrie, 
Die Warmebehandlung des Statues, Berlin, 1929 ; W. Tafcl, Stahl Eisen, 41. 1321, 1921 ; 
L Takaba and K. Okuda, Arch. Eisenhlittenwcsen, 1. 511, 1928; G. Tammann, Zeit, tech . 
Phys., 7. 531, 1926; Zeit. MetaUbunde, 21. 277, 1929; Metals Alloys , 1. 392, 1930; 

G. Tammann and A. IFcinzel, Zeit. anorg . Chem 167. 173, 1927 ; Arch. EisenhUltenwescn, 1. 
663, 1928; G. Tammann and H. H. Meyer, Zeit. MetaUbunde, 18. 339, 1920; A. le Thomas, 
Foundry Trade Journ., 38. 414, 1928 ; Compt. Rend., 185. 1595, 1927 ; M4m. Soc. Ing. Civils, 88. 
193, 1930 ; H. P. Tiemann, Iron Age, 93. 956, 1914 ; J. F. Tinsley, Yearbook Amer. Iron Steel 
Inst., 130, 1914; Iron Age, 93. 1320, 1914; C. A. Trask, Amer. Machinist , 30. 77, 1907; 
T. 11. Turner and J. 1>. .Jevons, Journ. Iron Steel Inst., 111. i, 169, 1925 ; A. Wagner, Giesserei 
Ztg., 27. 403, 1930 ; H. Wedding, Journ. Iron Steel Inst., 27. i, 187, 1885 ; Stahl Eisen, 11. 879, 
1891; F, Wever und E. Schmid, Mitt. Inst. Eisenforschung., 11. 109, 1929; It. Whitfield, 
Metallurgy, 4. 29, 3931 ; A. W. Whitney, Iron Trade Rev., 30. 13, 1897 ; Iron Age, 59. 12, 
1897 ; Journ. Franklin Jnst., 168. 267, 1897 ; H. V. WiJJc, Proc. Amer. Soc. Testing Materials, 
15. ii, 27, 1915; A. Wingham, Journ . Iron Steel Inst „ 60. ii, 272, 1901; W, E. Woodward, 
ib., 117. i, 661, [1928 ; M. G. Vatscvitcli, Army Ordnance, 11. 297, 1931 ; (J. I). Young, 
G. I). A. Pease and C. II. Strand, Trans . Amer. Inst. Min. Eng., 48. 424, 1914; K. Yuasa, 
Journ. Eng. Tokyo Unir., 18. 271, 1930; E. Zingg, P. Oberhoffer and E. Piwowarsky, Stahl 
Eisen, 48. 721 , 752, 1929. 



IRON 


701 


1 H. W. McQuaid and E. W. Ehn, Trans. Amer. Inst. Mm. Eng., 67. 341, 1022 ; E. W. Ehn, 
Jourr Iron Steel Inst ., 106. i, 168. 1022; Trans. Amer. Noe. Steel Tt eating, 2. 1177, 1022; 
«T. 1>. Gat, ib., 12. 376 f 1927 ; 8. Epstein and H. 8. Rawdon, Jmirn. Research flnr. Standards, 

1. 423, 1028 ; Trans . Amer. Soc. Steel Treating, 12. 337, 1027 ; O. E. Harder, L. .1. Weber and 
T. E. Jorabek, i b., 18. 961, 1928. 

• R. R. Abbott, Joum. Amer. Six. Mech. Eng., 37. 267, 1915; Iron Age , 89. 1153, 1912 ; 
ileeh. Eng., 80. 20, 1012; E. Abruzzese, Mefallogiafia a Irattnmenti it mm i ddl'actuus, Napoli, 
1930 ; A. T. Adam, Joum. Iron Steel Inst.- Carnegie Mem.. 10. 65, 1020 ; J. Adamson, Turns. 
Inst. Marine Eng., 17. 199, 1906; K. Aders, Emfiuss des AUerns auf das Verhaltrn u'cuhen 
Stabler bei Srhmngungs-beanspruckungen , Rerim, 1030 , (». Agricola, Ih natvra fussihum, 
Basilur, 1546; De re imtallua, Basilic, 117, 1553; London, 1912; J. 11. Andrew, Joum. 
Tech . CoU. Met. Club., 7. 1928 ; Iron Coal Trade Rev., 110 427, 1923 , T/ans. North-Last Coast 
Inst. Eng. Shipbuilders, 36 355, 1920; W. R. Angel], Trans. Amer. Soc. Nttel Treating , 17. 
262, 1930 ; Anon., Richter Gehiauch cf Alchxmei, Frankfurt a. M , 1531 ; A projitabh boh dtcUinng 
dyuers approoved remedies , London, 1683; The laboratory, or, St hoot of Arts, London, 120, 
1739; also 1810; Thomas Aquinas, S. Thomcr Aqmiuitts, praclanstima commeutaua in hbros 
Aiistutelis per i hermenux et posterwrum analyticorvm, Venctiih, 1502, Phyruorum, Liber 
QuartuM, Lectio XIX, pp. 00 67 ; ,T. O. Arnold, Engg., 64. 41), 1897 , 11. 11 Ashdown, P/or. 
Ind Mich. Eng., 225, 1917, F. Baron, Sylva syltan/m, Loudon, 215, 1628; E. C. Ram and 
W. N. N. Waring, Trans. Amer. Soc. Steel Treating, 15. G9, 1929; J. H. Raker, Iron Agt , 78. 
858, 1006, A. Barba, El art t dc los metales, Madrid, 1637; New \oik, 1923, A L. Bates, 
Com pi. Rend , 1B3. 35, 1931 , Trans Amer. Soc Steel Treating , 19. 449, 1031 ; O Bauer, Mitt. 
Matn inlprufungsanst., 5- 12, 1929; Stahl Ei sen. 25 1245, 1903, H. V. Boynton, Journ Iron 
Steel Inst., 67. l, 252, 1904; L. Berk, lhe Cvschuhtt dts Euan*, Rnvuiiwilivvc jg. 1 401, JH91 ; 
J. .1. Bechet, Physica subtenunta, Lmsirt, 452, 1703 , O. M. Rcrker, High Spetd SUds, New 
York, 1910; H H. Been\, Foundry Trade Journ , 40. 229, 251, 1929, N T Belaiew, Joum. 
Iron Steel Inst., 121. j, 449, 1930 ; A. E. Beilis, Trans. Amer. Sot Steel Treating, 2. 398, J922 , 
Trans. Amer. Inst. Min Eng., 58 696, 1918 ; C. Benedirks, Rn . Met., 5. 5. 1908 ; Metallo- 
graphy Rftteauhtb, New Yoik, 55, 1926 ; Ruhinhc* physiques et phystcockimiqws sut Vann au 
i urban* , Cpsala, 1904, Rev. Met., 6 1S9, 1909; Joum. Iron SUd Inst., 77 li, 153, 1908; 
86. ii, 201, 1921 ; 89. i, 180, 1914, J. Je R6gue, Expenmentu de colonbus, Hibliotheque Royal 
dii Pan*, 1431 T Bergman, lh analyst fim , Upsula, 1781 ; Opust ula phynm et thtrnica, 
Upsala, 3. 1, 1783; C. L. Berthollet and CL Monge, Mem. Acad., 132, 1786; Ihdoirc de 
VAcadtmn Royal des Snenns, Rhuh, 132, 1788, S V. Biclznsk^, Ru. Met., 10. 493, 1913; 
Proc. Russ. Met. Soc., 396, 1912 ; (\ M Bigger, Mcch Eng., 31. 380, 1913 , H. Birabaum, Die 
Ardassvorgange t m geharteten Stahl und ihrt Reemflussung dutch Niltzturn und Nukd, Dusseldorf, 
1928 ; J. Blaik, Lectures on the Elements of Chemislry, Edinburgh, 2. 505, 1803 ; E Blass, Stahl 
Eistn, 24. 1371, 1904, J. W. Ballon, Iron Age, 114. 820, 1925; Robert Boyle, History of 
Fluidity and Firmness. London, 1000 , The Origin of Fwmis and Quantitu*, Oxfoid, 35, 1067 ; 
H. M. BuylHton, Fuels Futnaus, 4. 1036, 1926, 5. 297, 1927 ; L. C Brant, Phys. Rn , (1), 
29. 485, 1909; 8. N. BiajHhaw, Engg. Produtiwn, 8. 99, 1925; Engg., 119. 382, 1925, I tans. 
Luerpool Eng. Soc., 46. 120, 1920 ; J. K. Breant, Hull. Soc. Enc. A fit. Ind (1). 22. 222, 1823 ; 
Quart. Journ. Science, 18. 380, 1825 ; Ann. Mines, (1), 9. 319, 1824 ; Ann. Phil., 8. 267, 1824 ; 
Ann. Chtm. Phyt> , (2), 24. 388, 1823 ; H. Brearley, Thi Heat Treatment of Tool Steel, London, 
1911 ; Proc. Brit. Foundrymen'e Asstn., 237, 1912; J. A. Bnnell, Baumuteiialunkund* , 5. 270, 
294, 317, 364, 392, 410, 1900; 11. 0, 1906, Jernlcontorels Ann , (2), 56. 219, 1001 ; Dingln's 
Journ., 317. 419, 1902; Memoire sur Us tpreuves a bdU in aatr, Bans, 1900; C. F. Brush, 
Proc. Amer. Phil. Soc., 56. 353, 1917, T/ans. Inst. Mm. Eng., 62. 17, 1919, C F. Brush and 
R. A. llttdfield, Proc. Roy. Soc., 93. A, 188, 1917 ; 0. F. Brush, R. A. Hadfaeld and H. A. Main, 
ib., 95. A, 120, 1018; 11. Busch, SamnUung Berg. Ilutt. Abhand., 15, 1907; E. I). Campbell, 
Journ. Iron Steil Inst., 92. n, 104, 1915 ; ^ . Campbell, Proc. Amer. Soc. Testing Materials, 10. 
193, 1910; A. Campion, Mech, Eng., 28. 172, 1011 ; ¥, Cainus, L'urt de tremper les ferret led 
oners, Rouroi, 1840; H. Cardanus, De substitute, Lugduni Batavorum, 1580; H. Caron, 
Compt. Rend., 77. 830, 1873 ; H. C. 11. Carpenter and ,1. M. Robertson, Joum. Iron Sted Inst., 
121. i, 417, 1930 ; R. Chamley, Traitement thcrrmque et tssais des mitaux, Baris, 1928 ; G. Clinrpy, 
Bull. Sue. Chim., (4), 8. i, 1908 ; Compt. Rend., 151. 399, 1910; H. le Chatoher, Rev. Met., 1. 
184, 303, 473, 1904 ; 2. 25, 1905 ; Compt. Rend., 165. 172, 1917 ; B. Chevenard, xb., 164. 885, 
1005, 1017 ; 166. 50, 1017 ; 166. 682, 1018 ; Joum. Iron Steel Inst., 104. ii, 117, 1921 ; Rex. 
Ind. Min., 209, 1030; MetaUborse, 20. 1828, 1930; Rev. Met., 16. 17, 1019 ; 14. 001, 1917; 
B. Chevenard and A. M. Portevm, Rev. MB., 18. 428, 1921; 28. 417, 503, 540. 1931 ; Joum. 
Iron Steel Inst., 104. u, 116, 1921; Cteme Civil, 99. J72, 1931; Compt. Rend., 188. 107, 1920; 
191. 408, 523, 008, 1059, 1930 ; W. F. Chubb, Heat Treating Forging, 16. 481, 1930 ; L. Clouet, 
Joum . Mines, 9. 3, 1799; NtchoUoris Journ., 3. 131, 1800; Rapp. Inst. Nat . Parts, (1), 2. 81, 
1798 ; Ann . Chtm . Phys., (1), 28. 19, 1708 ; (1), 31. 328, 1799 ; F. Cioup, Compt. Rend., 166. 
415, 1918; F. H. Colvin and K. A. Juthe, The Working of Steel Annealing Heat Treating and 
Hardening of Carbon and AUoy Steel, New York, 1021 ; E. F. Cone, Iron Age , 91. 1049, 1913 ; 
J. Cournot, Compt , Rend., 171. 170, 1020 ; Rev . MB. 17. 508, 1930 ; F. B. Coyle, Metals Alloys, 

2. 120, 1031 ; J. A. Cramer, Elemewta artw ducumasticce, Leyden, 1730; W. J. ("rook, Metal, 
Progress, 18. 47, 1830 ; W. J. Crook, D. J. Martin and J. W. Halley, West. Mach. World, 21. 311, 
1930 ; J. Curran, Iron Age, 121. 134, 1928 ; H. Damemme, Essat pratique sur Vempki ou la 



70S 


INORGANIC AND THEORETICAL CHEMISTRY 


manikredetravaiUerVacier, Paris, 1835 ; E. F. Davis, Fuds Furnaces, 9, 153, 1931 ; St* J. V. Day, 
The Prehistoric Use of Iron and Steel, London, 134, 1877 ; P. Dejean, Rev. Univ. Mines, (8), 14. 
265, 1922 ; (6), 15. 425, 1922 ; Rev. Met., 18. 419, 1921 ; Compt. Rend., 166. 334, 429, 1917 ; 169. 
1403, 1919 ; 171. 791, 1920 ; G. Delbart, ib., 180. 934, 1925 ; J. Demesto, Lettres sur la chymie. 
Paris, 1779 ; L. Demozay, Journ . Iron Steel Inst., 76. iii, 144, 1907 ; 8. E. Derby, Iron Trade 
Rev., 69. 674, 1921 ; G. H. Desch, Trans. Faraday 8oc. t 10. 255, 1915 ; J. Durand, Compt . Rend., 
176. 522, 1922 ; G. M. Eaton, Tran*. Amer. Sac . Steel Treating, 12. 794, 1927 ; 18. 819, 1929 ; 
G. Ede, The Management of Steel, London, 1866 ; B. Egelierg, Trans. Amer. Sot. Steel Treating, 

18. 46, 1927 ; E. W. Ehn, Metal Progress , 20. 59, 1931 ; W. Eilender, Metal Alloys, 1. 732, 1930 ; 
Arch, EisenhUttenwesen, 8. 659, 1930 ; M. Eraolius, De coloribus ft arttbus Romanorum (c. 1450) in 

' E. E. Raape, A Critical Essay on Oil Painting, London, 101, 1781 ; 11. Esser and W. Kilrndcr, 
Arch. EisenhUttenweseh, 4. 113, 1930; Stahl Risen, 60. 1616, 1930; E. W. EsaUnger, Metal 
Progress, 18. 60, 1930 ; M. von Eulenspiegel, Journ. Iron Steel Inst,, 47. i, 452, 1 895 ; G. S. Evans, 
Foundry, 48. 219, 1915; A. Evrard, Bull. Soc. Ind. Mm., (3), 3. 1063, 1889; H. Fay, Proc. 
Amer. Soc. Testing Materials , 11. 422, 1911 ; Iron Age , 88. 25, 1911 ; R. B. Fehr, Bull. Penn- 
sylvania State Coll., 11. 84, 1917 ; F. M. Feldhaus, Ihe Technik der Vomit., Leipzig, 515, 1914 ; 

G. FeodoB&ff, Brit . Pat. No. 9457, 1888 ; J. Ferguson, Proc. Glasgou' Phil. Soi'. 17. 206, 1886 ; 

19. 126, 1888 ; 25. 224, 1894; F. FetUuu, Stahl Risen, 39. 1, 34, 1910; W. Fraenkel and 
E. Heym&nn, Zeit. anorg. Chem., 134. 137, 1924 ; G. Franche, Traitement theirnigve de Vacier et 
ses cssois, Paris, 1926 ; H. J. French, Chem. Met. Engg., 25. 155, 1921 ; Trans. Amer, Soc. Steel 
Treating, 17. 646, 798, 1930 ; H. J. French. G. S. Cook and T. E. Hanrill, iVj., 16. 217, 1929 ; 

H. J. French and T. E. Hamill, ib., 16. 711, 1930; Journ . Research Bur. Standards , 8. 399, 

1929; H. J. French and 0. Z. Klopsoh, Tech. Paper Bur. Standards, 296, 1926; 313, 1927, 
Trans. Amer. Soc. Steel Treating , 6. 251, 1924 ; 9. 33, 1926 ; L. H. Fry, Journ Iron Steel Inti., 
96. i, 119, 1917 ; C. H. Fulton, H. M. Henton and ,1. H. Knapp, Iron Trade Rtv., 73. 943, 1099, 
1240, 1369, 1483, 1493, 1603, 1728, 1923 ; 74. 293, 300, 411, 551, 671, 799, 917, 1049, 1161, 
1309, 1434, 1560, 1687, 1924 ; 75. 355, 487, 595, 673, 807, 939, 1087, 1924 ; L. Gages, Essai sur 
la throne gimk&h des octets, Paris, 1899 ; J. Galibourg, Compt. Rend., 188. 993, 1929 ; Rev. 
MR., 26. 334, 1929; M. L. V. Gayler, Metallurgist, 91, 1930 ; C. E. GellerL, AnfungsrUnde der 
Metallurgischen Chymie, Leipzig, 1750; L. de Gerando, Les fers et les acters modemes et leurs 
proprUUs mfaaniques et Rectnques, Paris, 1884 ; R. L. Geruao, Heat Treating Forging , 17. 139, 
1931 ; T. Gill, Ann. Phil., 12. 58, 1818; F. Giulitti, Chem. Met. Engg., 24. 113, 161, 1021 ; 
J. R. Glauber, Explicatio tractatuh , Amstelodami, 43, 1656; N. P. Goss, Trans. Amer. Soe. 
Steel Treating, 16. 405, 1929; 18. 182, 1931 ; E. Graleau, Qtnie Civil, 2. 238, 1863; 
L. Grenet, BuU. Soc . Ind . Mm., (4). 12. 101, 191, 1911 ; (5), 8. 237, 1915; Journ. Iron Steel 
Inst., 84. ii, 13, 1911 ; Compt. Rend. Soc. Ind. Mtn., 401, 1913 ; Centralities sur les traitements 
thermigues des alliages, St. Etienne, 1916; Trempe recuit , cementation et conditions d'emphn 
des aciers , Paris, 1911 ; E. Greulich, Stahl Risen, 60. 1397, 1930; M. A. Grossman, Iron Trade 
Rev., 75. 168, 215, 1924 ; W. Guertler, Zed. MetaUkunde, 22. 78, 1930 ; L. Guillet. Trhitemeitts 
thermigues des produits mitallurgigues, Paris, 1909 ; Rev. MR., 8. 489, 1910 ; 10. 665, 1913 ; 

19. 162, 1922 ; Rev. Gin. Sciences, 31. 523, 564, 614, 1920 ; La trempe et It revenu des produits 

mRaUurgiques, Paris, 1921 ; Chim. Ind., 7. 211, 1922 ; L. Guillet, J. Galibourg and M. Ballay, 
Compt. Rend., 181. 538. 1930; L. Guillet and A. M. Portevin. Rev. MR., 22. 52, 1926; 
H. Haedicke, Stahl Risen, 17. 900, 1897 ; 8. Haedicke, Stahl Risen, 24. 1239, 1904 ; P. J. Haler, 
Mech. Engg., 40. 1187, 1927; Heat Treating Forging, 13. 490, 1927 ; Fuels Furnaces, 8. 
1655, 1930; J. H. Hall, Proc, Amer. Soc. Testing Materials, 13. 514, 1913; T. E. Hamill, 

Metal Progress, 20. 55, 1931 ; Journ. Reseanh Bur. Standards, 7. 655, 1931 ; H. Hanemann, 

Internal. Zeit. MetaUog., 4. 248, 1913; Stahl Risen , 81. 1365, 1911; H. Hanem&nn and 
R. Kuhnel, ib., 88. 1686, 1913; H. Hanemann and A. Schrader, ib., 51. 045, 1931 ; Arch. 
Risenhiittenuesen, 4. 475, 1931 ; O. E. Harder and tt. L. Dowdell, The Decomposition of the 
Austenitic Structure in Steels, Minneapolis, 1927 ; BuU. Univ. Minnesota Met. Series, 1, 1927 ; 
Trans. Amer. Soc. Steel Treating, 11. 217, 391, 683, 781, 939, 1927 ; 12. 51, 1927 ; J. F. Harper 
and R. S. MacPherran, Iron Age, 110. 1007, 1922 ; J. W. Harsuh, Heat Treating Forging, 13. 
372, 1927 ; Machinery, 80. 436, 1927 , Automobile Eng., 17. 304, 1927 ; W. H. Hatfield, 
Journ. Iron Steel Inst., 122. ii, 215, 1930 ; D. Hattori, Journ. Soc. Mech. Eng., 82. 27, 1929; 
Science Rep. Tohoku Univ., 18. 665, 1929 ; R. Hay and R. Higgins, Journ. Tech. Coll , Glasgow , 
4. 62, 1027 ; 2. 73, 1929 ; R. A. Hayward, Chem. Met. Engg., 20. 519, 1919 ; J. Hubert, Tech. 
Modemc, 18. 65, 1926 ; C. G. Heiby and G. (kilos, Amer. Machinist , 86. 487, 1011 ; W. Heike 
and W. BrenBcheidt, Arch. Risenhiittenuesen, 4. 99, 1930; A. Heller, ib., 67. 797, 903, 971, 
1927 ; J. F. Henkel, Pyritologia, Leipzig, 1725 ; F. R. HenseJ, Tech. Publ . Amer. Inst. Min. 
Eng., 414, 419, 1931 ; 0. T. Hewitt, Iron Age, 106. 67, 1920 ; E. Heyn, Berg. HiiU. Ztg., 68. 317, 
1904 ; E. Heyn and O. Bauer, Mitt. MaterialprUf, 24. 29, 1906 ; Stahl Risen, 26. 778, 915, 991, 
1806 ; H.. D. Hibbard, Iron Age, 110. 1492, 1922 ; V. E. Hillman, Forging Heat Treating , 12. 444, 
460, 1926 ; Trans. Amer . Soc. Steel Treating , 1. 161, 1921 ; E. Hitzel, Rev. MR., 12. 684, 1915 ; 
T. Hobbes, Dialogue physicus de naiura aerie, London, 2862 ; 0. Hoffmann, Qualitdtsstdhle , 
Krefeld, 1907; K. Honda, Science Rep . Tohoku Univ., 11. 19, 1922; 14. 165, 1925; Trans. 
Amer . Soc. Steel Treating, 4. 450, 1923 ; K. Honda and S. Idei, Science, Rep. Tohoku Univ., 8. 
601, 1920; K. Honda and K. Iwase, Trans. Amer. 8oc. Steel Treating, 11. 999, 473, 1027 ; 
K. Honda and T. Murakami, Science Rep . Tohoku Univ., 8. 143, 1020 ; Ki Honda and A. Osawa, 
i6., 18. 47, 1828 ; K. Honda and K. Tamaru, Trans . Amer, Soe. Steel Treating, 18. 85, 125, 1828 ; 



IRON 


708 


Bounce Rep. Tohoku Univ., 17. 69, 1928 ; H. M. Howe and A. G. Levy, Trans. A mer. Inst, Min . 
Eng., 47. 587, 1913 ; J. E. Hurst, Foundry Trade Journ., 43. 385, 395, 1930 ; Jrnn Steel Jnd ., 
4. 91, 1030; W. P. lshewsky, Intemat. Zeit. Metallog ,, 6. 199, 1914; E. Jarolnnek, Oesterr . 
Zeit. Berg . HtiU., 24. 70, 1876 ; Z. Jeffries and R. 8. Archer, The Sriente nf Metals, Now York, 
425, 1924 ; Chem. Met. Engg., 24. 1057, 1921 ; Trans. Amcr. Soc. Steel Treating, 4. 203, 1923; 
C. M. Johnson, A mer. Machinist, 33. 539, 1910; B. E. Jones, Hardening and Tempering Steel , 
I London, 1911; P. Jordan, Von Staked and Eysen, Maintz, 1802; A. Jung, Stuthr nber die 
Emwerkung thermischer Bthandlung auf die FcstigkntseigoisihnfU n i tnd (he Mikiodrulctur 
hyper eutektoides Stable, Berlin, 1911 ; H. Jungbliith, Arch EisfnhuUuiu'iMen, 4. 533, 1931 ; 
Krupp's Monatsh „ 12. 106, 1931; H. Kal|>erfl, Z&dr. Europ . (Jassem Ztg., 2. 9, 1929; 
M. Kawakami, Kinzoku no Kenkyu , 7. 57, 1930 ; R. Kirwun, Essay on Phlogiston and the Con- 
stitution of Acids, London, 134, 1787 ; H. (\ Knerr, Forging and Heat Treating , 10. 319, 385, 
419, 459, 1024; 11. 18, 54, 95, 125, 166, 194, 243, 264, 283, 322, 361, 386, 420, 1925 ; 12. 9, 52, 
99, 127, 212, 275, 330, 392, 428. 451, 1927 , 13. 103, 144, 237, 379, 420, 1927 , H. B. Hmiwlton, 
Trans. Amer. Soc. Steel Treating, 7. 378, 1925 ; 8. 484, 1925 ; 9. Ill, 615, 781, 954. 1926; 10 
638, 071, 1926; 11. 450, 790, 1927; 12. 106, 479, 814, 1927; 13. 142, 848. 1928, 14. 127, 
3(H), 414, 580, 1928; Heat Treatment — Uses and Properties oj Steil, Cleveland, Ohio, 1929; 

F. Korbor, Stahl Risen , 46. 217, 261, 1925; F. Korber and A. Drevei, Mitt Inst, Rivenf orach., 
2. 59, 1921 ; W. Hosier, Arch. EtStnhMenvxsen, 2. 503, 1929 ; 3. 553, 1930 ; MM Alloys, 1. 
571, 1930; Zeit. MetollkuncU , 22. 289, 1930; J. B. Kommers, Amer. Machinist, 42. 551, 1915; 
E. Kothny, Stahl- und Temperguss., Berlin, 1926; H. von KroecJuitz, Alitl. Einenforsch. 
Inst., 2. 193, 1932; A. Kruger, Arch. Eisenhuttenwesen, 3. 721, 1930, Stahl Eisen, 50 
768, 1030, R. Kuhnel, Intermit. Zeit. Metallog , 3. 225, 1913; E. F. Luke, (Compositions and 
Heat Treatment of Steel , New York, 1911 ; Amer. Machinist, 30. 152, 289, 1907 ; Machinery, 
19. 690, 1913; F. C. A. H. Lantsberry. Amer. Machinist, 33. 109, 1919; E. L. Le unman, 
Trans. Amer. I 1 o undry men's Assoc., 22. 169, 1913; l\ Lejeune, Rev. AIM., 2. 299, 1903; 
8. 394, 1906; N. ljemery, C ours do chymw, Pans, 1675; A Course of Chemistry, London, 
131, 1686; H. Lent and F. Roller, Arch. Eisenhuttenwesen, 2. 173, 1928; L. A. Levat, 
Compl. Rend., 128. 945, 1896; A. Libavius, Commentarwrum ulihunio , Francofurti, 1606, 
E, las boil no, Qenie fin/, 13. 22, 1888; Eng., 65. 439, 1H80; M. Lister, PhJ. Trans., 17. 865, 
1693 ; J. Locke, Essay on Human Understanding , London, 1689; B. H. de Long andF. It. Palmer, 
Trans. Amer. Soc. bird, Treating, 13. 420, 1928 ; P. Long mini, Journ. Iron Steel Inst., 76. in, 137, 
1907; W. G. Lottes, Trans. Amer. Soc. Steel Treating, 1. INI, 1921 ; H. Lupfurt, Vtryltu hende 
U ntersuchungen uber die Warmcbchandlunq angest Izttr Stable, Caiiuslarit, 1929; G. V. Luurssen, 
Trans. Amer . Soc. Steel Treating . 17. 161, 1930; ,). Lund, Amer. Machinist, 42. 505, 1915, 
A Lundgren, Journ. Iron Stetl Inst., 114. u, 225, 1926 , Lngg., 122. 309, 1926 ; D. J. Me Adam, 
Chem Met. Engg., 25. 613, 1921 , A. McCance, Journ. Iron Stcil Inst , 99. i, 560, 1919; Con- 
tribution a la thcorn de la trnnpe, Pans, 1916; G. \V hoc, Page's Wiekly, 25. 434, 1914; 
P. E. M ('Kinney, Trans. Amir . Soc. Sttd Tienhny, 6. 51, 1921 , P. J. Maiqucr, Dichovnaire dt 
chymic, Paris, 1766; Albertus Magnus, Ik vmu rultbus it rtbus metallic is, Ckilonue, 370, 1569; 
E. E. Maibukei, Iron Aip , 122. 282, 192S , V . MaigucuUc, Huhtrchen sur Vacxerahon action 
de Toxyde de turban et du carbon sin U Ju , Puns, 1805, Ann. Chun. Phys., (4), 6. 55, 1865; 

G. Muring, VergUtbarkut von Lcqtnungcn und ncuaitu/e AUerungretsche in ungen bewt Risen, Berhn, 
1928; Zeit. Metallkunde, 22. 90, 1930, E M.uki, Arch. EiscnhkUenwcse n, 2. 861, 1929; Stahl 
Risen, 52. 262, 1932 ; E. R. Markham, The Aim in an Sled M other. New York, 1903 ; G. Musing, 
Arch. EisenhuitenweMii, 2. 185, 1928, Stahl Linen, 48. 1472, 1928 ; J. A. Mathews, Journ. Iran 
Steel Inst., 112. u, 209, 1925 ; Ttrtns. A mer* Inst. Aim . Eng., 71. 568, 1925 ; Proc. Amcr. Inst. 
Testing Materials, 14. n, 50, 1914 ; J. A. Mathews and H. J. Stugg, Trans. Avici. Soc. Mech. 
Eng., 86. 845, 1914 ; 37. 141, 1915 , T. Matsushita, Science Rep. Tohoku Univ., 7. 43, 1918 ; 8. 79, 
1910 ; T. Matsushita and K. Nagusawa, ib., 16. 639, 901, 1927 ; Jo am. I ton Steel Inst., 116. u, 
311, 1927 ; E. Maurer, Met., 6. 33, 1909 ; R. F. Mehl, Iron Steel Canada, 13. 265, 287, 1930; 
E. Menzel, Das Harten von Stahl und Risen, Berlin, 1927 ; J. Mereicr and V. Michouliei, Rev. 
Mit., 26. 171, 1920 ; F. 8. Merrills, Iron Coal Trades Rev., 120. 367, 1930 ; W. J. Merton, Trans. 
Amer. Soc. Steel Treating, 7. 23, 1925; A. Mens and 0. Pfannenschmidt , Zeit. anorg. Chem., 
167. 241, 1927 ; W. Metcalf and J. W. Langley, Trans. Amer. Soc. Civil Eng., 27. 382, 1892; 
A. Michel and P. B£nazet, Compt. Rend., 188. 912, 1920 ; 192. 163, 1031 ; E. C. Miller, Heat 
Treating Forging, 13. 362, 1027 ; J. B. Morey, Trans. Amer. Soc. Steel Treating, 2. 63, J921 ; 
L. B. G. de Morveau, Nouv. Mem. Dijon Acad., 6. 406, 1785 ; Encyclopedic method iquc, Paris, 
1. 436, 1786 ; An Essay on the Mystery of Tempering Steel, London, 1771 ; K. Munckor, Samm- 
lung Berg. HiUt. Abhand., 22, 1008; A. Mumper, Heal Treating Forging, 13. 444, 1927 ; 16. 
460, 1930; T. Murakami, Scunce Rep. Tohoku Univ., 7. 217, 1918; E. Murata, Kimoku no 
Kenkyu, 6. 97, 1929; P. Murmoch, Iron Coal Trades Rev., 72. 458, 1906; P. von Musohen- 
broek, Phyaicce expenmentales el geometric ve dissertations , Lugdum Batavoruro, 1729 ; F. Nehl, 
Zeit. Bayerische Rev. Vex., 1. 315, 324, 1928; Stahl Eisen, 40. 472, 1020; B. Neumann, Zeit. 
Ekktrochem ., 22. 175, 1923 ; Stahl Eisen, 89. 1105, 1919 ; K. Neumann, Lectwncs von i tier 
subjectis chymicis, Berlin, 1732 ; Isaac Newton, Opticks, London, 363, 1721 ; W. Nicholson, 
Natural Philosophy, London, 1762 ; H. de Nolly, Bull. Soc. Ind. Min., (5), 4. 371, 1013 ; H. de 
Nolly and L. Veyret, Journ. Iron Steel Inst., 90. ii, 165, 1014 ; P. Oberhoffor, Stahl Eisen, 83. 
891, 1013; P. Oberhoffar and F. Weisgerber, ib., 40. 1433, 1020; 1. Obmafca, Mem. Ryoyun 
CM. Engg., 2. 815, 1930 ; F. Osmond, Transformation du fer et du carbons dan lesfcra, les actors. 



704 


INORGANIC AND THEORETICAL CHEMISTRY 


et les f omits blanches, Paris, 1888 ; Joum. Iron Hieel Inst., 87. i, 38, 1890 ; C. Otto, Sammlung 
Berg. Unit. Abhand , 37, 1909 ; W. H. Pep>B, Phil. Trans., 185. 371, 181ft ; L. B. Pfeil, Joum. 
Iron Steil Inst., 118. ii, 107, 1928; N. B. Pilling and T. 13. Lynch, Trans. Amer. Inst. Min. 
Eng., 62. 666, 1919 ; E. Piwowarsky, HUM Eisen, 45. 2001, 1926 ; C. H. Plant, Iron Sled Ind ., 

I. 85. 113, 159, 193, 250, 1927; A. Pomp, Stahl Eistn , 40. 1201, 1365, 1405, 1920; 50. 440, 
1930 ; Zeit. Bayerische Iiev. Ver., 2. 681, 1929 ; A. M. Portevin, Compt. Rend., 175. 959, 1922 ; 
Mem. Aitillerie Francaise, 103, 1927; Chem. Ind., 2. 1139, 1919; Bull. Hoc. Enc. Eat. Ind., 
182. 198, 297, 1920 ; Joum. Iron Steel Inst., 99. i, 469, 1919 ; ('onsidt rations generates relative- 
ment d nos connaismnces concernant It trempe tie Vacier et den all \a gen m&alliquctt, Liege, 1922 ; 
Rtv. Met., 16. 141, 1919 ; 19. 267, 713, 1922 ; 20. 521, 1923 ; Mtm. Rev. Ind. Mm., 258, 1931 ; 
A. M. Portevin and M. Garvin, ('ompt. Rvnd., 164. 885, 1917 ; Iron Coal Trade Rev., 98. 599, 
1919; A. M. Portevin and M. SourdiLlon, He r. MH., 28. 348, 379, 1931 ; A. Poucholle, Ccmpt. 
Rend., 174. 611, 1922; G. W. IVesHoll, Amer. Drop Forger , 4. 273, 1918; F. Rapat/. and 
H. Pollack, Stahl Risen, 44. 1698, 1924 ; K. E. Raspe, A Critical Essay on Oil Painting, London, 
101, 1781 ; R. A. F. de Reaumur, Uart de converttr le fer forgfi en arier et d'adoncir le ferfondu , 
Paris, 280, 351, 1722 ; An Essay on the Mystery o* Tempering Sled, London, 1771 ; G. A. Rein- 
hardt and H. L. Gutter, Trans. Amer . Inst. Min. Eng., 62. 420, 1919; K. Reiser, Das Udrten 
des Stahlis, Leipzig, 1881 ; London, 1903; K. Kim bach, Forging Heat Treating, 10. 40, 1924; 
S. Rmnian, Anledniny till Stahl- och Jernforudhngen, Stockholm, 1772 ; \V. ('. Robert k- A usten, 
On the Hardening and Tempering of Sted, London, 1889 ; On the. Heat Treatment of Steel , 
London, 1904 ; M. Koliertson, Safety in Mines Research Board , 59, 1930; F. Robin and 
P. Gartner, Rev. Mkanique, 28. 4, 1911 ; P. Kohland, Baumtiterialit nkvnde, 7. 270, 1902; 
Chem. Ztg ., 28. 569, 1904 ; W. Rosenhain, Joum. Iron Steel Inst., 110. n, 85, 1924 ; L. Rov, 
Aeiers Spkiaux, 4. 75, 171, 1929 ; K. Ryd, Tele Tide, 57. 52, 1027 ; G. Sachs, Zeit. Meta Ilk' unde , 
17. 85, 1925; Trans. Amer. Inst. Min. Eng. Mttals Div., 39, 1931 ; G. Sue Lin ami \\ . Sten/d, 
Metnllmrtxchftft, 9. 950, 1030; Mitt. Mater lalprufvngsanst., 48. 38, 1031 ; (\ Salrniiwus, Rxercitn- 
Hones Phniancc, Lugduni Katavorum, 763, 1689 ; R. M. Sandberg, Fuels Furnaces, fl. 53, 1928 ; 
S. Sato, Science Rep. Tohoku Unir., 18. 303, 1929; F. Sauerwald, Arch. Risen hu ttenire sen, 3. 
365, 1929; M. Sauvageot, Compt . Rend., 178- 297, 1921 ; M. Sauvagcot and H. Dclinan, lit r. 
M et., SO. 777, 1923; Compt. Rend., 176, 1310, 1923; A. Sauveur, Fuels Furmuti, 9. 1019, 
1931 ; A. Schack, Arch. Exsen hitttenwe sen, 2. 287, 1928 ; A. Schleicher, Rtv. Met., 24, 293, 1927 ; 
E. Schuz, HUM Eisen, 44. 116, 1924; E. Schuz and R. Stotz, Der Temperguss , Berlin, 1930; 
11. Scott, Hcient. Paper U.S. Bur Standards, 395, 1920 ; Trans. Amer. Hoc. Steel Treatiruj, 6. 13, 
1924; 9.277,1926; Trans. Amer. Inst. Min. Eng., 62. 689, 1919 : 67. 100,1919; Sc tent. Paper 
U.S. Bur. Standards, 335, 1919 ; ,L Seiglc, R(V. Ind. Min., 256, 260, 1931 ; B. V. Kheperd, Trans. 
Amer . Hoc. Steel Treating, 17. 90, 1030 ; R. M. Sherry, Met. Chem. Engg., 10. 666, 1912 ; E. Simon, 
Marten und Vergvlen, Berlin, 1924; F. T. Sisco, Trans. Amer. Soc. Steel Treating , 13. 305, 659, 
871, 1928; 14. 859, 1928; 16. 950, 1930; O. Smalley, Foundry Trade Joum., 23. 246. 1923; 
E. K. Smith, Trans. Amer . Fovndrymen s Assoc., 31. 295, 1923 ; W. Smith, Joum. Soc. ('hem. 
Ind., 9. 144, 1888 ; G. E. Stahl, Fundamental chymue dogmatics et experimentalis, Norimbcrgie. 
1723 ; J. E. Stead, Proc . Cleveland Inst. Eng., 79, 1916 ; Joum. Iron Steel Inst., 53. i, 145, 1898 ; 
54. ii, 137, 1898 ; S. S. Sleinberg, Proc. Russ. Met. Soc., 613, 1912 ; Stahl Eisen, 50. 1164, 1930; 
Rev. Mel., 10. 502, 1913 ; S. S. Steinberg and W. Suboff, Stahl Kist w, 51. 91 1. 1931 ; Metallurgist , 7. 
131, 1931 ; B. Stoughton, Iron Age, 113. 15, 1924 ; ('hem. Met. Engg., 30. 554. 1924 ; 7'rans. Amtr. 
Foundrymen's Assoc., 19. 451, 1911 ; B. Strautw, Krupp's Monatsh., 2. 81, 1921 ; (‘. E. Ntromoyer, 
The Injurious Effect of a Blue Heat on Steel and Iron, London, 1887 ; Memorandum Manchester 
Steam Users' Assoc., 1, 1922; Joum. Iron Steel Inst., 73. i, 200, 1907 ; 75. iii, 86, 1907 ; 79. 
i, 404, 1909 ; H. Styrie, Trans. Amer. Soc. Steel Treating, 1. 286, 1919 ; T. Sutnki, Science Rep. 
Tohoku Untv., 10. 93, 1921 ; YV. P. Sykets and Z. Jeffries, Trans. Amer. Soc. Steel Treating, 12. 
871. 1927 ; O. Tackon, Key to the Ancient Hippocratical Learning , London, 68, 1690 ; K. Tamaru 
Hull. Japan. Inst. Rhys. Chem . Research, 7. 1028, 1928 ; Science Rep. Tohoku Univ 18. 473, 
1930; G. Tammann, Zeit. Metallkunde, 22. 368, 1930 ; O. Thallnor, W erkzeugstahl : die Behand- 
lung dessdben bci den Arbeiten des SchmUdens, Old hens, Martens, etc., Freiberg, 1898 ; Phila- 
delphia, 1902; K, Theophilua, Minerulogia, Frauckfurt am Mayn, 1703; C. Tronaon du 
Coudray, Nouvelles experiences sur la fer, Upaala, 1775 ; D. K. Tbchernotf, Note sur la Constitu- 
tion et le travail de Vacier , Paris, 1866; JD. Uno, Chikashige's Aniv. Vol., 215, 1930; 

J. W. Urquhart, Machinery , 24. 230, 497, 640, 709, 1924 ; 22. 566, 642, 786, 1923 ; 23. 85, 198, 
268, 446, 681, 707, 832, 1924 ; Steel Thermal Treatment, London, 1922 ; Heat Treating Forging, 
17. 672, 1931; Basil Valentine, Chymieche Schriften, Hamburg, 506, 1717 ; Lelzte Testament, 
Strasaburg, 1. 34, 1651 ; London, 1671 ; 0. A. Vandermonde, C. L. Berthollct and G. Mongc, 
Mim. Acad., 132, 1786 ; IJistoire de V Academic Royal des Sciences, Paris, LJ2, 1788 ; A. Vieren- 
Ueel, Ulmc Civil, 84. 630, 1924 ; H. V. Ville, Proc. Amer. Soc. Tenting Materials, 15. ii. 27, 1915 ; 
O. Vogel, Stahl Risen, 19. 242, 1899 ; C. M. Walter, Forging Heat Treating, 14. 884, 1928 ; 
A. Weber, Die naturliche und klinstliche Aliening des gehdrteten Stahles, Berlin, 1926 ; J. J . Weoker, 
De secretis, Basileae, 523, 1857 ; Lyon, 667, 1596 ; H. Wedding, FerA. Ver . Beford. Gewerbfl 
228, 1902 ; O. Wedemeycr, Stahl Risen, 46. 577, 1926 ; 41. 1215, 1921 ; M. Wcidig, Verb. Ver . 
Beford. G eiver bfleisses, 90. 455, 1911; F. W ever, Natvrwiss., 18. 452, 1930; Arch. Risen- 
hUttenwesen, 5. 367, 1932 ; J. H. Whiteley, Joum. Iron Steel Inst., 106. ii, 89, 1922 ; E. Wiede- 
mann, Ber. deut. phys . Ges ., 9. 364, 1907; Beitrdge Qesch Nalurwiss. Arab., 3. 330, 1904; 
H. V. Wille, Proc . Amer. Soc. Testing Materials, 15. ii, 27, 1015; S. G. Williams, Joum . 



IRON 


705 


Aeronautical Soc., 31. 002, 1027; J. K. Wood, Am*>r. Machinist, 01. 443, 791, 1925; 
W. P. Wood, Chem. Met. Engg., 24. 345, 1921 ; Proc. Amer. Nor. Testing Materials, 4. 488, 
1923; J. V. Woodworth, Hardening , Tempering, Annealing, and Forging of Steel, New York, 

J903; F. L. Wright, Trane. Amer . Soc. Steel Treating , 13. 282, 1928; F, Wrighlson, Pror. 

Inst. Civil ting., 128. 163, 1896 ; (J. 1). Young, Vror. Amer . Soc. Testing Materials, 16. ii, 53, 

1010; Iron Age, 97. 1546, 1916; .1. B. Zabe, TraiU pratique de Part de iremper Vacier, le fer , 

la f ante, le cuivre , et le bronze, Paris, 1903. 

4 H. M. Howe, The Metallography of Steel and Cast Iron, Now York, 170, 1910 ; Eng. Min. 
Journ., 02. 557, 1896; 64. 367, 1897 ; Metallogruphist , 1. 150, 259, 1898 ; Trans. Faraday Soc., 
10. 265, 1914 ; Proc. Inst. Civil Eng., 123. 224, 1896 ; The Metallurgy of Sted, Now York, 35, 
1890 ; Journ. Iron Steel Inst., 48. ii. 258, 1895 ; 51. i, 525, 1897 ; Trans. Amer. Inst. Mm. Eng., 
28. 624, 1805 ; 31. 318, 1897 ; H. M. Howe and A. Sauvour, ib., 49- 1, 170, 1896 ; F. Osmond, 
ib., 37. i, 38, 1890 ; 49. i, 180, 1890 ; Transformations du frr et du carhone dans Its fers. Its orient 
et fontes blanches , Paris, 1888; Mem. Aritllerie , 24. 573, 1887 ; Mttalloyruphid, 3. 181, 275, 
1900; Bull. Soc. Enc. Nat. Ink (4), 10. 480, 1895 ; Ann. Mines , (8), 14. 1, 1888 ; F. Osmond 
and .7. Worlb, ib. t (8), 8. 5, 1885; f'ompt. fiend., 100. 450, 1885; N. K mini a, lit searches Elec- 
troterh. Lab. Tokyo , 123, 1923; K. Honda, (hem. Met. Engy., 25. 1001, 1921 ; Kinzoku no Kcnkyu, 
1. 1, 1926; Arch. Eisenhuttenwesen , 1. 527, 1928; Science Hep. Tohoku Lhur., 14. 105, 1925; 
18. 503, 1929 ; K. Honda and S. Sekito, ib., 17. 743, 1928 ; N. Sato, ib., 20. 200, 1931 ; S. Nekito, 
ib., 18. 69, 1929; IT. C. H. Carpenter, Proc. Hoy. Inst., 22. 481, 1919; C. A. Edwards, The 
Physicochemical Properties of Steel , Tendon, J04, 1920; Trans . Faraday Soc., 10. 248, 1015; 
Journ. Iron Site! Inst., 82. ii, 147, 1910 ; C. A. Edwanls and H. C. 11. Carpenter, ib., 89. i, 138, 
1014 ; L. Grcnet, Bull. Sor. ('him., (4), 5. 758, 1909; Rev. Mil., 22. 472, 1925; Compt. Rend. 
Soc. Ind. Min., 155, 1905: Journ. Iron Steel Inst., 84. ii, 13, 1911 ; A. Lode bur, ib., 44. ii, 53, 
1893 ; Stahl Risen, 14. 523, 1891 ; 15. 941, 1895 ; 17. 302, 436, 618, 1897 ; G. T. Beilby, B.A. 
Rep., 604, 1901 ; 557, 1903; Engy., 72. 513, 1901 ; 76. 451, 1903 ; Elcctrochcmist Metallurgist , 
3. 806, 1904; Aggregation and Flow of Solids, Loudon, 1921 ; Journ. Soc. Chem. Ind., 22. 1166, 
1903; The Surface Structure of Solids , Glasgow, 1903; Trans. Faraday Sot., 10. 212, 1914; 
K. F. Meld and B. J. Mair, Journ. Amer. Chem. Sue., 50. 55, 1028 ; B. I). Enlund, Jernkonlorcts 
Ann., (2). 83. 374. 1020; Journ. Iron S Iteel Inst., 113. i, 305, 1926; Varmlandska Berysmanna 
Forcn. Ann., 8, 1925; F. T. Sisco, Trans. Amer. Soc. Steel Treating, 14.767, 1928; 15.1027, 
1929; K. Heindlbofer and E. (#. Bain, ib., 18. 70, 1930; F. W. Harbord and T. Twynam, 
Journ. West Scotland Iron Sted Inst., 5. 193, 1898 ; F. Reiser, Das llarten des Stahls m Theorie 
und Praxis, Leipzig, 1881 ; (). Thallner, Stahl Risen, 18. 935, 1898 ; 19. 318, 1899 ; W. Metcalfe, 
Trans. Amer. Inst. Ming. Eng., 34. 079, 1903 ; R. J. Anderson and J. T. Norton, ib., 71. 720, 
1925 ; I). J. Me Adam, Chem. Met. Engy., 25. 613, 1921 ; W. L. Fink and K. R. van Horn, Journ. 
Inst. Metals, 44. 557, 1930 ; H. W. Gillelt, Metals Alloys, 1. 781, 1030 ; R. Vondracok, Inter not. 
Zeit. MetalLog., 6. 172, 1914; P. Chevenard, Rev. Met., 10. 17, 1919; A. Sauveur, The Metallo- 
graphy and Heat Treatment of Iron and Steel, Cambridge, Mass., 251, 1926; Trans. Amer . 
Inst. 'Min. Eng., 22. 540, 1894; 20. 803, 1896; 27. 840, 1890 ; 73. 859, 1926; Eng . Mm. 
Journ., 04. 489, 1807; Met. Chem. Engg., 13. 655, 1915; 25. 509, 1921; MetuUr*yraphist 3 2. 
264, 1899 ; Journ. Iron Steel Inst., 88. ii, 171, 1913 ; Iron Trade Rev., 58. 132, 1915 ; Rev . Mel., 
23. 392, 440, 1920 , A. loChatolior, Bull. Soc. Enc. Nat. Ind., (4), 10. 1336, 1895 ; H. le OhateUer, 
Rev. Gen. Sciences, 8. 11, 1897; Bull. Soc. C him (2), 45. 077, JH86; Metallographist, 1. 52, 
1898 ; Compt. Rend. 108. 1090, 1889 ; 109. 58, 18S9 ; Rev. Met., (5), 6. 661, 1900; L. Guillot, 
Bull. Soc . Enc. Nat. Ind., 101. 222, 1902; Rev. Met., 19. 102, 1922; E. Maurer, Mitt. Inst. 
Eisenfursrh., i. 39, 1920; W. Tofel, Ann . Physik, (4), 78. 465, 1925; .1. (). Arnold, Turn*. 
Faraday Soc., 10. 272, 1915; Proc. Inst. Civil Eng., 123. 127, 1890; Eng. Mm. Journ., 04. 
213, 1897 ; Engg., 04. 48, 592, 1897 ; Journ. Iron Sted Ind., 45. i, 107, 314, 1891 ; .1, O. Arnold 
and A. MeWilliam, ib., 55. i, 85, 1899 ; R. A. llodfield, ib., 55. i, 156, 1894 ; IL. C. H. Carpenter 
and C. A. Edwards, »&., 89. 1, 138, 1914 ; H.C. Bain, ( hem. Met. Engg., 25. 729, 1921 ; H. Styn, 
ib., 25. 313, 1921 ; A. Westgren, ib., 25. 041, 1921 ; E. lleyn, ib., 25. 728, 1021 ; P. J>. Men. a, 
ib., 20. 881, 1922; Cl. Sir o vie h and R. Ariano, Met. Ital., 14. 3, 37, 1022; H. Laser and 
W. Eilondcr, Stahl Risen, 50. 1610, 1930 ; Arch. Eisenhutteyiwesen, 4. 113, 1931 ; W. Eilendor 
and R. Wosmuht, ib., 8. 659, 1930; Metals Alloys, 1. 732, 1030; K. School, Arch. Risen - 
hiittenweaen, 2. 375, 1028 ; R. 8. Dean and J. L. Gregg, Trans . Amer. Inst. Min . Eng. —Metals 
Div., 368, 1927; K. 8. Loan, Chem. Met. Engg., 26. 965, 1022; G. Sachs, Mitt. Matenal- 
prufungsamt, 04. 99, 1026; Zeit. MetaUlcundc, 17. 85, 1925; W. T. Griffiths, Metallurgist, 2. 
51, 72, 89, 1926; J. C. W. Humfroy, Journ. Iron Steel Inst. — Carnegie Mem., 4. 93, 1912; 5. 
86, 1913 ; Trans. Faraday Soc., 10. 240, 1915 ; W. Rosonhoin aud S. L. Archbutt, Proc. Roy. 
Sot'., 90. A, 55, 1919 ; W, Rosenhain, Trans. Faraday Soc., 10. 286, 1915 ; Proc. Roy . *SV., 
99. A, 190, 1921 ; Metallurgist, 1. 102, 121, 130, 1925; Journ. Iron Steel Inst., 110. ii, 145, 
1924; Journ. Inst. Metals, 30. 3, 1923; An Introduction to the Study of Physical Metallurgy, 
London, 267, 1914; Proc. Roy. Soc., 99. A, 198, 1921 ; Engg,, 97. 661, 1911 ; Journ. lion Steel 
Inst., 89. i, 127, 1914 ; A. McCanoe, ib., 89. i, 192, 1914 ; Trans. Faraday Soc., 10. 257, 1015 ; 
C. 11. Dosch, ib., 10. 250, 255, 1914; R. Akermau, Journ, Iron Steel Inst., 10. ii, 504, 1879 ; 
C. Botub, Wied. Ann., 7. 383, 1879 ; Amer. Journ. Science , (3), 34. 1, 175, 1887 ; Phil, Mag,, 
(5), 7. 341, 1H79 ; (5), 28. 209, 1888 ; C. Bsrus and V. Strouha) Wied. Ann., Ii. 030, 1880 ; 20. 
525, 662, 1883; Bull. l/.S. Goal. Sur.> 14, 1885; 19, 1880; 27, 35, 1886; 42, 1887; Amer. 
Jowm. Science, (3), 31. 181, 386, 439, 1886; (3), 32. 20, 1887; G. Charpy, Compt. Rend., 
VOL. XII. 2 Z 



706 


INORGANIC AND THEORETICAL CHEMISTRY 


117. 850, 1803 ; 118. 418, 1804 ; Bull. Soc. Chtrn,, (4), 3. 1, 1008 ; J. H. Andrew, Internal. 
Zeit. MetaUog., 6. 30, 1014 ; W. von Mollendorff, ib,, 6. 45, 1014 ; C. Benedicks, MetaUographic 
Researches, New York, 64, 1026 ; Rev. Met,, 19. 5 06, 1922 ; Hecherches physiques et physico- 
chimiques sur Farter au carbons , Upsala, 1904 ; Jmnkontoret Ann., 71. 35, 1916; Zeit. phys . 
Chem., 88. 529, 1901; N. S. Kumakoff and S. F. Schemtschuschny, ib. r 84. 140, J907; 00. 
1, 1908; Jahrb. Rad. EleJctron ., 11. 1, 1014; A. M. Portevin, Considerations gMaraUs relative- 
ment d nos ctmmtssances concemant la trempe de Vacier et des alliages mdtaUigues, Li£ge, 1922 ; 
Z. Jeffries, Trans . A met. Soc. Steel Treating , 18. 369/ 1928 ; Z. Jeffries and R. S. Archer, Trans. 
Amer. Soc . Steel Treating , 10. 718, 1926 ; The Science of Metals, New York, 40fi, 1924; Chem. 
Met. Engg ., 24. 1057, 1921 ; 25. 244, 071, 728, 1921 ; H. Hanemann, Stahl Eisen , 40. 1585, 
1926 ; H. Hanemann and A. Schrader, Trans. Amer. Soc. Steel Testing, 9. 169, 1926 ; O. E. Harder 
and R. L. Do* doll, i6.,ll. 217, 391, 583, 78], 959. 1927 ; 12. 51, 1927 ; hull. Univ. Minnesota 
Mel. Series, 1, L027 ; The Decomposition of the Austenitic Structure m St* els. Minneapolis, 1927 ; 

O. E. Harder, Trans . Amer. Soc. Steel Treating, 2. 139, 1921 ; W. E. Williams, Joufn. Iron 
Steel Inst. — Carnegie Mem., 18. 175, 1924; M. G. Corson, Mining Met., 9. 304, 3928; 
G. Kurdjumoff, Zeit. Physik. 55. 187, 1929. 

6 A. T. Adam, Foundry Trade Joum., 10. 65, 1899; L. Aitehison, Trans. Amer. Bor. 
Steel Treating , 1. 734, 1921 ; Metal. Ind., 19. 486, 1921 ; 20. 113, 1922; L. Aitchison and 
G. It. Woodvine, Joum. Iron Steel Inst., 106. ii, 125, 1922 ; J. H. Andrew and 11. A. J hr hie, 
ib., 114. ii, 359, 1926 ; J. H. Andre*. M. S. Fischer and J. M. Roboitson, Proc. Roy. Soc.. 110. 
A, 391, 1926; J. H. Andrew and A. J. K. Honey man, Joum. Iron Steel Inst.—i'amegie Mem., 
13. 253, 1924 ; W. R. Angel 1, Tratis. Amer. Soc. Steel Treating, 17. 262, 1930 ; C. Barns, H ted. 
Anti., 7. 3H3, 1879; Phil. Mag., (5), 7. 341, 1879; (5), 26. 209, 1888; Amer. Joum. Science, 
(3), 34. 1, 175, 1887 ; C. Bams and V. Strouhal, ift., (3), 31. 181, 386, 439, 1880 ; (3), 32. 20, 
1887; Jfted. Ann., 11. 930, 1880 ; 20.525,662,1883; Stahl Eisen. 26. 917, 1906 ; Verh. phys. 
med. Ges. Wurzburg, (2), 15. 123, 1881 ; Bull. V.S. Geol. Sur., 14, 1885 ; 19, 1886 ; 27, 35, J886 , 
42, 1887; O. Bauer, Mitt. MaterialprUfungsamt, 5. 12, 1929; Stahl Eisen, 25. 1245, 1905; 
A. Bausehlicher, Stahl Eisen, 30. 253, 1910; H. Ben nek, Wdrme, 54. 300, 1931 ; H. Bimbunm, 
Arch. Eisenhultenwesen, 2. 41, 1928; Stahl Eisen , 48. 1125, 1928; H. C. Boynton, Joum. Don 
Steel Inst., 70.ii,287, 1906; H. Brearley, The Heat Treatment of Steel , London, 191 1 ; J. D. Bi union. 
H'trr, 3. 10, 1928 ; E. 1). Campbell and B. A. Soule. Blast Furnace Sttel riant, 8. 003, 1920, 
Joum. Iron Steel Inst., 102. ii, 281, 1920 ; W. M. Carr, Mctallogruphist, 5. 58, 1902 ; (L ('harpy 
and L. Grenet, Compt. Rend., 174. 1273, 1922 ; P. Cheven&rd, Rev . Ind. Minerale, 10. 209, 1930 ; 

P. Chevenard and A.M. Portevin, Compt. Rend., 189. 759, 1929 ; 191. 408, 1059, 1930 ; H. 1. Coe, 
Jtrurn. Birmingham Met. Soc., 7. 583, 1921 ; W. 11. Crowe, Trans. Amer. Snr. Steel Trialing , 
2. 869. 1922 ; S. Curie, Bull. Soc. Eng. Nat. Ind., (5), 3. 36, 1898 ; G. M. Eaton, Trans. Arntr. Sot . 
Steel Treating, 16. 819, 1929; B. 1). Enlund, Joum. Iron Steel Inst., 111. i, 305, 1926, 
E. W. Esslinger, Metal Progress, 18. 00, 1930; IV. Fr&enkel and E. Hcymann, Zeit. anorg. 
Chem., 134. 137, 1924 ; H. J. French, Stahl Eisen, 89. 179, 1910 ; II. ,T. French and O. Z. Klopsch, 
Trans. Amer. Soc. Steel Treating , 9. 33, 1926 ; Tech. Paper Bur Standards , 295, 11125 ; F. Giolitti, 
II trattamento termico prehminare degli acciai dolci e semi-duri per cmistruziom meccuniche, 
Milano, 1018; Heat Treatment of Soft and Medium Sleets, New Yotk, 1921 ; M. Godefioid, 
Fond. Modern * , 23. 293, 1929; P. Goorens, Joum. Jinn Steel Inst. — Carnegu Mem., 3. 320, 
1911; Stahl Eisen, 44. 1645, 1924 ; It. C. Gosrow, Forging Heat Treating, 9. 447, 1923 ; C. Grard, 
Hew MB.. 8. 241, 1911 ; R. H. Greaves and J. A. Jones, Joum. Iron. Steel Inst., 102. u, 171, 
1920; 112. ii, 123, 1025; L. Grenet, Bull. Soc. Ind. Mm., 12. 101, 191, 1911; Joum. Iron 
Steel Inst.,. 84. ii, 13, 1911 ; Trempe, rccuit, fomentation et conditions d'emploi des aciers, Paris, 
1911 ; M. A. GroBsmami, Trans. Amer. Soc. Steel Treating, 2. 091, 1922; Met. Chem. Engg., 
27. 541, 1922; H. Hanemann, Stahl Eisen, 31. 1365, 1911 ; 48. 880, 1923 ; H. Hanemann and 
L. Trager, ib., 46. 1508, 1926; O. E. Harder and R. L. Dowdell, The iHcompositwn of the 
Austenitic Structure in Steels, Minneapolis 1027 ; Bull. Univ. Minnesota Met. Series, 1, 1027 ; 
Trans. Amer . Soc. Steel Treating , 11. 217, 391, 583, 78J, 059, 1927 ; 12. 51, 1927 ; It. Hay and 
R. Higgins, Joum. Tech , Coll. Olasgou >, 1. 02, 113. 1927; C. R. Hayward, D, M. MacNeil and 
R. L. Presbrey, Trans. Amer. Inst. Min. Eng., 67. H2, 1922; (). it. Hayward and 8, 8. Raymond, 
ib., 66. 6170, 1917; E. Heyn, Joum . Iron Steel Inst., 70. i, 100, 1900; Chem. Met. Engg., 
26. 728, 1921 ; Handbuch der Matenaltenkunde, Berlin, 2. 301, 324, 1912; Stahl Eisen, 21. 
1309, 1347, 1907 ; 32. 2097, 1912 ; 37. 2097, 1912 ; 87. 442, 497, 1917 ; 38. 846, 853, 1918 ; 
E. Heyn and 0. Bauer, Mitt. M ate rial pr ufungsumt Gross ~ Lichterf elde, 529, 1906 ; Inlprwat. 
Zeit. MetaUog., 1. 16, 1911; Stahl Eisen, 29. 736, 1909; 31. 760, 1911; O. Hoffmann, 
QuahtatsUihl , Krefeld, 1907; J. E. Howard, Iron Age, 46. 248, 1890; 11. M. Howe, Trans. 
Amer. Inst. Min. Eng., 66. 561, 1017 ; MetaUographid, 8. 43, 1900 ; H. M. Howe and A. G. Levy, 
Proc. Amer. Soc. Testing Materials, 16. ii, 7, 1910 ; 8. L. Hoyt, Trans. Amer. Soc. Steel Treating, 

11. 509, 658, 1926 ; E. J. Janitzky, Iron Age, 110. 788, 1922 ; Trans. Amer . Soc . Steel Treating , 

12. 55, 377, 1021 ; J. A. Jones, Metallurgist, 4. 70, 86, 1028 ; A. Jung, Studio liber die Einwirhung 
thermiseker Bchandlung auf die Festigkeiiseigenschaften und die Mikrostruktur hypereutektoider 
Stable, Berlin, 1911 ; H. Klelne, Zeit. Physik, 83. 391, 1925 ; W. Kdhlor, Centrb. HUtt. Walzwerke, 
31. 613, 1927 ; N. V. Kolokoloff, Proc . Russ. Met. Soc., 1, 1028; It. Xtihnel, Das VerhaUen 
geharteter und angelassener untereutektischer Stable, Berlin, 1912 ; Internal . Zeit. MetaUog 3. 
225, 1913 ; G. Kurdjumoff, Zeit. Physik, 66. 187, 1020 ; Stahl Eisen, 40. 1836, 1029 ; E. F. Law , 
Joum. Iron Steel Inst., 97. i, 333, 1017; L. A. Launing, Forging Heat Treating, 7. 610, 1921 ; 



IRON 


707 


F. A. Livermore, Automobile Eng., 16. 142, 1925 ; O. M&jor&na, AUi Accnd Li nee i, (6), 4. 419, 
1026 ; E. Marcotte, Gtnic Civil , 91. 41 1, 1927 ; 96. 1241, 1930 ; G, Mars, Stahl Eiscn, 39. 1770, 
1009 ; J. A. Mathews, Journ. Iron Steel Inst., 112. ii, 299, 1925 ; Tran s. Amer. Soc. Math. Eng,, 
71. 568, 1925 ; J. A. Mathews and H. J. Stagg, d>., 37. 141, 1014 ; T. Matsushita und K. Naga- 
sawa, Kinzohu no Kenkyu, 9. 92, 1927 : Jtrurn. Iron Steel Iiut., 115. i, 731, 1927 , 116. ii, 311, 

1927 ; K. Maurer, Vntersuchungen nber daft Hartev vnd Anlasm n von Eisen und Stahl, Halle 
a. K., 1909 ; Met 6. 33, 190/1 ; Rtr. MR 5. 718, 1908 ; E. Maurer and It. H oh age, Mitt. Inst. 
Eisenforsch , 2 91, 1921 ; A. Michel and l 1 . B< nazot, Itev. Mel., 26. 455, 1929; 27. 501, 1030; 

E. Murat a, Kinzobt-no-Kenkyu , 6, 97, 1929; M. G. Oknoff, Ferrvm, 11. 1, 1914, Rn . Met., 14. 
85, 1917 ; Mel. Leningrad , 5. 1, 1930; F. Osmond, Journ. htm Steel Inst., 37. i, 38, 1890; 49. 
i, 180, JH96 ; Ann. Mines , (8), 14. 1, 1888; Mtm. Artdleru , 24. 573, 1887; Matdlogi aphid, 
3. 181, 275, 1900; Bull. Hoc. Enc. Nat. Ind., (4), 10. 480, 1896 ; Transformation* du Jet ft du 
cartxme dans Us fers , les anew et f antes blunches, I ’an a, 1888 ; N. II. Pilling, Turns. Airtn, 
Electrocham. Soc., 42. 9, 1922; A. M, l'ortcvin, ('ompt. Rend., t75. 959, 1922; Rci. Met., 10. 
677, 1913; 13. 9, 1916; A. M. Porte v in and A- Snurdillnn, ib., 24. 215, 1927 ; A. Poucholie, 
('tempi. Rend , 174. 611, 1922, J. N (J. Primrose, Tunis. Amer. Sue. Sttel Treating , 13. 617, 

1928 ; K. H. Kens, Joutn. Iron Steel Inst., 108. n, 273, 1923 ; P. Roudie, Lc contrulc de Ui dureli 
ties metaux dans Vindustru, Paris, 1030; N. M. Saeger and E. J. Ash, Journ. Restarch Bur. 
Standards, 8. 37, 1932; S. Kuto, St mice Rep. Toholru Cnu \ , 18. 303, 1929; M. Sauvagcot and 
H. Dolmas, Her. MU., 20. 777, 1923 ; A. Ncluuk, Stahl Etstn, 50. 1289, 1930 ; M. A. Srlurmann, 
Phys. Zed., 29. 676, 1928, H. Nchottzky, Ferrum, 10. 274, 1913; E. 11. Schulz, Zed. \ er. 
deut. Jru 59. 66. 1915; 11. Scott, Trans. Amer. Soc. Steil Treating, 0. 277, 1926; H. Scott 
and H. (J. Moviuh, di., 1. 758, 1921 ; Sctvnl, Fa pets Bur. Standards, 396, 1920; F. G. Sefing, 
Bull. Muhigan Exp. Mahon. 37. 2, 1931 ; N. N. Khadnn. Journ . Russ. Mit. Sot., 83, 1029 ; 

F. T. Sirco, Trans. Amer. Stic. Steel Trailm*/, 15. 837, 1027, 1920; 16. 155, 485, 626, 1929; 
3. E, Stead and A. \\ . Kit/hards, Journ. Iron Steel Inst., 108. ii, 273, 1923; It. Stotz and 
E Honflmg, Stahl Risen, 46. 2137, 1925; G Tam maun and E. Scheil, Zat. anury. ('htm., 
157. 1, 1926; G. Tamniaun and G. Siebel, \b., 148. 297, 1925; K. Tarnaru, Stunxe Tapirs 
Toho/cu Uni r„ 15. 829. 1926; 10. 437, 1930; U. Thallner, Werlezcugdahl, Freiboig, 1898; 
Tool Steel , Philadelphia, 1902; A, Jr Thomas, ('ompt. Rend., 189. 629, 1029; L. Traeger, Zat. 
J'*r. dt ut. Ing., 71. 891, 1927; A nlassvorgange % n abgeschrechten KohLnstnJf stable n, Berlin, 
1927; Ftnvhuntfsarb. (Jtbitte hup, 294, 1927; G. YVeltor, Stahl Eisen, 43. 1347, 1923, 
W. P. Wood, Chtrn. Met. Engy., 24. 345, 1921 ; K. W. Zinunorschied, Proc. Amer. Soc. Tt sting 
Mutt rials, 13. 510, 1913. 

* It. 11. Greaves, Journ. lion Steel Inst., 100. ii, 329, 1919; R. H. (i leaves and J. A Jones, 
i b., 102. ii, 171, 1920; 111. i, 231, 1925; F. Rogers, ib., 100. n, 325, 1919; 101. i, 013, 1020; 
J. F. Kiijscr, ib., 101. l. 623, 1920; J. H. Andrew anti 11. A. Dickie, tb., 114 u, 359, 1926. 
115 i, 647, 1027; J. 11. Andrew, ih , 101. i. 621, 1920; G. W. Green, ib., 102. ii, 219. 1920: 
W. Itoficnhain, ib., 100. u,tW5, 1919 , II Bicarley, ib , 101. i, 619, 1920 ; W. T. Grifhlhs, 111. i. 
259. 1925, .1. 11. G. Moi.^ penny, i b., 100. u, 394, 1019, L. Guillet, ('ompt. Rtnd., 182 249, 
19211 ; R. \ amoda, Ai \zuku no Ki nbju, 5. 294, 1926 ; K. Honda and IL Yanidda, St it n<* fit / . 
Tohtihu Unn ., 16. 307, 1927 ; L. Giciicl , Hull. Soc Jnd. Mm., 15. 339, 1919 , Juinn lion Slut 
Just.. 05. i, 107, 1917 ; J. 11. S. Dirkeuson, Journ. H id Stotltmd lion Stvtl Inst., 26. 121, 1019 . 
Journ. Jnd. Automobile Eng., 12. 340. 1918 ; Z. Jell lies, Trans. Amu. hid. Min. Ena,, 60 474, 
1020 ; It. S. Archer, d)., 62. 751, 1919 ; W. II. Hatfield, Proc . Inst. Meth. Eng., 347, 1919 ; Jonin 
Jnd. Automobile Eng., 12. 347, 1918, 11. I*. Plulpnt, Rtr. Met., 17. 93. 1020, Jonin. hid I uto 
mobile Eng., 12. 235, 1918; I{. A. f lav wind, ('hnn. Mtf. Engy., 20. 519, 1949 , II. hikLiun, 
TiImu to Jlaganc, 11. 723, 1921, G d’Hu.ul, Stitnct hid., 559, 1929; il. nieaile\, Tht lluit 
Tu atment of Steel, London, 1911. 


§ 8. The Nomenclature of Iron and Steel 

SoChatks : Wlij hIiouKI wo dispute about names wlien wo Jiavo realities oi Midi 
iiri|M)rtaiien to consider T 

(j! laij con : Why indeed, ’vhen any name will do wliich expresses the thought ut the 
mind witli clearness Y -Plato. 

There is a difficulty in formulating precise definitions for the chief varieties of 
iron and steel— (i) wrought iron, (ii) steel, (lii) cast iron, and (iv) malleable cast 
iron. Universally -acceptable definitions of commercial iron and steel have not 
been devised. The various types have been classed in terms of j struct an*- -euloeti- 
fcrouN and non-eutectiferous ; origin — whet her of molten or plastic origin ; walk- 
ability- whether usefully malleable, like steel, wrought iron, and malleable castings, 
or not usefully malleable, like cast iron ; composition — whether the metal owes its 
sperial qualities primarily to carbon or to elements other than carbon. H. M. Howe 1 
commenced his discussion with the above quotation from Plato's Republic , aud 
the subject has been takon up by many others — e.g. 11. M. Howe and A. Sauveur 
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A. Snuvcur, A. Greiner, S. Jordan, E. Stassano, A. Semlitsch, J. W. Langley, 
(\ Barus and V. Rtrouhal, W. F. Durfee, J. 0. Arnold, C. H. Rids dale, H. le 
Chatelivr, K. Honda, J. A. Mathews, H. Scott, A. L. Holloy, F. Prime, W. Met- 
calf, H. P. Tiemann, E. Schrodter, B. Osann, O. Mars, C. Geiger, E. Williams, 
V. Dcahayes, II. Wedding, 0. Thallner, K, Honda, J. Navarro, R. A, Bull, etc. 
The Sixth Congress of the International Association for Testing Materials (New York, 
1912) discussed various definitions in the attempt to adopt a uniform nomen- 
clature for iron and steel. There are anomalies in the best schemes yet devised. 
This is perhaps a necessary consequence when convenience and precision are 
antagonistic, and when arbitrary lines of demarcation have to be drawn in an ill- 
defincd region where one variety merges into another. There are dictionaries of 
technical terms in the iron and steel industries by 0. Thallner, H. P. Tiemann, 
A. Tolhausen, and W. Venator and C. Ross. 

Iron containing varying percentages* of silicon, phosphorus, etc., along with so 
much carlton that it is not usefully malleable at. any temp, is called cast iron- fonte 
(French) ; tackjern or gjutjern (Swedish) ; Roheism (German) if not rcmelted and 
(hiss risen if re melted ; and ghisa (Italian). K. Honda defined cast iron as an iron- 
carbon alloy with a content of carbon lying between 1*7 and 6-7 per cent. The 
lower limit represents the maximum solubility of carbon in iron at high temp., and 
the upper limit the case of pure ceinentitc. Cast iron always contains u consider- 
able proj)ortion of carbon — usually from 2*5 to 4-5 per cent, of carbon — and in most 
cast's an important percentage of silicon. The cast iron of commerce is reduced 
from the ore, usually in a blast-furnace, in direct contact with solid carbon. It is 
tapped in a molten state from the furnace. The three chief varieties were indicated 
by Dud Dudley in 1665 : 

Tlie first sort is Gray Iron, tho second sort is called Motley Iron, of wliich one part of 
the Sowes of I*iggs is gnn, and the other part is white intermix! ; the third sort is called 
Whitt' Iron ; this is almost as white os Hell Mottle, hut in tho fur mice is least fined, and the 
most terrestrial. 

They are the same to-day : (i) Grey cast iron Joule <p ise (French) ; graft fackjnn 
(Swedish) ; graucs Rohrisen (Gorman) ; ami ghisa g) tgm (Italian) which is relatively 
soft, and characterized by the presence of sheet lets of graphite, often forming an 
irregular skeleton ; (u) White cast iron- fonte blanche (French) ; hwitt tackjern 
(Swedish) ; W nsses Rohvisvn (Gorman) : and ghisa bmnea (Italian)- is extremely 
hard and brittle. It is characterized by having all or neatly all its carbon in the 
combined state, and by its consequent lack of graphite*, (in) Mottled Cast iron - 
fonte tiuifee (French) ; half hwitt or halfyratl tackjern (Swedish) ; halbnrUs Rohe ise a 
(German) ; ghisa trotata (Italian) — ih intermediate between grey and white cast 
iron. Emphasizing the high tensile strength of some modern cast irons- kgrms. 
per sq. mm.— A. Thum and H. Ude said that cast iron is steel tendered impure l»y 
graphite.” 

Cast iron which has been cast direct from the blast or other furnace into moulds of 
varying sizes and shapes is culled plg-lron — fonte en gueuse (French); tackjern (Swedish); 
Gfusstisen or Rohetsen (German) ; and ghisa (Italian). The iron solidifies in the slabs or 
pigs ; the moulds are called pig-moulds. The name is also applied loosely to molten cost 
iron which is about to be cast into pigs, or is in a condition in which it could be easily cast 
into pigs. Molten cast iron which has been passed into or through a metal mixer is called 
num -metal. Castings of cast iron are called iron castings ; they are usually made by 
pouring molten cast iron into moulds of designed shape or form, but other than in the shape 
of pigs or slabs. Tlio molten cast iron is cast direct from blast-furnace, or from cast iron 
ulmh has been romelted in a cupola, or other furnace, or in crucibles. JIa molds jny-inm 
is pig-iron made from haematite ores containing so little phosphorus and sulphur that the 
product can bo used directly lor the acid Bessemer process. In cinder jug-irons a large 
proportion of tap cinder from the puddling- furnace is added to the blast-furnace charge ; 
the term all mine ptg-iron is used to distinguish pig-uon from cinder pig-iron when no 
source of iron is used other than the ore ; charcoal irons are pig-irons made by the use of 
charcoal as a fuel ; Swedish iron is made from the magnetite ores of Sweden ; this iron is 
usually a charcoal iron of a high degree of purity with respect to sulphur and phosphorus ; 
and ( 'lev eland iron , a phosphoric pig-iron made in North Yorkshire. Fig-iron containing 
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bo little silicon and sulphur that it is suitable for conversion into steel by the basic ojran- 
h earth process is sometimes called basic pig-iron. This metal contains no more than 
1 per cent, silicon. The Thomasroheisen of Germany contains less than 0*5 per cent, silicon, 
and over 1-6 per cent, phosphorus ; and here, also, if the pig-iron for the basic Bessemer 
nr basic open-hearth process has a composition outside these limits, and contains phosphorus, 
it is called phosphoric pig-iron . Similarly Bessemer pig-iron is pig-iron with so little phos- 
phorus - Bay, not over 0-06 per cent, (in the United Slates 0-1 per cent.) phosphorus or 
sulphur- that it caif be used for conversion into steel by the acid Bessemer process. The 
red-short metal made by purifying pig-iron in the Bessemer converter, without the subse- 
quent removal of oxygon, is called blown metal. Molten cast iron from the blast-furnace 
before it has solidified is called hot metal or direct nutal. Cast iron which has been freed 
from most of its silicon and phosphorus by rich ferruginous slags or their equivalent, with- 
out removing much of the carbon, so that it remains cost iron, is sometimes called washed 
metal — fonte iprurte (French) ; tvattad (Swedish) ; entphosphortes JRoheisen (German) ; and 
metallo defosforato (Italian). Cast iron which has had most of its silicon removed in a 
refinery furnace, but still contains so much cailxm that it remains cast iron, is called 
n fined cast iron — fonte mazte (French) ; raffineradtjem (Swedish) ; gefeinics Risen (German) ; 
and ghisa affinata (Italian) — or plale-inm ; and cast iron which has had its silicon, and 
usually also phosphorus, removed in the charcoal hearth, but still contains so much carbon 
that it remains cast iron, is called charcoal hearth east iron. Bloomary or knobbed charcoal 
iron ih a high-grade iron used for boiler tubes. It is mode by heating high-grade charcoal 
pig-iron in a charcoal knobbling furnace. The lump of iron is hammered into a bloom, 
and rolled into sinks. Bushelled iron is mode by heating in a hearth furnace miscellaneous 
junk scrap iron, often mixed with iron and steel turnings. The heated metal like a puddled 
hall is squoezcd and rolled. The product is irregular in quality. The comparatively raro 
alloy cast irons owe their special properties to the prehonce of an element or elements other 
than carbon— mde infra , ferro-alloys. 

Iron which has been cast as brittle white cast iron into moulds and afterwards 
made more or less malleable without remelting is called malleable cast iro n— fonte 
mails able (French) ; aduceradtjtm (Swedish) ; Hchmiedlwres Gusseisen (German) ; 
and jtezzi fusi dighisa malleabile (Italian). The malleabilizing is effected by anneal- 
ing the metal, usually in close contact with an oxidizing agent. As a result most of 
the contained carbon is converted from a state of cementitc into that of temper 
graphite, and sonic is removed by the oxidation process. There arc in commerce 
thus two classes of malleable cast iron : one owes ite malleability to a large removal 
of carbon, and the other to a large removal of carbon from the outer part of the 
easting, and to the precipitation of most of the remaining carbon in the free or 
graphitic state. It is added that it is not in accord with good industrial usage to 
apply the name steel to the product of any of these malleabilizing processes. 
Malleable cast iron differs from steel (i) in containing more carbon, and (ii) in l»eing 
cast into a mass which is not initially malleable. Malleable cast iron is not cast iron, 
but n product of cast iron, and it is distinct from wrought iron and steel, which are 
also products of cast iron. 

Tlio malleable casting has a white core- whitc-ht art malleable cast iron - if cooled quickly 
enough, and if it be annealed at 625°- 875°, graphite in precipitated to form bku'k-heart 
malleable cast iron, so called because the fracture shows a black kernel with a stool -like skin. 
In the whito-heart cast iron the steely rim may be regarded as extending to the centre — 
vide infra. 

The term wrought iron— -far sonde (French) ; smidesjern (Swedish) ; Schniedeiscn 
or Stabcisen (German) ; and ferro fucinalo or ferro scddalo (Italian)— is applied to 
iron which has been produced at a temp, below its own m.p., and has been obtained 
cither direct from iron ore or from cast iron ; wrought iron is obtained as a malleable 
mass from cast iron by the aggregation of pasty particles without subsequent fusion. 
It contains so little carbon that it does not usually harden when rapidly cooled, ami 
it is soft and readily malleable within wide limits of temp., and always contains 
intermingled slag. The term weld-iron for wrought iron is obsolete. 

The term steel- acier (French) ; stahl (Swedish) ; Stahl (German) ; and acriaio 
(ItuliMfi) — is sometimes applied to iron with less than 2-0 per cent, of carbon. 
The term is also applied to alloys to the left of the point E in the equilibrium 
diagram, and the term cast iron to alloys to the right of thill point . V. J. K. Kursten 
regarded 2-.1 per cent, os the limit lietween steel ami cast iron. The fashionable 
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definition of steel thus depends on an arbitrarily assigned limit. C. Baras and 
Y. Stronhal tried to obtain a physical definition by defining Bteel as the iron- 
carbon alloy for which 8 log h is a maximum when h denotes the thermoelectric 
hardness taken in a special sense. ' This definition is not of practical use. According 
to J. W. Langley, commercial steels have the following composition : 


Steals 
Alloy steels 


1 Upper limits 
\ Lower limits 
1 Upper limits 
(Lower limits 


0 SI 

ICO 030 

0-30 002 

2*25 ] -50 

1*25 0-50 


S I* 

010 0*10 

0-005 0-01 

010 0-30 

001 0-01 


Mn O 

1-00 ( 1 - 20 ) 

0*08 trails 
— 2-0 

— 20 


gases 

little per cent, 
traces 

0*25 per cent. 
0*25 per cent. 


The alloy steels also contain the alloying element r—e.g. manganese, tungsten, 
chromium, nickel, etc. The International Association indicated above recom- 
mended applying the term steel to iron, alone or associated with other elements, 
which has been cast from a molten state, whether it hardens or not on rapid cooling 
from above its critical range, and, after solidification, is so usefully malleable that 
within some range of temp, it can be forged or rolled into merchant sections or 
shapes. The term is also applied to iron which has not been cast from a molten 
state, and contains sufficient carbon to cause it to harden usefully when rapidly 
cooled from above its critical range, and is so usefully malleable that within some 
range of temp, it can be forged or rolled into merchant sections or shapes. Other- 
wise expressed, there are : 

(i) Steels of plastic origin, which are defined as iron which has not been cast from 
a molten state but has been aggregated from paste particles without subsequent 
fusion. It contains sufficient carbon — say 0*30 per cent, or more- to harden use- 
fully when rapidly cooled from above its critical range, and is so usefully malleable 
that it can be forged or rolled, within some range of temp., into merchant shapes 
or sections. 

Tlie term blister steel, cement bar , or converted bar is a steel of plastic origin, made from 
high-class Swedish iron, or wrought-iron bar which has been subjected to a process of 
cementation, which process introduces carbon into the iron and usually develops blisters 
on the surface. The same steel when heated and worked into merchant sizes is also called 
blister Bteel. Cemented bar, blister bar, shear steel, and a few other high-carbon steels are 
the only commercial steels covered by this definition. .Formerly blister bars were rolled 
or hammered at a yellow-heat to form the so-called plated bars or bar steel ; and springs 
were made from these bars, which were called sjiring steel. Blister bar or cemented bar 
which has been broken into suitable lengths, healed, and hammered out to confer some 
toughness and to flatten down tho blisters is called plated bar. Steel made by piling and 
welding plated bars under a thin layer of suitable flux is called shear steel. If the welded 
steel has been drawn down the welded bars under a hammer into a faggot which is forged 
into merchant sixes, it is known os single shear steel ; and if single shear Bteel has been 
nicked, bent back on itself, the two parts heated, welded, and again hammered down, the 
resulting bloom is known as double shear steel. The merchant sizes forged from these blooms 
are also known as shear steel. The term weld -steels— acier sonde (French) ; wdUstahl 
(Swedish); Srhweissstahl (German); and acciain aoldato or acciaio f ueinato (Italian) — is 
iron with a tensile strength of about 50 kgrms, per sq. mm. when annealed ; it contains 
some slag, because it is made by welding together pasty particles of metal in a bath of slag, 
as in puddling-- hence called puddled steel- and it is not later freed from slag by melting. 

(ii) Steel* of liquid origin , which include iron alone or associated with other 
elements which has been cant from a molten state, whether it hardens or not on 
cooling from above its critical range, and after solidification is so usefully malleable 
that, it can be forged or rolled, within some range of temp., into merchant shapes 
or sections. 

’ The metal so defined is steel, whether it can be hardened or not, whether it contains 
much or little or even no carbon, arid, for that matter, even if it bo chemically puro iron. 
It is sometimes called ingot metal . With the exception of the comparatively unimportant 
sleels of plastic origin, all steels of any present-day industrial importance are steels of 
liquid origin. The so-called ingot iron is stool with too little carbon to harden usefully on 
rapid cooling. The lenn is used in trade, but it is not considered advisable to use tlie term 
otherwise, because it is co fusing to rail a variety of steel ‘‘ ingot iron.” She I with enough 
rarlwm say A- 30 per re? . or more- to harden usefully on rapid cooling is called {ingot 
siref. Steel made in a <tl -llde is railed crucible steel — acirr nu nrusef (French) : Ucgdstdhl 
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(Swedish) ; ti'iegelflussstahl (German ) ; and acciaio al crogivolo (Italian) — or cast steel — 
acier au creuset (French) ; gjutstdhl (Swedish) ; Gussstahl (German) ; and acciaio fuso 
(Italian). When made in an electric furnace, electric steel ; when made by the Bessemer 
process, Bessemer steel ; when made by the open-hearth process open-hearth steel ; when 
made by a basic process, basic steel ; and when made by the Bessemer process, arid steel. 
The term semi-steel is vaguely employed in the trade for various products near the border 
between cast iron and steel — t.g. low-carbon cast iron made in the air furnace or the cupola 
by adding steel scraps to the charge. It was discussed by J. E. Hurst. The teim hns also 
been applied to malleable castings. 

K. Honda defines steel as an iron-carbon alloy with a content of carbon lying 
between 0-035 and 1 -7 per cent. The lower limit is given by the solubility of carbon 
in iron at ordinary temp., and the upper limit is the maximum solubility of carbon 
in iron at high temp. The term carbon steel is sometimes applied to steel which 
owes its distinctive properties to carbon as distinct from other elements which it 
contains ; and alloy steel, or special steel , to steel which owes its distinctive pro- 
]verlies to some element or elements other than carbon, or jointly to such other 
element and carbon. Although some of the alloy steels are but moderately malle- 
able, among the carbon steels industrial usage confines the name steel to products 
malleable enough to be forged or rolled into merchant shapes. There is no agree- 
ment ns to the line of demarcation between alloy steels and carbon steels. Some 
alloy steels gave J*25 per cent, carbon. The term ferro-alloys is applied to iron so 
rich in some element or elements other than carbon that it is used primarily as a 
vehicle for introducing the alloying element or elements in the manufacture of iron 
or steel. The ferro-alloys are not usually usefully malleable, and they usually 
contain more of the alloying element than is desirable in an alloy steel. A substance 
may simultaneously be an alloy .steel in the machine shop and a ferro-nlloy m the 
steel mill. F Wever discussed the classification of the ferro-alloys. 
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§ 9. Cast bon 

A A. Inostzanzeff 1 reported u specimen of native iron from Vlailivostock the 
composition of which was Fe, 93-87 ; 0 (combined), 0-33 ; V (free), 2-87 ; Al, 0-16 ; 
Mn, 0-66; Si, 1*55; and S, 0*04. The composition is thus identical with many 
artificial cast irons ; and similar remarks apply to its microscopic structure. There 
are bands of ferrite, granular cementite, a ground mass of pearlite, and some free 
graphite. This native cast iron is supposed to have been formed m the sedimentary 
rocks by the interaction of coal and iron ore induced by heat from an intnided 
igneous rock. 

Excluding the ferro-alloys and the alloy steels, the various kinds of iron and 
steel form a continuous series ranging from the purest iron to the white east irons. 
The series divides itself into two parts- graphitic (grey and mottled east lions) 
and non-graphitic (white cast iron) , for the graphitie cast irons can be regarded 
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Figs 52, 53, and 54.— A. Sauveur's Diagrammatic Representation of the Formation of 
the Constituents of Eutectic, Hypereutectic, and Hypoeutoctic Cast Iron during 
Solidification and Cooling. 


as white cast irons more or less graphitized. The purest obtainable electrolytic 
iron is soft and ductile ferrite, and the hardest white cast iron is in the extreme case 
mainly hard and brittle cementite. The intermediate series is continuous, so that 
only arbitraiy lines of demarcation are possible. The carbon content of steels may 
range up to, say, 2*0 or 2-20 per cent., and of cast iron from, say, 2-20 to, say, 6-70 
per cent. I. L. Bell said that the limit for the combined carbon in cast iron is 
4-30 per cent. ; II. M. Howe reported cast irons with up to 4-82 pel cent, of com- 
bined carbon A further arbitrary subdivision of the steels is (i) Imv carbon steels 
with (KM) to 0-20 per cent, of carbon ; (ii) mcdtvm carbon steels with 0-30 to 0-70 
per cent of carbon ; and (ni) high carbon steels with 0-80 to 2*20 per cent, of carbon. 
There is some overlapping, because the proportion of c arbon in wrought iron may 
exceed that in some low carbon steels. Thus, J. I'ercy reported samples of wrought 
iron with 0-272 to 0-386 per cent carbon ; L. Cubillo, a sample with 0-24 per cent. ; 
H. M. Ilowe, samples with 0-212 to 0-512 per eent. ; and E. Riley, a sample with 
0-171 per tent On the other hand, some low carbon steels- eg tube steel have 
IM Mi tn 0-07 ]»er ient of carbon. There is a similni overlapping in the proportion 
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of carbon in the region between steels and cast iron Thus H M Howe reported 
cast irons with about 1*61 per cent of carbon W E Dennison and J h Francis 
represented the composition of cast iron by volume The proximate sliucturc of 
any member of the scries between iron and the white cast irons can bo approxi- 
mately determined by a consideration of one of the equilibrium diagiams foi the 
iron-carbon alloys- Figs 61 to 63 Thus, in percentages 
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The formation of the different constituents during the solidification and slow 
cooling of eutectK (ledebunte), hypereutectic, and hypoeutectic cast iron was 
illustrated by A Sauvcur by diagrams 
analogous to Figs 52 53 and 54 for the 
case where no graphitizntion occurs 
In all cases, after cooling below the 
pearlitic transformation at about 700°, 
the ultimate c onstituents are ferrite and 
ccnientite Fig 55 represents the micro 
scopic appearance of white cast iron, 
the dark areas represent ferrite and the 
white areas cement i to H A Schwartz 

and A N Hird said that during the 
solidification of molten cast iron, equili 
brium is attained when the silicon has 
all passed into the liquid phase, and 
austenite free from silicon is able to 
separate The whole of the silicon is 
associated with the eutectic cement ite, 
probably as a silico ccmentitc The 
austenite contains the non sulphide man- 
ganese, and on passing through the 
A x arrest the manganese is equally soluble in the femte and the eutectoid 
cementitc About 03 per cent of the phosphorus is found with the ccmentitc. 
A Mittmsky, and B Osann discussed properties of the eutectic 
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F. Wunt and O Petciscn showed that tin uitcctio composition is Iowch d from 
4-3 to 4 pei coni when n little moio than I per cent of silicon w pn m nl 
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Observations were also made by K. Honda and T. Murakami, J. G. Pearce, 
H. Pinal, At, Wagner, F. Yamada, A. Sauveur, and W. Gontermann — vide infra , 
iron-silicon alloys. The pbserved results showing the effect of silicon in lowering 
the proportion of carbon in the eutectic and in raising the eutectic temp, are 
summarized in Fig. 57. The general behaviour of silicon-iron alloys is discussed 

above. E. Maurer represented the 
constitution of cast, iron by the dia- 
gram, Fig, 58. E. Maurer and 
P. Holtzhaussen, D. Hanson, E. Schcil, 
J. E. Hurst, E. Piwowarsky, L. Pied- 
bcouf, J. Challansonnet, H. Tam- 
mura, A. L. Norbury, R. Kuhncl, 
and F. B. Coyle also studied the 
subject — vide infra , Fig. 212, 
Vol. Xll I, tensile strength. The 
so-called pearlitic cast iron was dis- 
cussed by K. Emmel, L. E. Gilmore, 
0. Bauer, A . Diefen thaler, H. 3 Young, 
C. Irresberger, J. E. Hurst, J. E. 
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Fio. 58. —The Constitution of Cast Iron. 


Fletcher, L. Piedlxruf, J. A. Smeaton, H. J. Young, G. Gilles, A. E. M Smith, 
G. Meyersberg, A. le Thomas, A. M. Portevin, E. Zimmer man n, P. Kleiber, 


R. Moldenke, E. J. Lowiy, K. Ernmel, B. Osann, R. T. Rolfe, A. Mittinskv, 
R I 1 . Lemoine, K. E. Marbaker, F. D. Corbin, M. Lincke, G. Subset, A. G. Lambert 
and F. M. Robbins, A. J. Grindle, H. R. Hiscott, W. West, F. K. Neath, 
A. Logan, S. G. Werner, A. B. Everest, and (\ Sipp. 

As pointed out by J. E. Stead, grey cast iron, no matter how grey, in its passage 
from the commencement of solidification to the cold condition, always commences 
ns white cast iron, and gradually becomes grey during cooling owing to the decom- 
position of the iron carbide, which has a white fracture. The graphitization of the 
lementitc in iion-carbon alloys has previously been discussed in connection with 
the equilibrium diagram. Graphitization is more likely to occur during uud after 
solidification with increasing difficulty in the following order : (l) proeutectic 

ceinentite, {ii) eutectic ccmentite, (iii) proeutectoidal cemcntite, and (iv) cutcctoidal 
eementite. In the solidification of hypoeutectic alloys austenite is first formed, 
and at the eutectic temp, ccmentite falls out of soln. The high temp of formation 
of the eutectic ccmentite favours its graphitization. As the alloy cools, the austenite 
rejects proeutectoidal cemcntite, and its graphitization proceeds more slowly, but 
the process is favoured by the pre-existing nuclei of graphite from the eutectic 
eementite. The eutectoidal ccmentite is graphitized with difficulty because of the 
low temp. If the graphitization of the proeutectoidal eementite is incomplete, the 
cast iron will have a hypereutectoidal matrix; if the graphitization of the pro- 
eutectoidal cemcntite is complete, but that of the eutectoidal eementite incomplete, 
the cast iron will have a hypoeuteetoidal matrix ; and if the graphitization of the 
proeutectoidal eementite is complete and no eutectoidal eementite is graphitized, 
the cast iron will have a eutectoidal matrix. Fig. 59 (x250) shows the graphite 
needles in a cast sample of grey cast iron containing 0-97 per cent, of combined 
carbon, -S-21 per cent, of graphite, and 2*29 per cent, of silicon. There is a ground 
mass of almost pure pcarlite in which the black needles of graphite are embedded. 
Fig. GO ( X 250) shows another sample of cast iron containing 3*391 per cent, of 
combined carbon, 2*727 per cent, of graphite, and 2*354 per cent, of silicon. The 
ground mass of pearlite occurs in rounded cells, the white fields in the diagram 
represent ferrite, and black needles of graphite are embedded in the ferrite. Both 
specimens are etched with a soln. of hydrochloric acid in amyl alcohol. The case 
of the graphitization of eutectic alloys needs no special consideration ; and, in the 
case of hype renter tic alloys, the proeutectic cemcntite is particularly liable to 
grnphitix.'ition, and kish may be formed— indc mjna. A. L. Norbury mid 
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L. W. Bolton, J. W. Bolton, and H. Pinal discussed the form of the graphite which 
separates from iron — vide supra ; H. Jungbluth, and E. Maurer, the so-called 
black fracture due to the growth of graphite nuclei in steel subjected to abnormal 
heat treatment ; and J. L. Francis, the volume composition of cast iron. 

H. Sawamura observed that when chill-cast white cast iron with about 3-4. per 
rent, carbon, and about 2 per cent, silicon, is heated at a constant rate in vacuo 
to the end of graphitization and then quenched in water, the proportions of 
combined carbon after quenching from different temp, are : 

Quenching . 1000° 050° 900° 800° 840 J 800° 

Comb, carbon 0*30 0 21 0 10 0*06 0 02 0 02 per cent. 

M. Hamasumi observed that the strength of cast iron increases with the velocity of 
cooling owing to the more uniform distribution of the curved plates of graphite. 

P. D. M erica and L. J. Gurevich found that (l) the greater the carbon content, 
the narrower the zone of complete graphitization ; (n) more graphite was found 
m a specimen cooled from 1000' than when cooled from 1100°, and this is taken 
to mean that the graphite separated from solid soln. on cooling when its nuclei 
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were already present ; and (lii) that only 0*2 per cent, of combined carbon was 
found in some slowly cooled specimens, and this was taken to indicate that the 
graphite was formed from pearlite at temp, directly below that of its formation, 
or else the graphite eutectoid occurs at lower values than is generally supposed. 
R. S. Archer showed that graphitization can be initiated and completed below the 
A 1 -arrest, and that complete graphitization is possible only at or below a point 
close to or identical with the A^arrest. A. Phillips and E. S. Davenport also 
suggested that temper carbon is derived from areas of solid soln., not from massive 
cemcntitc ; and they found that the areas of temper carbon produced at lower 
temp, were more compact and sharply outlined than when produced at higher 
temp. H. A Schwartz and co-workers assumed that a stable solid soln. of graphite 
is formed, which they called boydenite — vide supra — and the separation of graphite 
about graphite nuclei may begin at 900° to 1000°, C. J. McNamara and C. H. Lorig 
thought that the continued slow cooling below the critical point is not necessary 
for graphitization. The chemistry of cast iron was studied by A. H. Hioma, 
L. Houghton, and E. Adamson ; and the effect of the melting conditions on the 
microstrurture and mechanical strength, as well as on the distribution of carbon 
and silicon, by A. L. Norbury and E. Morgan As a result of the observations of 
O. Ruff, H. Hanomoim, and H. P. Tioraann, II. M. Howe raised the question whether 
in the absenre o! manganese and maybe cert sin other impurities if is possible to 
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obtain hypereutectic iron, that is, white oast iron containing more than 4*30 per 
cent, of combined carbon. 

O. von Keil found that when the m,p. and f.p. of cost iron are both low, say 
1 1 45°, the iron solidifies as white iron, but if both the m.p. and f.p. are high, needle- 
like graphite is formed ; and if the m.p. is high and the f.p. low, graphite is formed 
ill a finely-dispersed condition. The needle-like graphite separates directly from 
the fused mass, nnd the finely* dispersed graphite separates from the decomposition 
of a metastable solid. Pig-iron separates first as white iron, then, with a high 
carbon content, the ledeburite first formed decomposes rapidly, with the separation 
of fine graphite, but in the neighbourhood of the eutectic composition needle-like 
graphite separates from the liquid phase owing to the retardation of the cooling, 
For iron of a given composition there is a critical rate of cooling, above which the 
metal freezes in the metastable state, and below which needle-like graphite separates 
from the liquid. Overheating reduces the critical rate of cooling to a low value, 
so that even after slow cooling the metal solidifies in the metastable state. Repeated 
melting the overheated metal does not cause it to revert to the normal state. As 
indicated in connection with the equilibrium diagram of the iron-carbon alloys, if 
cement ite be regarded as a metastable phase, there are two equilibrium diagrams, 
one with cemontite and one with graphite. As shown by L. Forquignnn, in 1881, 
the hard iron carbide or cemontite is metastable at an elevated temp., and is 
liable to dissociate. 0. KulT, for instance, estimated that the time required to 
graphitize half the cemontite is decreased by half for every 10° rise of temp, just 
below 1135°, being ]6 sees, at 1105°, 8 secs, at 1115°, and 2 secs, at 1135°. The 
fact is also evidenced by the slighter graphitizatinn of steel than of cast iron, and 
of hypoeutectic than hypereutectic cast iron. In both these cases graph itization 
is favoured by the higher temp of solidification — vide infra. The higher the temp 
at wrhich cementite is formed, the more readily will it dissociate into graphite : 
F c 3 C = 3Fe + CgrapbJ te - The simultaneous production of ferrite and graphite is 
illustrated microscopically by the frequent juxtaposition of these products- - c q 
Fig. 64. It will be observed that the low sp. gr. of graphite in comparison with the 
cementite and ferrite is such that the sectional area of the ferrite from the parent 
cementite should be about four times that of its twin brother graphite. E. H. Samtcr 
found that when cementite is heated to 800° and slowly cooled, it yields 0-40 per 
cent, of gT&phite : when heated to 1000 l> and chilled, (K>G per cent. ; when heated 
to 1000° and slowly cooled, 2-45 per cent. ; and when fused at 1400° and slowf) 
cooled, 3 05 per cent. F. Mvlius nnd co-workers also observed the decomposition 
of cementite when fused. A Lodin pointed out that the dissociation of cementite 
is accompanied by an expansion, so that the formation of cementite will be favoured 
by compression such as is exercised by the outer zones on the internal zones m 
cases of rapid cooling ; and from this point of view slow cooling would thus favour 
the dissociation of the cementite. W II. Hatfield added that in cast iron the free 
cementite is broken up into free carbon and free iron between 800' and 900° ; and 
that the carbide resulting from the resolution of the hardenitc decomposes lictwccn 
660° and 700°, i.e. immediately after or during the hardemtc->pearlite change. 
K, Honda and T. Murakami concluded that graphite in fine cast iron is produced 
by the decomposition of cementite during cooling, and that graphitizaiion is an 
indirect process. H. P. Evans and A. Hayes inferred that below 700° and above 
850° remontite is metastable in jrnn-caibon alloys; and H. A. Schwartz added 
that a** the stable A 8 -point in thca* alloys approaches the Appoint, the concentration 
of the element promoting graphitization decreases, and ho concluded that the 
stable A 3 -point is below the metastable Appoint. The subject was discussed 
by I. It. Valentine, If. Nishiniura, II. It. Pitt, A. Ie Thomas, E. Schulz, and 
A. M. Portevin and P. Chevenard. A. Allison considered that sulphide inclusions 
in cast iron served as nuclei for tie* precipitation of graphite. J. McNanuim 
and f H. Long, nnd H. 8n wan im a made analogous observations; while L. Northcott 
found that the free carbon liberated nl*»ve WOO tends to become flaky, and 
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below 1000 it tends to take on the typical rounded form of annealing or tender 
carbon. The more compact the granules of carbon, the greater the malleability 
of fhe casting. The slower the rate of cooling, the greater the graphitization. 
This is exemplified by comparing the smaller proportion of graphite in the exterior 
of chilled castings of grey cast iron with that in the interior. J. E. Fletcher 
studied the structural relation between the original pig-iron and the derived 
cast iron, wrought iron, malleable iron, or steel ; and W. Bruch, the isotropy of 
cast iron. 

A. Achenbach, E. Adamson, A. Allison, J. H. Andrews, R. S. Archer, 1\ Hardcnhouer 
and co-workers, O. Bauer, H. ii. Beeny, 1*. F. Blackwood, J. W. Bolton, G. Cliarpy, 

E. J. (^ok, F. l>iepsc] i lag, J. W. Donaldson, E. Diibi, Y. A. Dyer, F. Erbrpieh, II. I J . Evans 
and A. Bayes, A. B. Everest, H. Field, J. E. Fletcher, W. Gahl, K. Glmz, 1*. Goerens, 
]!; ^ 0f ' rens ^d N. Gutowsky, C\ Gresty, F. Grotts, M Hamasumi, H Baneinann, 
V\ . H. Hath old, A. Hayes and co-workers, W. Heiko ond G. May, N. liukker, E Heyn, 

J. A. Bolden, P. Holtzhaussen, K. Honda and T. Murakami, J. E. Hurst, J. E. Jolmson, 
T. Kase, O. von Ivoil, O. von Keil and K. Mitsche, R. R. Kennedy and G. J. Oswald, K. von 
Korpoly, K. Kirk, C. Kluijtmans, O. KrOhnko, R. Kuhnol, R. Kuhncl and E. Nesemaim, 

F. C. A. II. Lantsberry, J. A. Leffler, D. M, I-evy, A. McC’ance, G. May, P. D. Merira and 
L. J. Gurevich, W. J. Merten, A. Merz and H. Schuster, E. Meyer, J. W. Miller, R. Moldcnke, 
E. Namha, F. K. Neath, G. Neumann, L. Northcott, B. Osann. J. (». Pearce, T. F. Pearson, 
D. H Pinsel, B. R. Pitt, E. Piwowarsky, A. M. Portevin and co -workers, O. W. I ’otter, 
H. ft. Kawdon and S. Epstein, R. T. Rolfc, P. Ropsy, E. L, Roth, F. W. Rowe, E. Scheil. 

K. Schmitt, E. Schulz, II. A. Schwartz and co-workers, J. Seigle, J. Shaw, F. T. Sisco, 
O. Smalley, A. Stadeler, B. Stoughton, II. Tammuru, A. le Thomas, H. P. Tiemann, 
A. V. Timmins, E. Touceda, T. Turner, G. B. Upton, W. K. Wobstoi, O. Wedemoycr, 
T. 1). West. F. White and R. S. Archer, F. White and H. E. Gladhill. F. Wust and 
co-workers, F. Wust. and E. Louenberger, and E. Zimruennann have studied the micro- 
structure, texture, properties, and the progress of the grapiutizatinn of cast iron, etc., 
with time. 

P. Bardenheuor and co-workers, and Gr. Neumann found that the form and 
degree of fineness of the graphite are the dominant factors in determining the 
tensile strength, bending strength, and resistance to shock. The results of these 
investigations show that the graphitizing reaction is not an erratic phenomenon, 
but it occurs through the operation of definite natural laws, but the physical 
constants involved are functions of so many variables that their application is 
distinctly complex. H. A. Schwartz found that the graphitization curves are all 
alike when plotted so as to show the graphite formation as a percentage of the 
possible total at different intervals of the time required to complete half the total 
miction. Graphitization proceeds by an increase in the size rather than in the 
number of carbon nodules. The rate of graphitization is determined by the rate 
of migration of carbon, in some form, through solid soln. or through ferrite. Either 
the form in which carbon migrates is always the same, or carbon in all its forms 
migrates in iron at the same rate. Equal increments in temp, multiply the rate 
of graphitization by equal amounts. In the initial stages of graphitization the 
speed is the same above and below the A 2 -arrest ; and the temp, ooeff. of the 
reaction is of the same order of magnitude. There is no perceptible discontinuity 
in the speed of graphitization at the critical temp. There is no reason to assume 
that graphitization does not progress at all temp., no matter how low. 1 J . Chevenard 
studied the volume changes which occur during graphitization. B. W. Winder 
found that graphite is formed during the rolling at a dull red-heat of steel with 
over 0-90 per cent, of carbon ; and A. Ledebur said that hammering produces a 
similar result. 

K. Tawara and 6. Asahara consider that carbon exists as cement ite in molten 
iron-carbon alloys, and that there is some dissociation, though possibly a small 
proportion, of the cementite in the soln. into carbon and iron The free carbon 
atom may Berve as nuclei for the graphitization when the conditions are favourable. 
When an alloy containing over 2 per cent, and less than 4*3 per cent, of carbon is 
allowed to cool sufficiently slowly, the primary austenite crystallizes out along the 
liquidus AB, Fig. 67, and the mother-liquor reaches the eutectic composition B . 
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At this point, when the cooling is sufficiently slow to maintain the equilibrium, 
since there are a number of the nuclei already present, graphite will crystallize 
together with austenite, forming the eutectic. As a general rule the deposition 
of the dissociated carbon from the molten system will bring about a further dis- 
sociation of the molten cementite, in order to re-establish equilibrium. This process 
is repeated and graphite crystals are developed. On the other hand, the residual 
molten alloy is diluted all the time by the ferrite, which is the contemporaneous 
product of the dissociation, and finally it will attain the composition A , which 
corresponds with that of sat. austenite having 2 per cent, carbon. Consequently, 
in the final state, there is a eutectic of graphite and sat. austenite, and the whole 
regulus consists only of graphite and austenite, the latter, of course, resolving into 
pearlite and needle-shaped cementite when cooled. If the favourable conditions 
for the solidification of this eutectic of graphite and austenite cease for example, 
if the rate of the cooling of the melt becomes greater ovir a certain range —that 
process will no longer take place, and cementite will crystallize out of the molten 
alloy. The separation of cementite at the point B does not represent a true equili- 
brium , it is a transitional and metastable condition. When the solidification of 
the alloy is not retarded sufficiently until the whole becomes solid, mottled cast 
iron will lie obtained — vide supra. 

II. A. Schwartz and co-workers assumed that the solid soln. of carbon in iron, 
boydenite, is a different phase from austenite, the solid soln of cementite in iron - 
vide supra ; and they explain graphitization as follows : 

The process is initiated by the separation of a graphite nucleus, possibly duo to carbon 
precipitated out by some local conversion of austenite into toy demit 1 and excess carbon 
The bulk of the solid soln , however, remains austenitic and maintains its rarhon coneon 
tration by dissolving cementite. More carlion precipitates and more cementite dissolves 
until the latter ib used up. 

H. Sawamura said that at a temp, below the Ax-arrost only one process can 
occur, namely, the decomposition of cementite, but above that temp the following 
processes may occur consecutively or concurrently : (i) the cementite is first de 
composed to iron and annealing carbon, and then the former absorbs the latter to 
secure stable equilibrium ; and (li) the cementite is first dissolved m austenite, and 
the excess carbon in austenite is precipitated as annealing carbon to secure stable 
equilibrium. This subject has been previously discussed. It. J Young described 
the manufacture of so-called pearlitic cast iron. A. M. Portevin and J J . Phcvenard, 
and A. lc Thomas discussed the influence of structure on the annealing o! cast iron. 
W. II, Hatfield did nut agree with i). M. Levy’s statement that the cementite ImIL 
up or spheroidizes before dissociation. 

As previously indicated, the graphitization of cementite is favoured by the 
presence of silicon. This was noticed by (». ('harpy and L. Gronet, II. Sawamura. 

F. Wust and P. Schlosser, A. Hayes and 11. E. Flanders, D. Hanson, E Piwowarsky, 
A. M. Portevin and P. Chevonard, J. H. Kiister and 0. Pfannenschmidt, F. Poll, 

G. M. Thrasher, 0. James, A. Alliuson, D. G. Anderson and G. K. Ilessmer, 
G. Takahashi, A, L. Norbury and E. Morgan, G. P. Hoys ton, and A. Lissner. 
K. Honda and T. Murakami explained the favourable influence by assuming that 
(i) a non-magnetic, unstable silicocarbidc is formed ; (li) silicon diminishes the 
solubility of carbon in austenite ; and (in) silicon raises the eutectic and eutectoidal 
temp. H. A. Schwartz found that equal increments of silicon multiply the rate 
of graphitization by equal amounts ; and the presence of silicon decreases the temp, 
cocff . of the speed of graphitization ; this has not yet been determined, but 
it approximates to the rule that the logarithm of the temp, cocfl. is a linear 
function of the concentration of the silicon. T. F. Pearson observed that with 
iron containing 2-5 per cent, of carbon, over 0-75 per cent, of silicon must be 
present to produce complete graphitization. The effect of silicon has been 
discussed in connection with Figs. 61 to 63, and also in connection with the silicon- 
ii on alloys. T. F. Pearson represented the effect of silicon on the graphitization in 
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vacuo by Pigs. 61 to 63 ; and the effect of oxygon was to shift the phase fields more 
to the right of the temperature axis. E. Piwowarsky, and H. Sawamura found 
that titanium also favours graphitization. The favourable action of aluminium on 
graphitization was observed by W. J. Keep, P. Longmuir, F. Roll, E. Piwowarsky, 
T. W. Hogg, 0* Mclland and H. W. Waldron, and H. Sawamura. 

The effects of sulphur and tnaftganese under most conditions arc to hinder the 
formation of graphite. The retarding influence of sulphur and manganese on the 
graphitization of cast iron was discussed by E. R. Taylor, W. Heike and G. May, 
B. Osann, E. Leuenberger, F. Roll, A. Hayes and H. E. Flanders, W. P. Putman, 
0. von Keil and R. Mitsche, F. Wiist, A. L. Norbury, F. Wiist and P. Schlosscr, 
D. M Levy, R. T. Rolfe, W. H. Hatfield, and H. Sawamura — vide infra , iron and 
sulphur compounds. H. P. Tiemann found that with the proportion of silicon 
very low, or with proportions of sulphur or manganese proportionally high, graphiti- 
zation is relatively slow even at 1050°. G. Ckarpy and A. Oornu-Thenard observed 
that witli 0*14 to 0*40 per cent, of carbon no graphite is formed in the presence 
of 2-20 per cent, of silicon, but with 4 per rent, of silicon graphitization is eompletc 
in 3 hrs. at 81)0°, and nearly complete in an hour. A. Lissner found that the 
eementite in white cast iron with 0-4 per cent of silicon and 0*15 per cent, of sulphur 
commenced to decompose at 765°, and, at the decomposition temp., rose with 
increasing proportions of sulphur until it attained 1020° with 1*24 per cent, of 



sulphur. F. Wiist and P. Schlosscr said that up to 0-5 per cent, of manganese 
is indifferent, and F. Wiist and H. Meissner, that its retarding effect does not 
appear until 2*5 per cent, is present ; and H. Sawamura, that the retardation 
appears when over 1 per cent, has been added. The retarding influence of man- 
ganese is attributed to the formation of exothermic Mn a C, which is more stable 
than Fe 3 (\ C. Benedicks, and H. M. Howe discussed the re-solution of the 
graphite by the austenite as the temp, rises to 900°, and its subsequent rcprecipita- 
tion on cooling. W. H. Hatfield concluded from his observations on the effects 
of silicon, sulphur, and manganese on the carbide in cast iron ; (i) the silicon is 
not uniformly distributed through the cast iron, but that the carbide, whilo not 
containing so much silicon as the matrix, still contains appreciable quantities; 
(ii) the manganese is in combination with the carbide to the exclusion of the 
silicon ; and (iii) the proportion of silicon in the carbide is low with high sulphur 
irons, and the sulphur is in some way responsible for the comparative absence 
of silicon. T. F. Pearson observed that in the presence of 0*03 to 0*04 per cent, of 
sulphur complete graphitization was prevented in c&Bt iron with approximately 
3-5 per cent, of oarbon. E. F. Diepschlag and L. Treuheit studied the effect of 
lime and of alumina in the slag. 

L. Quillet, W. H. Hatfield, M. Waehlert, 0. Bauer and co-workers, G. Takahashi, 
A. B. Everest, E. Piwowarsky and K. Ebbefeld, F. Roll, H. Sawamura, and 
J. Ckallansonnet found that nickel favours graphitization ; H. A. Schwartz, that 
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nickel hinders the work of silicon as an accelerator of graphitization ; and 

G. Brodsky, that nickel gives castings free from blow-boles and sponginess. 
0. Bauer and H. Sieglcrscbmidt, W. Lipin, and M. Hamasumi said that copper is 
indifferent , but II. Sawn mum, and F. Roll found that up to 2 per cent, favours 
graphitization ; 0. Bauer and E. Piwowarsky said that cobalt is unfavourable, but 
H. Sawamura said that the effect is favourable though feeble. E. Fiwowarsky, 
and H. Sawamura found that gold and platinum favour graphitization ; and 
T. F. Jennings, H. Sawamura, and F. Roll, that chromium , molybdenum and 
tungsten hinder graphitization. W. H. Hatfield, J. E. Hurst, F. Roll, E. Piwo- 
warsky, and J. Challansonnet, said that vanadium hinders graphitization; and 
P. Oberhoffer doubted this ; but II. Sawamura showed that the unfavourable 
effect is very marked. J. E. Hurst discussed the effect of titanium . J. E. Stead, 

F. Wiist, and P. Goerens and 0. Dobbelstein found that phosphorus prevents 
combined carbon existing in forms other than cenientitc. F. Wiist and P. Schlosscr 
said that up to about 0-5 per cent of phosphorus has no appreciable effect on 
graphitization ; while M. Hamasumi, F. Roll, and H. Sawamura said that it 
favours graphitization. The subject was discussed by O. von Keil and R. Mitschc. 



Per cent of element ftr cent of dement 


Fia. 64.— Relation of the Beginning Fig. 65. - The Relation between the 
Temperature of Graphitization to the Proportion of Combined Carbon in the 

Pro]K»rtion of added Element. Annealed Alloys and the Proportion 

of Added Element. 

F. Roll said that vanadium, chromium, and manganese preserve the carbide ; 
eobalt, nickel, copper, and zinc decompose the carbide; tungsten, uranium, and 
lead favour the formation of graphite ; whilst tin produces grey east iron, 
and molybdenum, boron, aluminium, silicon, germanium, phosphorus, oxygen, 
and sulphur partly preserve and partly decompose the carbide. II. Saito and 
K. Nishihara found that mangunese favours graphitization. 

II. Sawamura summarized his results in Fig. 64, representing the effect of 
different proportions of the elements on the temp, at which graphitization begins, 
and in Fig. 65 representing the percentage amount of combined carbon in the 
annealed alloy vith different proportions of the added clement. H. Sawamura 
showed that the elements which favour the graphitization of white cast iron are in 
the order of their decreasing strength Si, Al, (Ti), Ni, (hi, Co, and P. Platinum 
and -gold also favour the action, while the elements which hinder graphitization 
in the order of increasing strength are W, Mo, V, Cr, and S. Most of the elements 
which favour graphitization crystallize in a face-centred, cubic lattice, and most 
of those which hinder graphitization crystallize in a body-centred, cubic lattice. He 
showed that most of the elements which favour the graphitization of cast iron have 
a limit in their effect on the starting temp, for the graphitization of white cast iron. 
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White cast irons bavin# a high content of some clement* (e.y. Si, Al, Ti, P) begin to 
graphitizc at temp, lower than their Arj. The stability of the cementite in the 
oast irons with silicon or aluminium changes with the content of carbon and the 
added element, and the cementite in some of Ihe alloys directly decomposes at temp, 
lower than their Acj by annealing, These facts probably hold w other cases. In 
white cast iron alloyed with some elements a part or all of the carbon may exist in 
a combined form different horn cementite. The stability oi the combination, oi 
course, influences the graph itizat ion of the mother white cast iron, c.g. alloys with 
silicon or aluminium. In white cast irons which rapidly graphitizc by annealing— 
that is, alloys containing a high proportion of silicon, aluminium, titanium, or 
nickel- the form of the tornper-curbon produced is always governed by the form of 
the cementite and in most cases is flaky. Both the number of particles and the 
grain size of the temper-carbon are also governed by those of the cementite in 
the alloys. In white cast iron which slowly gruphitizes by annealing — that is, 
alloys with a low proportion of silicon, aluminium, titanium, or nickel; or con- 
taining cobalt, copper, phosphorus, molybdenum, or other elements having an 
unfavourable effect on graph itizat ion- -the form of the temper-carbon is different 
from that of the cementite and is always nodular. Generally speaking, the giam- 
sizc of the nodular temper carbon is far larger and the number of the grains is 
far smaller than c\ ported from the structure of the alloys in thi* card state. The 
mechanism of the formation of temper-carbon is of the same nature as that of 
the formation of gr&pliitr m cast iron during cooling, and consequent])' the cflec t 
of the elements on the formation of graphite in east iron can lie approximately 
inferred. 

By annealing specimens in atmospheres of earl am monoxide and dioxide, under 
press , at 927°, A. Hayes and (I. C. Scott showed that the rate of absorption ol Iree 
carbide was increased nearly 100 percent. ; and at the critical j.mge graplntuation 
was inhibited by the gas mixture. H. Sawainura studied the eftoet of gases on the 
graplutization of east iron, and found that the uction is retarded by hydrogen, 
ammonia, and methane : carbon monoxide and dioxide have a moderate retarding 
effect ; and nitrogen, oxygen, and air are indifferent. The action with malleable 
cast iron is rapid in carbon dioxide, and it is retarded by hydrogen, ammonia, and 
methane. T. F. Pearson observed that whilst sulphur and oxygen separately tend 
to inhibit graphitization, together they counterbalance one another to some extent. 
The general effect of ox)'gen is to push the phase fields to the right of tlie temp. axis. 

H. Sawamura- discussed the effect of the rate of solidification of white cast iron 
containing silicon, and found that the effect on the graphitization is remarkable. 
A given wiiite cast iron graplntizes more easily the faster it. lius been solidiiied, 
and the increase in vol. due to complete graphitization is far greater with Ihe 
rapidly solidified metal than it is with the same metal more slowly solidified. The 
effect of the tevijieraturc of casting on the properties of tlie metal has been examined. 
Apart from the regular mechanical defects in eastings produced at too low* or loo 
high a temp., the mechanical properties of cast iron ur steel are to some extent 
determined by the initial temp, at which the molten metal enters the mould. 
T. Turner observed that cast iron is perhaps not so sensitive to the effect of varia- 
tions due to pouring temp, as are some other metals, and herein lies one of its great 
advantages, in that castings are not so readily sjxiiled by inattention. R. A. Had- 
field said that steel cast too hot has a peculiar crystalline frac ture, which disapjiears 
on reheating, but the metal is never quite satisfactoiy ; and if the metal is cast too 
cold, the metal is unsatisfac tory in mill and foige. J. O. Arnold also found a 
difference in the mechanical properties of steel which had been c ast at different 
temp. G. M. Thrasher found thut by varying the pouring temp, it is possible to 
pour a test of mottled cust iron and of grey east iron from the same ladle 1 of iron. 
1\ Oberhoffer and H. Stein considered 1240° to lie the optimum temp, for casting 
ordinary iron from a cupola. G. Hailstone obtained the best results between 
1428° and 1386°. A. McWilliam found that with special crucible steels the metal 
VOL. XII. 3 A 
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should bo cast as cold as possible consistent with the last drop being liquid and 
falling into a thoroughly liquid bath. A. le Thomas discussed the effect of the speed 
of cooling and said that the strength of the metal depends on a kind of heredity, 
i.c. tin the structure imposed on the metal during solidification. Observations were 
made by F. Beitter, H. H. Campbell, A. Sauveur, E. Piwowarsky, C. Schreiher and 
h. Mcnking, J. E. Hurst, A. McCance, H. A. Schwartz, E. J. Lowry, A. Ledebur, 
W. J. Keep, E. Deny, E. F. Diirre, J. Kollmann, T. Turner, F. Busse, F. J. Cook, 
K. Honda and T. Murakami, H. Hanemann, E. Meyer, T. Klingenstein, V. Barden- 
heuer and co-workers, H. M. Howe, and K. Hohage. 

W, H. Hatfield observed that the temp, of casting influences the proportion of 
combined and free carbon. The higher the casting temp , the greater the pro- 
portion of combined carbon. G. Hailstone 
also said that as the casting temp, falls, the 
proportion of combined carbon is reduced. 
P. Bardenheuer and K. L Zoj'en also 
observed that the higher the temp, at 
which cast iron is heated in the molten 
state, the smaller ir the amount of graphite 
which separates on cooling, F Sauerwald 
and A Koreny found that the rate of 
dissolution of graphite in cast iron at 
1255° and 1350° follows the regular law, 
l>eing proportional to the degree of satura- 
tion of the molten metal, the form of the 
graphite particles, the temp., and the time 
of contact. The amount of graphite dissolved in a given time increases rapidlj 
with temp., and that dissolved at a given temp, at first increases rapidly with time 
and then proceeds more slowly and the results furnish a hyperbolic curve. 

G. Charpy. speaking generally, observed that the size of the crystals varies 
with the speed of solidification ; the slower the rate of solidification, the more the 
crystals are developed. Generally the size of the grain is increased by easting at 
a high temp, and in warm moulds, or in cooling slowly On pouring at a low 
temp., in metallic moulds so as to ensure rapid cooling, a fine crystallization will 
result. As the conditions of pouring modify equally the mechanical properties 
corresponding with a given composition, one can form an idea of the projierties 
of a cast metal from the size of the grain, as has been done by A. Sauveur in the 
case of steel. P. Longmuir found that in general bars of cast iron are dry and open 
in fracture with a high casting temp. ; close and uniform with a medium casting 
temp. ; and open luth a low casing temp. Bars cast at a medium temp, were 
sounder than those cast at a high or at a low temp. The sp. gr. of cast iron is, as 
a rule, increased by lowering the temp, of casting. A sample of cast iron with 
3-35 per cent, of combined carbon, caRt at 1440° and 1299° respectively, gave tensile 
strengths of 9*4 and 12-1 tons per sq. in. Again, a steel with 0-52 per cent, com- 
bined carbon, 3-4 graphite, 1 -78 Si, 0-28 Mn, 0*04 S, and 0-28 P, when cast at 
1400°, 1350°, and 1245* gave tensile strengths of 9-7, 14-1, and 10-6 tons per sq. in. 
respecti\ely. In general, with both cast iron and steel, the tensile strengths, 
elastic limits, and elongations were better when cast at the intermediate temp., 
and this also applied when the cast metal was heated to 1000° and slowly cooled, 
or annealed, or quenched from 940°. E. Piwowarsky, and E. Hcliii/. discussed the 
annealing of cast iron. W. H. Hatfield, however, observed that there is a great 
variation in the strength of cast iron of the same composition und than the variation 
docs not appear to follow any recognizable rule with regard to the temp of the 
casting operations ; that a difference in mechanical tests is generally accompanied 
by a difference of microstructure ; and that the inequalities of the metal can be 
annulled by a judicious heat treatment; that is, under certain conditions, the 
irregularity need not persist after heat treatment. 



Fig. 66.— Tho Dimnlulion of Graphite in 
Molten Iron 
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C, Benedicks and H. Lofquist thua doeoribed the constitution of grey cast iron. Struc- 
turally! grey cast iron contains (i) A ground -mass of iron, generally containing in soln. a 
considerable amount of silicon (silico-femto) and also some manganese, (ii) Graphite, 
occurring partly in the form of large lamella 1 precipitated during solidification, parti)’ 08 
smaller particles precipitated in the solid state (temper carbon) ; its total o mount is 
gen orally about 3 per cent, (iii) A certain amount of combined carbon, occurring generally 
as poarhto. If the manganese is high and the silicon low, the carbon may also bo present 
as free oomenlite, formed during the solidification. Further, impurities occur, such as 
phosphorus and sulphur. Tho most characteristic feature of the cost iron zn&y be said to 
bo its high degree of heterogeneity, due to the soft graphite lamella. Their considerable 
quant it) and extent cause a low tensile strength, unusual for metallic materials ; os a matter 
of fact, the graphite lamella? art as notches, inducing cracks. 

W. H. Hatfield regarded grey cast iron as a matrix of ferrite or of silicofcrritc 
strengthened by pearlite which is cut up and weakened by numerous plates of 
graphite and possibly also of phosphides. If the proportion of silicon ij low, or 
if other favourable conditions exist, a comen tite network is formed, and this 
strengthens the material under compression. Annealing relieves the internal 
strains set up during the solidification of the iron, and it also softens the casting. 
A short annealing of grey cast iron between 750° and 800° breaks down the cement ito 
network to form graphite and ferrite. Mutatis mutandis, the grey cast irons, indeed, 
are structurally similar to carbon steels, but the cast iron is weakened by the presence 
of the graphite flakes, jn^t as would be the case if the steel were weakened by a 
number of indiscriminate tracks. Thus, J\ Longmuir found that grey cast iron 
with 0-B2 per cent of combined carbon and 3-4 per cent, of graphitic carbon, cast 
at I3f>0\ had a tensile strength of 14 1 tons per Hq. in., and when annealed at 940° 
and cooled slowly, tho tensile strength fell to 9*9, and when cooled by quenching, 
to 30 tons per sq in. W. H Hatfield observed that the weakening of the metal 
bv annealing is connected with the way the graphite segregates during the heat 
tieatmojit. A. Campion and «T W. Donaldson found thnt the strength is improved 
by heat tieatment up to 4(K) , ami is no! serious!) modified up to 7(H) *. K. Graziani, 
K T. Bolfc, and \\ . ii. Hatfield observed flint annealing below 500 n reduces tho 
initial strains set up during the solidification of the metal, without at the same 
time materially affecting the mechanical strength ; and J. K. Uuist observed that 
the eoiulmied ourbon is uot quite stable at 5 75 l> to GOO”, for annealing at these temp, 
generally reduces the hardness and tensile strength. The weakening or emhnUlmg 
action produced by the graphitization of cast iron was also confirmed b\ the work 
of W. J. Keep, W. A. Jenkins, G. Jiingst, G. It. Johnson, E. Gndley, G. L. Norris, 
W. 1\ Putman, S. B. Chadsey, B. Osann, etc. The softening of grey east iron is 
affected by annealing for fi to 12 hrs. at 030' , or by cooling slowly Iroin 800° to 900 \ 
H. Sawamura represented the speed of graphitization by V -at n , or T r - ak w 9 u , 
where a and Jc denote constants, and V denotes the speed, t the time, and 0 the temp. ; 
while n is probably a constant and independent of the chemical composition, or 
else is equal to 2, and o variable. It was observed that the speed of solidification 
of cast irons with silicon as an impurity is independent of n and a, but the speed 
of graphitization at the eutectic temp, of quickly solidified cast iron is greater than 
that of slowly solidified cast iron of the same composition. The amount of ccmentite 
remaining un decomposed in caBt iron depends on the product of the speed of 
graphitization of cast iron at its eutectic temp, and the time occupied in cooling 
from the eutectic temp, to the temp, at which graphitization begins. Hence, the 
degree of graphitization of white cast iron greatly depends on the temp, at which 
graphitization begins and the speed of graphitization. II. A. Schwartz and co- 
workers also discussed the mechanism of the reaction. There is nothing to show 
that graphitization does not occur very slowly at low temp. The curve* furnished 
an equation which, by extrapolation at 20°, indicated that white cast nun, alter 
the hipsc of 20 years, should contain about 0-0001 per cent, of graphite. The 
thermal coed, of the reaction indicated that a rise of 20° multiplied the velocity 
by 1*229. W. Fraenkel and E. Heymann discussed the kinetics of the process 
of annealing- -vide supra. 
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Observations on the annealing and heat treatment of cast iron and steel were 
reported by E. Piwowarsky, E. Schiiz, 0. W. Totter, A. Pomp and co-workers, 
R. Stotz, F. Wiist- and E, Lcucnberger, E. Leuenbergcr, II. E. Dillor, P. ChevenaTd, 
E. Touceda, J. E. Stead, H, R. Stanford, R. A. Hadficld, G. P. Royston, C. James, 
N. Hekker, V. V. TJsoff and N. N. Pustuimikoff, E. TI. Putman, G. 0. Davis, 
A. Hayes and co-workers, H. Fay and S. Badlnm, Y. Watanabe, etc. G. Charpy 
and L. Grcnet summarized their observations as follows : (i) free carbon separates 
at a lower temp, when the proportion of silicon is high ; (li) the separation of 
free carbon once begun continues at temp, below those which inhibit the reaction ; 
(iii) at a constant temp, the separation of carbon is effected progressively more 
freely as the temp, is lower and the proportion of silicon is less ; (iv) the amount 
of combined carbon which corresponds with a state of equilibrium at a given 
temp diminishes w r ith an increase in the silicon content ; (v) the amount of combined 
carbon corresponding with a state of equilibrium diminishes as tlio temp, decreases ; 

(vi) the structure of the temper-carbon varies with the temp at which it is produced ; 

(vii) the precipitation of carbon is more complete in certain regions, and proceeds 
from various centres; and (viii) the ultimate stable phases are ferrite and free 
carbon. A. Hayes and G C Scott studied the effect of annealing in an atm. of 
carbon monoxide and dioxide under press. 

According to W H. Hatfield, a small casting of cast iron is brittle and will not 
resist shoi k ; small steel castings cannot be made cheaply because of the com- 
parative difficulty in attaining a sufficiently high temp to make small castings 
satisfactorily. Cast iron can be melted with ease and cast into the smallest and 
most intricate shapes. Hence, the discovery that the annealing of some kinds of 
iron furnishes a product almost as tough and ductile as wrought iron became of 
great industrial value. In 1722, R. A. F dc Reaumur softened cast iron and 
it malleable to a certain extent by exposing it to a high temp, with 
air while embedded in hficniatite- safnw d( Mars ; he found that the 
red oxide of iron gave better results than chalk, bone-ash, etc. S. Lucas 
obtained a patent for a similar process in 1804. About 1732, C. Neumann also 
noted that : 

Cast iron surrounded by tinimal fishes, and exposed to u hro not sufficient to melt it, 
becomes in a shorter or longor tune, according to the strength of the flic and thickness of 
the me tul, so sott that ornaments or utensils made of it, however hard betoio, may now he 
easily cut, hied, embellished, oi iroed iroin their superfluities. The gradual changes 
produced m this process are pretty remarkable. 

In 17CH, J. Ashton obtained a patent for softening cast iiun by the heat of a 
slow fire ; and in 1783, G Matthew's obtained another patent for softening large 
castings such as guns, etc , by a similar process ; and J. E. Reauvalet, still another 
in 1852. The subject is line connected witli the decarburization of cast iron- -vide 
wfra. The product of pi or esses based on that of K. A. Y de Reaumur is sometimes 
called European or Reaumur’s malleable cast iron. It will be observed that rapid 
cooling of cast iron favours the formation of comoutite at the expense of the graphite, 
and it also yields the graphite in smaller granules. When the graphite is generated 
in cast iron at the high temp, of solidification, 1133 r , and immediately below, the 
mobility is great enough to allow the graphite to assemble in long Makes, which 
break up the continuity of the mass so as seriously to interfere with its mechanical 
properties. If, however, the giuphitc be generated at a lower temp , say at 730° 
fur 00 hrs., it forniH an impalpable powder filling the interstices between a skeleton 
of ferrite and pearlilo, as shown in Fig, 58 The continuity of the mass in ennse 
queiice is not so seriously broken. The puipose of black-heart malle&bilizing is 
to break up the hard and brittle cementite so .is to avoid the development of the 
graphite during and immediately after solidification, but to induce its formation 
at about 730°, when it is in a condition to do least harm. The product of this 
operation is sometimes called American malleable cast iron because of its develop- 
ment in Ameiican foundries. It is also culled black-heart, and that produced by 


rendered 
excess of 
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the Reaumur’s process white-heart. It gives higher mechanical tests than the 
Reaumur malleable cast iron. 

Tlie manufacture of malleable civJ» iron wan disriihscri by (3. A. Ackorliiiil, E. Aclunmon, 

E. Adamson nnd J. E. Flotclior, It. J). Alien, J. If. Anderson, I*. Hnrdcnhcuer, Y\’. R. Bean 
and co-wurkers, A. .1. Book, (4. A. Blumo, E. t 1 . Boeliringor, S. Holland. A. Houshu. 
O. Drauor, E, Bremer, J. Rronn, V. Husquot, A.Cftinies, E k F. C’ono, F. J. Cook, AT. l>alifol, 

K. W. Davenport, (). Davis, J. I>. Dcrishcr, W. J. Dioderielia mid JI. K. Elandem, 
if. E. Diller, It. F. Dowell and J.T. (low, E. F. Dune, M. Epstein, F. Erbmirh, (1. A. Evans, 
YV. T. Evans and A. E. Peace, S. J. Felton, 11. Field, B. Finney, E. 1*. Fischer, D. P. Forbes, 

L. Forquignon, It. Gailly, L. E. Gilmore, N. (F Dirst-lim* itseh and E. t\ Widin, M. Ouedras, 
A. ifarloy, W. II. Hatfield, A. Hayes and eo-workers, N. Hekkor, H. lleincnuay, 
<\ C. Hermann, Cl. Vlofer. F. II. Hurren, II. YV. Hyde, ('. .Tames, A. T. Jeffrey, T Kikuta. 

F. It. King. C. KlujjtinaiiR, l\ E. K Imp mans and YV. H. YV. Proctor, B. Kranz, (3. F. Fuchcr, 
Al. Landa, E. II. Deasmuii, M. Ferny or, T. Lavoie, O. AT. Levy, A. Fissner, T. I). Lynch 
and W. J. Merton, M. M. Morons, L. If. Murshull. J. McNamara and C. II. Forig, 
F. A. Molinoth, A. YV. Merrick, It, Moldenke, .T. V. Murmy, E. Numbs, It. Nuinias, 

J. IF Nealey, S. S. Nokrvti, I* ObeilioOcr and .1. Weller, 1*. OlierhofTer and K. Zingg, 

K. (’. Onglev, B. (Kami, S. J. Parsons, P. A. Paulson. A. E. Peace, J. P. Peru, J. I*. Peru 
and J. (\ Nulbon. \. Phillijisnnd K. S. Davenport, E« Biwouaraky, C. H. Plant, V F. Pollard, 
YV. 11. Poole, E. JI. Putman, YY\ P, Putman, It. N. Richardson, J'. ltodigin, («. P. Kinston, 

D. ftailo and 11. Suwarnura, U. Sarnia, O. Kohliewiensky, \Y T . Schneider, E. Schumann, 

E. Scliuz, JI. A. Schwartz, G. It. Shot ton and It. (J. Hall, It. II. Smith, 11. IF Stanford, 

(). Y\h Si nicy. JF Stotz, H Stoughton, (\ F. Sullivan, E. K, Tu\ lor, J. H. Tong, A. le Thomas, 
(j. AF Thrasher, E. Touccda, T. Turner, I. IF Valentine, P. Vidor, A. YValilliorg, 

H. Wedding, E. t 1 . Wheeler, A. E. YVhite, A. E. White and H. S. Archer, D. Wilkinson, 

F. W'ust, and IF Wiist and E. Leiumliergur. The properties ot malleable cast iron were 

diHCURsed by A. (3. Abheroft, P. Aubie, II. HornsUdn. E. Chamberlain, A. T. Fluid and 
YV. P. ileincken, F. It. Coyle, IF E. Diller, H. Field, M. (lailly, C. II. Gale, F. E. (iilmuro, 

W. H. Hatfield, F. Henfling, (1. Hofer, F. H. Hurren, I). 11. Tngall and If. Field, 

E. E. Alarbaker, F. H. Marshall. A. Mertens, IF Moldenke, W. J. Molineux, .1. V. Murray, 
E. Nuinhu, A. K. Outerbridge, A. Phillips and E. S. J Ui\ enport, J. Piers, 11 Ihnsl, 
W. P. Putman, O. Quadrat anrl J. Koritta, E. Schuz, H. A. Schwartz, K. K. Smith, 
E. K. Smith and Y\ . Harr, 7. K. Smitlison, IF It. Stanford, J. E. Stead, R. Stotz, 
C. F. Sullivan, E IF Tailor, 10. Touccda, E. C. YVliceler, YY . Valentin, and J, Jt. Valentine. 

The following tire some books and monographs on nmlleublc irons : 

IF YY”. Cra\or, bibliography of Article* on MallvuhU ( 'rasi Iron sTnrv 1894, Pittsburg, 
1895 ; Hull. lint. t'ant Iron ltunarrh A*(ioc. 9 1, 1923; YY\ H, Hatfield, ('<u*t Iron in the 
Light of llvcmt lit m arch m Fondon, 1912 ; 11. M. Howe, Iron , iStcf-l, and othir Alloy*, Boston, 
1903; Metallography of Stal and (’ant Iron , Now York, 1910; It. Moldenke, The Pro- 
duction of Mal/cabh Casting*, Cleveland, Ohio, 1921 ; S. J. Parsons, Math able ( y a*t lion , 
New York, 1919 ; E. Schuz and It. Stotz, JJrr Tcnipcrgus*, Berlin, 1930 ; IF A. Si hwartz, 
Amirtrun Mallcabh Cast iron , Cleveland, U.H.A.* 1922; T. Turner, Mitallurgy of Iron , 
Fondon, 1915. 

J. E. Johnson induced a Spheroidization of the graphite by first besneincrizing 
the iron at t low lemp., and when ihe iron is romolted w ith some silicon, the. requited 
degree of gruphitizution is obtained, fur the sphemidized characteristic persists 
during the reinelting. J. K. Johnson’s idea is tliut the oxygen introdueed during 
the bossemerizing lowers the temp, of graphitization relatively lo that of solidifica- 
tion, so that the rigidity of the muss prevents the graphite spreading out info broad 
flakes. 

In the process employed by JF A. F. do Reaumur for malleabilizing cast iron 
Ihe iron is embedded in red oxide of iron, so that in addition to the transformation 
of hard cement ite into graphite and soft ferrite, a process of docarhurization, or 
decarbllrization by the oxidation of the carbon, is at work ; and J. J. Berzelius 
said that when iron rich in carbon is heated in air- v g. in converting east iron into 
wrought iron— the air does not come into contact with all the particles, but carbon 
travels from within outwards until equilibrium is established. This is a reversal of 
the process of cementation (r/.t\), in which, according to A. C. Beequerel, the atoms 
of hron* at the surface which have combined with carbon turn half-round, give up 
their carbon to the iron atoms immediately within, take up another portion at the 
surface, and so on until the two substances have penetrated one another completely. 
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At ft red-heat the iron is sufficiently soft to allow this rotation of the atoms. 
A. F. E. Degen admitted that this is possible, though the hypothesis has too much 
imagination and loo little fact to be accepted in detail at the present day. Accord- 
ing to A. licdclmr, the decarburization is not confined to the surface of the glowing 
piece of iron, but it also penetrates to the inmost parts. As long aH the heating is 
sufficiently prolonged and the temp, is high enough a circulation of carbon takes 
place. 'When the carbon at the surface of the iron is oxidized, the carbon flows, 
so to speak, from within outwards, ho that the concentration of the carbon in each 
part approaches uniformity. As soon as one part has a less proportion of carbon 
than another, the carbon may be imagined as passing from one molecule to another. 
F. Wiist did not accept the diffusion hypothesis of A. Ledebur, and lie said that the 
process of diffusion can occur where carbon is iu soln. ; free carbon can in no 
way travel from mol. to mol. in solid iron. It has been shown above that t lie 
successful production of malleable cast iron depends largely upon the precipitation 
of carbon, so that the niallonbilizatmn involves the elimination of the carbon by 
oxidation and the precipitation of annealing carbon. F. Wiist said : 

Tlic oxidation ol the annealing carbon can take place not only at tho points of contact 
liotweeii the iron oxide and tho heated iron, but it also must distribute itself throughout 
tin* 1 mass of metal. The carbon, bo said, does nut move towards tlio oxidizing agent, hut 
conversely, the oxidizing agent lieginning its activity at the surface, gradually penetrates 
the metal, and in this way reaches tho annealing (aibon not yet oxidized Aceoidingly, 
the oxidizing agent can only be a gas giving off oxygen, and tho iron oxide used to eairy 
on the process of elimination effects only indirectly the conversion of carbon into gas. 

F. Wiist showed that the elimination of carbon is confined to the free annealing 
carbon, since analyses hIiow that only that form of carbon diminishes, while the 
combined carbon remains constant. The gas which actually effects the elimination 
is carbon dioxide, for that gas decreases and carbon monoxide increases during the 
deearburization. The ferric oxide begins to give off oxygen at about 000°, and this 
oxygen combining with the free annealing carbon produces carbon dioxide ; as 
soon as the oxygen has been used up, tlu* process is kept up by the carbon dioxide, 
which unites with the annealing carbon to form carbon monoxide ; that carbon 
monoxide then reacts with the iron oxide, reducing it to metallic iron and ferrous 
oxide, whereby carbon dioxide is again generated The ratio 00 2 . 00 in the gas 
thus depends upon the proportion of ferric oxide to the cast iron being decarbunzed. 
The rise of press, reaches its maximum, temp, constant, when a state of equilibrium 
is established between the partial press, of the oxygen and the dissociated press, 
of the iron oxide. If there is a lack of oxygen from the bed of ferric oxide, the 
cai bon dioxide is not regenerated and the proportion of carbon monoxide in the 
mixture cun increase to such an extent that the process of deearburization becomes 
one of cementation. Under these conditions a microscopic examination of a 
polished and etched secticu shows that : 

The metal lienig decarbunzed lias a surface of ferrite, below that is a layer of pearlite, 
and in the middle is a layer of ferrite and annealing carbon. The band of pearhte is sup- 
pose d to have been formed by a reversal of the annealing process into a cementation process. 
The carbon monoxide increases to such an extent that it can neither have an oxidizing 
art ion nor remain neutral, but, acting in accord with 3Fo+2CO Fe a C4 CO a , it produces 
an increaso of carhon in tho metal, for the iron takes up carbon from tho carbon monoxide. 

I\ Goerens accepted F. WiiBts theory of the process of deearburization ; but 
W. H. Hatfield did not agree with the assumption that carbon must be precipitated 
from solid soln. before it is oxidized, because the separation of carbon from white 
uist iron occuth throughout the mass, and hence, in F. WiiBt's experiments, if the 
caibon in t lie interior is in the combined state, the outer dccarburized layer does not 
contain free carbon. He therefore represented the process of deearburization : 
2Fe 3 0-| 200 2 =fiFe+400 ; 2C0+() 2 “2C0 2 ; 2C0 2 +2Fe 3 C----6Fe+4C0 ; and 

so on ; and not as F. Wiist did : Fe 3 ( !— OTe-f-O ; C+C0 2 =2C0 ; 2004 0 2 - 2C0 2 ; 
0 \ 00o 200 ; and so on. W. H. Hatfield also said that the surface of the billet 
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or ingot in any mill or forge has a tendency to be decarburized by furnace gases, 
and this with steels free from combined carbon ; and that at 960°, the temp, 
employed by F. Wiist, much of the unnealing carbon would re-combine with the 
iron. This is in accord with observations by VV. If. Hatfield. K. A. Had field, 
T Murakumi and H. Kekiguchi, J. 0. Arnold and A. Me William, E. II. Schulz and 
1*. Nieineyer, E. If Sanitcr, 0. P. Royal on. G. (’harpy, V. Bened icks, M. Winter 
and P. B. Crocker, and H. F. Kugan and II. ( ( . H. Carpenter. F. CSiolitti, in 
opposition to F. Wiist, said that in producing malleable iron decarburization does 
not occur until the carbon of the eementite has separated in the form of temper- 
carbon, and that the oxidation of the carbon in the interior of cast iron is due 
exclusively to tlie penetration of the heated metal by oxidizing gases. Besides the 
temper-carbon, tho carbon dissolved in the iron is oxidized directly ; and in 
addition to the penetration of the heated metal by the oxidizing gases, the dissolved 
carbon migrates towards the surface of the iron owing to differences of concentra- 
tion in the inner and outer portions of the metal. W. II. Hatfield thus summarizes 
his interpretation of the dccarburization : 

The carbon is eliminated while still in combination with tho iron. At the comparatively 
low lemp o| 750 this reaction begins to take place between the carbide ot iron and the 
oxidizing medium. Tho activity of the elimination gradually becomes gi eater with the 
increase in temp until a temp, is reached at which, according to tlie composition ol tho 
nun, tho precipitation oi annealing carbon takes place, until equilibrium for tliat temp, is 
established. Previous to this precipitation tho iion consists of a decarburized oxtonor, 
with tho interior still retaining the original quantity of combined carbon After precipita- 
tion tho decarburized exterior in util! present, but m tho centre there in a composition equal 
to saturated or slightly supei saturated stool, in which the precipitated temper-carbon ia 
contained. Tho carbon now in soln. would appear to diffuse outwardly to tho bkin to 
replace the already eliminated caibon. As in this manner further combined carbon is 
removed from the iron, so is tho equilibrium maintained by the absorption and Holn of 
more temper-carbon to fill its place. Tlie effect of a diffusion or absorption of temper- 
caibon in this manner is shown by the fiict that on the completion of the softening of this 
material considerable quantities of annealing carbon remained. 

E. 1). Campbell and co-workers, and J. Ciscliina studied the dccarburization 
of steel hy hydrogen; J. V. Emmons, by hydrogen, steam, carbon dioxide, 
oxygen, and air; and W. E. Jorniny, and H. Belloc, by occluded gases. For 
the dccarburization of steel by hydrogen and nitrogen, vide mfta , chemical 
properties of iron. No dccarburization occurred below the Ac j -arrest. It was 
inferred that the carbon must form a solid soln. with iron to permit of its 
oxidation, and tlie depth of oxidation is dependent on the speed of dilTusion 
of the carbon. Steam had the strongest action, then carbon dioxide, and finally 
air and oxygen. No action at all was observed ivith hydrogen. J. V. Emmons 
also noted that steel is decarburized if heated in charcoal at 780°, mid 
H. C. Greenwood obtained a similar result, and also noted a dccarburization when 
the metal is heated in a lead bath containing a little oxide. H. Scott observed that 
in air there is scarcely any decarburization, owing to the fact that scale formation 
proceeds at the same rate as dccarburization. Heating half an hour at 1000“ gives 
the same depth of decarburization as an hour at 970°, but less ferrite is fanned than 
at the higher temp. E. H. Schulz and P. Niemeyer found that in air no dillcrcncc 
was observed with planed, ground, and polished surfaces ; for a constant period of 
time the decarburization is proportional to the temp. ; at the same temp, the speed 
of decarburization is greatest at the beginning of the he.aling : in a euteetoidal 
steel incipient decarburization appears after 2 iirs.’ heating at 7(K)° ; euteetoidal 
steel dccarburizes deepest, and a hypocutectoidal steel dccarburizcs deeper than 
a hypereutectoidal steel below 1000°, but at 1100° the reverse is the rase ; silicon 
and tungsten, steels show distinct decarburization at 800°, but chromium and 
manganese steels show no trace of decarburization at 900°; at 1000°, chromium 
steel showed a decarburization of 0-06 ram.; manganese steel, 0-2 mm. ; silicon 
and curbon steel, 0-3 nun.; and tungsten steel, 0-4 min.; and at IKK) 1 , 
decarburization is fastest with chromium steel. Hence tungsten should promote 
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decarburization, chromium and manganese should reduce il, and silicon should 
have no influence. 

A Johansson and R. von Seth showed that the main reactions concerned in the 
carburization and decarburization of iron by mixtures of carbon monoxide and 
dioxide are Fe 3 (V 3Fe f C and 2C(\-C-| COo, on the assumption that carbon has 
a small but definite vap. press which is constant for a given form of carbon at any 
assigned temp., but is variable for different modifications of carbon. Let the 
concentration of carbon dioxide, carbon monoxide, and carbon vapour be 
respectively denoted by [CO]. [00 2 ], and [C 3 ] ; then, for equilibrium, [(H)] 2 
AYrC0 2 ][C a ], but since the vap press, of carbon is constant, [COJ 2 A' 3 [C0 2 ], 
where AY, [C 3 j, and K$ are functions of the temp. only. Let ICj] denote the vap. 
press, of the carbon of cementitc, and [C\>] that of the carbon of the solid soln. of 
carbon in iron, then [C 2 ], unlike [C,]. is a function of the concentration of the carbon 
in solid soln as well as of the temp For the reaction 3Fe ( 2(H) -C() 2 i FejC, 
fCOp A' l , [( < 1 ][C0 2 |, where AY A’/, the dissociation constant of carbon mon- 
oxide, and [C] J [C 2 |. Consequent h A’ ; /[C 2 ] AY I f \ 1 AY and [(‘Op A r ,[C0 2 ]. 
Hence, 


ot the equilibrium constunt.s of the reactions 3Pe | 2C() Fc t C I C0 2 and 
2( , 0“K , -| C0 2 stand in the same relation as the carbon piess of cement ite and 
elementary carbon Fig 67(1 represent * part ot the iron carbon equihbiuun diagram. 
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Below the Ac j -arrest, at about 720’, ferrite and cement ite appeal ; above that 
temp, the system contains one oj two solid phases. Between A' and A (0 to (KT) per 
cent carbon) the system at, saj, 80( ,f contains ferrite and austenite: between A 
and B (0-35 to 1-05 per cent, caibon), austenite only; whilst between B and B* it 
contains austenite and cement ite The \ariation in tin* pioportiou of carbon in 
austenite, at 800°, is shown in Fig G7/>. The pio]iortion is constant below' A (about 
0-35 per cent, carbon), though the qualities of ferrite and austenite vary w f ith the 
proportion of total carbon, but tin 4 austenite does not hold less than 0-35 per cent, 
carbon. Between A and B , where austenite alone is present, the proportion of 
carbon in the austenite i* the same as m the alloy. At aiul above B the austenite 
is saturated with carbon, so that its composition is constant A higher proportion 
of carbon alters only the relative proportions of ccmentite and saturated austenite 
The reaction 3Fc-] 2CO v -‘Fc :i C | C() 2 represents a Invariant system in the 
presence of two solid phases, and tervariant in the presence of one solid phase 
between A and the additional variable being the carbon vap. press, of the 
austenite. Consequently, the proportion of carbon dioxide in the stable gas ought 
to vary with (he proportion of carbon in the alloy, as shown diagrammatically i" 
Fig. 67c. If more carbon dioxide is present, the carbon press, is lower along A A ' . 
an equilibrium is established between the gas and ferrite and austenite of the lowest 
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concentration. The same will occur from A to B , between the gas and austenite ; 
the percentage of the carbon of the auBtcnite rises between A and B . Likewise, 
an equilibrium prevails along BB' between the gas and eementite and saturated 
austenite. If it were possible for austenite at 800' to have a lower proportion of 
carbon than <KJT> per cent., the curve AH would continue to use as indicated by the 
dotted lme This does not occur, so that the cuive AB will be intersected by A A 9 
at A , which gives the carbon content of the alloy whose Aj-arrest is saturated at 80U u . 

M L Becker found that the composition of the gas m equilibrium with graphite 
varies over a range of temp, from (>f>0 to 1000° in accord w'ith the measurements 
of A. Johansson and R. von Seth, and others The gas in equilibrium w r ith iron 
carbide plus a saturated solid soln. is richer in (aihon monoxide than th.it in 
equilibrium with graphite at the same temp. The carbon vap. press, of iron carbide, 
between (ibO 1 and ltHM) 1 , must m consequence be higliei than that of carbon alone. 
tJraphite is therefore stable witli respect to non carbide over this Tange of temp , 
and this conclusion is not m agreement w'ltli that of A Mutsubura, and A. Johansson 
and R. von Seth, who inferred that 1 lie* vap press of the carbon of the carbide is 
lower than that of graphite at temp exceeding 8(H) . M L. Becker observed that 
the presence of silicon raised the ratio CO . foi steels of a given caibon content ; 



Fig, fiH —The Citrhon Pressure a*, u Fio. (»9. — The Caibon Pressure ius a 

Function of the Carbon Content J 'unction of the Tempeiature. 

of the Solid Phase. 


manganese and nickel had no perceptible effect oil the gaseous equilibrium; and 
chromium lowered the carbon vap. press, of a solid soln 

Observations on the constants of the reactions were discussed in connection 
with the reactions in the blast-furnace ; and since K x and are known, it follows 
from (1) that the carbon press, of eementite and solid soln. can also be calculated, 
since these stand in the same relation to the press of elementary carbon as : K$. 
Continuing, A. Johansson and R. von Seth observed that the isotherms of the 
carbon press, as functions of the carbon content of the solid phase are shown in 
Fig. 68, whore [Cyj is a constant for each temp , so that the curves represent [C 2 ] 
as a function of the carbon content at each temp, respectively. This function is 
almost rectilinear for solid soln., meaning that the carbon press, of austenite increases 
proportionally with its carbon content, and thus follows Ibo same law r as the osmotic 
press, of a dil. soln. The carbon press, of eementite does not increase with increasing 
temp as rapidly as that of austenite, and it follows that the higher the temp, the 
lower the carbon content of austenite. An equal carbon press, is not attained until 
the austenite is saturated with caibon. For instance, the isotherm at 1000°, where 
the curve of the caibon press, of austenite bends before the point A is reached, and 
passes into the eementite line at /J. The relation between the carbon press, ami 
temp, is shown in Fig. 69. Below the line 1-0, the carbon press, of eementite and 
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solid soln. is less than that of carbon ; above 1*0 per cent, of carbon, it ib greater 
than that of carbon. An atm. of carbon monoxide and dioxide in equilibrium 
with elementary carbon is therefore unable to carburize the iron until about 735° 
( A , Fig. 69) is attained, when austenite with about 0*7 per cent, of carbon is formed. 
The carbon content of austenite is increased with a rising temp., but no free 
cementite is formed until about 790° (B, Fig. 69). Below 733", decarburization 
always occurs in such an atmosphere. A steel with an excess of cementite is decar- 
burized at 790'. This shows the risk of surface decarburization in the aimcaliug 
of steel. In the surface decarburization of steel by dry carbon dioxide and monoxide, 
mixed with 60 per rent, nitrogen, as well as by dry air— at 750°, 800°, 900°, and 
1KXT- the results, in general, can be represented by Fig. 70, showing the depths 
of carburization in mm. and the carbon content of the layer 
in percentages. The stippled area shows the Amount of decar- 
burization below a plane surface, and is represented as the 
3 77 degree of decarburization- per cent. mm. When the degree 

^ / of decarburization is represented as a function of the proportion 

/ of carbon dioxide in the gas, the curve rises at first very 

I rapidly, with an increasing content of caibon dioxide, reaching 

DeptfTdccdrbunzaOcn highest value with 10 per rent carbon dioxide for the 
hypocutectoid steels and with 13 per cent, carbon dioxide for 
burization Curve hypereuteetoid steels. It then remains nearly constant 

for higher percentages of carbon dioxide, although the speed 
of the reaction ought to have increased. The maximum degree of decar 
burization may possibly be determined by the sj>eed of diffusion of the carbon ; but 
it ought to be observed that the formation of oxide- scale on the surface of the 
specimen sets in at the breaks in the curves. It is therefore also possible that the 
oxide-scale in some way represses the decarburization, presumably by protecting 
the underlying surface of the steel from the influence of the gases, thus rendering 
the diffusion of the gas more difficult. The results are similar at 900 J : the hypo- 
eutectoid steel reaches its maximum decarburization with 15 per cent, carbon 
dioxide, and with the hypereuteetoid not until about 25 per cent, carbon dioxide 
is attained. The formation of oxide-scale sets in with about the same percentages 
of carbon dioxide. At 8(X)°, the formation of the oxide-scale has so great an influence 
on the degree of decarburization that the latter, after having readied its maximum 
with about 25 per cent, carbon dioxide, decreases considerably with higher propor- 
tions. The hypocutectoid steel here dccarburizes more than the hypereuteetoid 
steel, while the contrary is the case at 900° and 1100°. A somewhat stronger 
decarburization is obtained in air than in gases containing 40 per cent, carbon 
dioxide. No decarburization occurs at 750°, 710 , und 650°. Practical use has 
also been made of this circumstance, but the explanation generally suggested- 
namely, that the formation of oxide-scale should proceed •pari passu with tlic 
decarburization, no surface decarburization thus taking place- seems to be wrong. 
The oxide layer is much too thin to be able to act in this way. Instead, as at 
higher temp., it appears simply to form a protective layer against the influence of 
the gases. 

The phenomenon was also studied by E. Zingg and co-workers, H. Schenck, 
C. R. Austin, P. Oberhofler and J. Welter, H, C. Greenwood, R. G. Guthrie, 

J. J. Curran and J. II. G. Williams, E. Leuenberger, J. G. Ayres, A. Bracnley and 

K. F. Allen, A. Seuthe, etc. L. Hackspill and E. Schwarz, and A. M. Portevin 
and V. Bernard observed that at 1000“ the chlorides and carbonates of the alkali 
and alkaline-earth metals effect the superficial decarburization of cast iron and 
steel ; and that in 2 to 3 hrs. the carbon is almost completely removed from 
hypoeutectoidal .steels to a depth of about 1 mm. They suggest that the active 
agent in Ihis reaction is the alkali or alkaline-earth metal liberated from its salt 
by the iron. Calcium rapidly removes carbon and phosphorus almost completely 
from east iron 1 to 2 mm. thick at 1000°, funning calcium carbide and phosphide. 
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Lithium behaves similarly above 450°, but sodium and potassium above 800° act 
much more slowly, as the carbides formed are relatively unstable at the ordinary 
press. Sodium carbide has been made by direct union of the elements under 
press, at 1100°. 
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79. i, 242, 1909; J. O. Arnold and A. McWdliam, t6., 68. n, 27, 1905 ; H. F. Rugan and 
H C. H Carpenter, th. % 80. n, 29, 1909 ; M. L. Becker, tb., 112. u, 239, 1925; 121. i, 337, 1930; 
E. 1) Campbell, i b., 100. n, 407, 1919; E D Campbell, J. F. Ross and W. L, Fink, ib., 108. 
li, 373, 179, 1923, H C Greenwood, ib , 89. i, 508, 1914; C K Austin, i b , 105 i, 93, 1922; 
J. H. V hitelry, tb , 102 n. 143, 1920 ; E H. Sanitei, tb., 52. n, 115, 1898 , R. A Hadfield, tb., 
45 i, 157, 1894, (J P Houston, ib,, 51 i, 154, 166, 1897 ; A Johansson and R \on Seth, 
ib., 114 li, 295, 1926; E. R Taylor, Journ. Iron Steil Inst, ( atnegic Mem., 14. 131, 1925, 
15 281, 1926, F Giolitti, Rend Soc Chim. Roma, 6 388, 1908, G. C'harpy, ifn Met., 5 
41, 1908, (\ Renedieku, ib , 5. 77, 1908, .1. j. Berzelius, Jahnsbir., 18 160, 1839, 

E. Leuenberger, Stahl Eistn, 41. 285, 1921 , P. Oberhoffor and J. Welter, ib , 43. 105, 301, 
1923, E. Zingg, P. Obiihoffer and E PiwowarNky, 16 , 49. 721, 762, 1929, P. Oberhoffer, 
and A Hegei, ib , 43. 1417, 1923, A. Ledobur, Handbuth dir Eisen - und Stahlgusstru, 
Leipzig, 385, 1901, Stahl Eisen, 17 628, 1897; G. Belloc, Cutnpt. Rend., 136 500, 1321, 
1903, A. C Becquerel, Ann Chim. Phyi , f2), 49 134, 1832 , A F. E. Degen, Lubig’s Ann , 
20. 201, 1839 , H Seott, Chem Mit Engg., 25. 72, 1921 . E. H. Schulz and W. Jlulsbruih, Stahl 
Eism,il. 1691, 1927, Arch. Eis< nhuttf nmsai, 1 225,1927, Metallurgist ,4. 164, 1927, E.H. Schulz 
and P. Niemeycr, Mitt. Versvchanst , Dortmundtr , 110, 1923 , J. V. Emmons, Trans. Arner. Inst. 
Mm. Enq , 50. 406, 1914 ; A. Matsubara, t b., 87 3, 1922 , Zed. anorg. Chem., 124. 39, 1922 ; 
Stahl Eisen, 43 211, 1923; J. G. Ayres, Proc. Amer. Stic Tt sting Material 15. n, 80, 1915; 

L. Hark spill and E Schwarz, Ann. Chim. Phys , ( 10), 13 5, 1930 , A. Al. Portovin and V Bernard, 
Chim Ind., 243, 1930, J J. Curran and J. H G Williams, Trans. Amer. Site. Rtf it Treating, 

14. 809, 1928 ; K. G Guthne, tb., 15. 96, 1029 , T, Murakami and H. Sckiguchi, Journ. Japan 
Iron Steel Inst , 16. 1015, 1930; A. Seuthe and E. H. Schulz, Mitt. Forsch. Inst. Dortmund, 2. 
61, 1931 ; Stahl Eisen, 51. 791. 1931 , W. K. Jominy, Bull. Untv Michigan Eng, J8, 1931, 
J. Ciochina, Stahl Eisen, 51. 1024, 1931 , M. Vinter and P. B. Crocker, Htai Treating Forging, 
16. 1450, 1930, Furls Furnaces, 8. 1547, 1930; A. Bromley and K. F. Allen, Engg , 133. 92, 
123, 229, 305, 1932 


§ 10. The Cementation of Iron and Steel 

One of the oldest commercial methods of making steel w by what is now known 
as the cementation process The purpose of cementation is partially or totally to 
carburize iron or steel without fusing the metal, and in such a way that the car- 
burized metal shall possess the structure and properties of a true steel. This is 
done by heating wrought-non bars packed in boxes made from a fireclay. Each 
bar is surrounded by broken charcoal, heated to 950 or 1000°, and kept at this 
temp, until the desired percentage of carbon has been absorbed from the charcoal. 
The carburizing agent may be soli<l--e.</. wood clinn o«il, lampblack, and various 
organic substances like hoots, hides, dung, etc.; it may be liquid — e.g. fused 
cyanides «i fmoiyaiudes, umie, oi molten cast non; or it may be gaseous— 
e.g. volatile hydrocarbons or cat bon monoxide. 

Mixtures and methods have been disentitled by It R. Abbott, 1 A. A. Ackcnnami, 
F. Amlre, F. G. Baton, C. Bmka, O. F. liinkens, J. h J. A. Uoullet, P. W. Brennan, 
H. L. ileathcote, U. A. MdlhoUand, 8. A. Tesrhenko Tm liopiwsky, V. GiOnquiat, 
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J. Herbert, G. Takahaslii, J. S. Aylinpf, P, W, Dfthmer, .T. W. Urquhart, S. Tour, 
R. A. Brooman, G. 11, Cattnueo and A. Faggian, M. I'\ Coomes and A. W. Hyde, F. Cowden, 

V. H. E. Gallot, J. Holland, J. B. Jenkins, N. Kiinhall, M. B. Messimer and E. F. Carter, 

W. Nelson, 8. P. Rockwell, E. C. Moffett, T. Langer, C. Lamargese, J. Lecarme, and 
G. C. Thomas, R. A. Itagatz and O. L, Kowalke, G. M. Enos, and by numerous 
others. The Cyanulo-UesellHchafl proposed to use cyanamide or one of its compounds 
with the alkalies or alkaline earths ; and E, Engels, carbon Bilicide, J. C. Olsen and 
W. 8. Weissenbach observed that the rolativo carburizing action of carbon monoxide, 
acetylene, and methane is in the order named. H . Caron’s cement is a mixture of (10 parts 
of carbon (wood-charcoal) and 40 parts of tiarium carbonate : F. Qiolitti'a cement is carbon 
assisted by carbon monoxide. C. Macintosh, and O. V ism am obtained steel by the action 
of hydrocarbons at a white-heat ; but X). Mushct found that the difficulties in keeping the 
containing vessels air-tight at the high temp, were insuperable. 

The time of heating depends on the thickness of the desired coating, the temp, 
of the furnace, and the nature of the carburizing agent. In certain cases where a 
metal with a tough interior and a hard working surface is required the piece is 
made from a mild steel with about 0-J4 per cent, of carbon. The piece is then sub- 
jected to the f omentation process, so that its carbon content is raised to about 
0*9 per cent. The piece is then quenched from a red-heat, say 8(X)°, whereby the 
outer surface is hardened without affecting very much the mild steel core. In the 
case where all or part of the surface of a steel or iron object is carburized and 
subseque utly hardened, the operation is called case-hardening. If a particular 
part of the surface is not to be carburized, it is protected by sonic inert material- — 
fire-clay, elect rodeposi ted copper, etc. The technology of case-hardening and 
cementation is dWusscd in special books : 

11. llrearlcy, 7 he Cam -Hardt rung of Sit 1 1, London, 1921 ; F. W. llarbord. The Metal- 
lurgy of Stul, 1. 211, 191b; F. Uiolitti, La ccmentazionc dcll'actiajo , Torino, 1012; La 
cementation dr I'acter , Pans, 1914 ; The ( \ mentation of Iron and Steel, Now York, 1915; 

F. W Howe, Iron Sift I Ind 3. 77, 110, 1930; J. W. Urquhart, Steel Thermal Treatment , 
London, 1922; A. M. Poitrvin, J’yrometric ct < (mentation, Paris, 1920; E. Monzel, Das 
IJarten, Schwettwen and Lot* n von Stahl and Eisrn nebttl vitlen Rizejrten zur Hemtellung 
piaktischer Helfsnnttrt, Berlin, 1921. 

J. Beckmann said that he was not able to find any reference to the manufacture 
of steel by cementation in any of the ancient writings, and that the obscure reference 
in Pliny’s Histona natural is ( 34 . 4 1 ) docs not refer to this process. Towards the end 
of the eleventh century, P. Thoophilus described the hardening of files by car- 
burization ; und the old process was described by V. Biringuccio in 1540; by 

G. Agricola in 1501; by (1. J. Lohneyss in 1617 ; by M. Lister in 1693; 
and in later years, by j. Buttery, J. It. Breant, H. Damcmme, L. B. G. do Morveau, 
G. Vismara, and V . U. J. B. Tronson du Uoudray. 

Attempts to trace the origin of the cementation process of steel manufacture 
have not been successful. It. Jenkins supposed that the process was invented by 
W. Ellyott and M. Moysey, as indicated in their patents of 1614 and 1617. The 
older writers, 0. J. B. Karst on, A. L. Laiulrin, J. Franquoy, etc., state emphatically 
that the cementation process was invented on the Continent and not in England. 
D. Brownlie examined the claims of W. Ellyott and M. Meysey and showed that a 
strong protest against the patent monopoly was made at the time by the iron and 
steel manufacturers, and that the patented process would not furnish cementation 
steel. The reference of K. Plot to the manufacture of cementation steel at Bromley, 
Staffordshire, shows that in 1686 he regarded the process as new and unusual. 
J. Franquoy stated in 1861 that the two armourers P. du Coudraye and 
J. van Buhl of Liege made steel out of iron by the cementation process at the 
beginning of the seventeenth century. After examining the original documents, 
Baron de Lavcleye concluded that there is nothing to show that the cementation 
process was here cniplo} y ed, although, about this period, the cementation process 
seems to have been employed in the principality of Litfge for making steel from 
iron. Baron de Laveleye, and I). Brownlie therefore conclude that how or when 
the cementation process was invented remains unknown. 

VOL. XII. 3 B 
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As indicated above, the phlogiston chemists — T. Bergman, and C. W. Seheele — 
believed that steel is a compound of iron with variable proportions of plumbago ; 
and that plumbago is a compound of fixed air and phlogiston. R. A. F. de Reaumur 
showed that the transformation proceeds from the surface towards the interior 
of the mass ; and that the foreign substance which penetrates into the iron and 
increases its weight is contained in the powders used as cement. He wrongly 
inferred that the substances which penetrate the iron during the cementation arc 
sulphur and volatile salts. C. A. van der Monde, C. L. Rerthollct and G. Mongo, 
liowTvor, inferred that the foreign substance wdiich combines with pure iron to form 
steel is no other than the element carbon. They showed that, as already observed 
by R. A. F. de Reaumur, iron is transformed into steel by merely heating it with 
wood-eharcoal alone and protected from contact with air or moisture. The trans- 
formation is attended by an increase in weight owing to the gradual absorption 
of carbon by the iron. 

To the early observers it appeared that in cementation solid carbon can readily 
penetrate the pores of solid iron when dilated by heat. The phenomenon was said 
to be unc operation incrpliquec , mysterirusc, present ail le carbone com me vn corps 
anarnml, because it seemed to contradict what was thought to be a law' of nature - 
corpora non agunt nisi soluta. The process was therefore regarded ns obscure and 
mysterious. A. Laurent suggested the improbable hypothesis - the carbon rapoui 
hypothesis — that it is the vapour of carbon itself which penetrates the iron during the 
cementation. P. G. F. Leplay attempted to explain the carburizing action of 
wood- charcoal by assuming that the oxygen of the air contained in the cementation 
boxes reacts wdth the carbon, forming carbon dioxide and subsequently carbon 
monoxide. The latter penetrates the iron, depositing half its carbon to form cm bon 
dioxide. This is again reduced to carbon monoxide by the carbon of the cemcnlmg 
agent. The carbon monoxide-- in the carljon monoxide catalyst hypothesis ihu^ 
acts as a carrier of oxygen by a cycle of reactions continued indefinitely The 
hypothesis was favoured by A. Laurent, and H. Behrens and A. tt. von Linge ; 
and a modification of this hypothesis---? We infra - is the one now’ generally accepted. 
J. L. Gay-Lussac emphasized Lhat there is no need to accept in unc foi aveuglc the 
ancient principle, because solids, liquids, and gases can act on one another, though 
the solid state is the least favourable to the exercise of chemical affinity. J. L. Gay- 
Lussac’s hypothesis — the diffusion of solid cwrtxm hypothesis - -reduces the pheno- 
menon to the assumption that solid carbon can diffuse into solid iron and at the 
same time carburize the iron. 

W. H. Pepys proved that iron can be directly carburized by heating an iron wire 
in contact with diamond dust ; analogous observations were made by L. Clouet, 
D. Mushet, G. S. Ma^Kenzie, L. B. G. de Morveau, P. A. Dufrcnoy, and F. Mar- 
gueritte; while W. C. Roberts-Austen repeated the experiment by heating electrically 
a strip of iron while in contact with small diamonds at a temp, far below the ni.p. 
of iron, and in vacuo, so as to preclude the presence or influence of occluded gas. 
W. HeinpeJ heated the iron in contact with different forms of carbon in an atmosphere 
of nitrogen. He said that the lowest temp, at which the diamond carburizes is 
llfiO°; and that amoiphous carbon, between 1385° and 1420*, forms grey cast iron. 
F. Osmond observed that at 1036° to 1065° iron is carburized by diamonds about 
the points of contact ; and at 1085° to 1125°, with diamonds in the proportion of 
4 per cent., the diamonds dissolve in the iron to form white cast iron ; and with 
diamonds in the proportion of 8 per cent, fused grey cast iron is formed to w'hich 
adheres a graphitic patina containing iron. The diamond itself docs not cement 
iron until it lias undergone a molecular transformation into graphite. While the 
enrbon diffuses into iron, the iron also diffuses into the transformed diamond. 

W. 0. Roberts-Austen studied the rate of diffusion of carbon in solid iron. He 
represented the variation in the concentration of the carbon in successive layers of 
the carburized zone in a cemented steel containing originally 0-26 per cent, of 
carbon. Observations on the diffusion of carbon were reported by G. Tam maun 
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and K. Schonert, J. H. Hruska, E. (J. Mahin and co-workers, E. Zingg, <1. Parry, 
A. Fry, F. Abel, I. Kunge, F. Osmund, and J. E. Stead ; and on diffusion in solid 
soln. in general, by H. Braunc and JI. Hellweg, J. H. Hruska, and (\ H. Desch. 
U. ,1. Snelus regarded the direct union of carbon 

with iron as analogous with u proec&s of solution 1 y ' g rt"l FT [ 1 T~ 
rather than of chemical combination. J. 0. Arnold § °' 7 V _ 

thought that the carbon diffused in the form of the ^ 

two carbides Fc ;l O and Fe^f 1 ; tlie former logins Jp - - l „ 

at about 950° and the latter at 750°. W. (’.Roberts- j 

Austen supposed that the carbon diffused in iron ^ ^ J. T I lji i , ~i 
as salt does in water until the saturation point is 0 * 12 f (f 

attained. Them ia nothing very deKnite to .how ,, . X ,f 1? 
whether it, diffuses as carbon or as carbide. ' "" t ' ion nf fnliX rarl-on!’ 1 "'' 

A. Colson emphasized the reciprocal nature of 
the process of diffusion while carbon diffuses into iron, the iron diffuses into 
carbon. The phenomenon is manifest .at 250', when the diffusion of iron into 
carbon is predominant : at higher temp, the reciprocal process prevails and 
cementation occurs. L. Fonpiignon also noted the decarburization of cast iron 
when it is ignited with ppwdeml charcoal and subjected to the same conditions 
as would carburize steel. A. (Jautier, A. F. E. I logon, R. Muniiesinarm, and 
I. L. Bell also noted that when east iron in contact with wrought iron is heated. 


earbon passes from the former to the latter- maybe by diffusion, maybe by 
the intervention of gases, say carbon monoxide. (1. P. Royston found that no 
diffusion occurred at ‘.KM)’ in varuo when two bars of soft steel w-ith 015 per 
cent, of carbon were kept in contact w T ith a bar containing 0-95 per cent, of 
steel, but if a more highly carburized bar was employed, the proportion of earbon 
in the bars of mild steel rose from (Mf> to 0-2!) per cent., and the proportion in the, 
highly carburized bar fell to 0-42 per cent. This shows that carbon diffuses into 
iron by simple difference of concentration, without the intervention of gases. 
J. 0. Arnold and A. MeWilluun obtained nil analogous result. 

0. R. Austin observed that the diffusion of carbon proceeds until the concentra- 
tion and pressure of the diffusing substance attain u constant value, ami the 
constant of diffusion that is, the amounl of carbon wdiich would diffuse across 


unit area under a concentration gradient of unity in unit time (say one davj, if 
the rate W’cro constant during that time- -was estimated to be (MX)5 at (550 , and 
<H)5 at H50 tJ . A round steel bar containing i-27 per cent, of carbon was decar- 
burized by moist hydrogen at for 100 hro. so as to furnish a layer of ferrite 
and an unchanged core. Pieces of the bar were heated in vacuo. The diffusion of 
carbon w T as very slow below- the Acyarrcst ; at 920° the core u r as freed from 
cernentite and carbon had passed halfway to the surface ; at KXXP onl} T a very 
narrow r layer w r as free from earbon ; and at 1 100°, in 30 nuns., the carbon had 
passed halfway to the surface, while some cernentite still remained in the core. 
I. Runge determined the rate of diffusion of carbon into iron by measuring the 
change in the resistance of iron wire in a current of gaseous hydrocarbon at a high 
temp. Illuminating gas diluted with hydrogen had little or no action ; toluene 
diluted with nitrogen reacted slowly, more quickly when diluted with hydrogen ; 
whilst a rapid uctiou was shown by mixtures of benzene w-ith nitrogen, high 
petroleum (b.p. 90 -MX) 0 ) with hydrogen, and hexane with nitrogen or hydrogen. 
The time-resistance curves were, similar to those obtained on the assumption that 
the diffusion of carbon follows the diffusion law. At 900 n , the diffusion coeff. of 


carbon in iron is about 2x10 7 cm. per sec. With an active gas, at 930 n , 0-6 
mgrm. of carbon passes through 1 sq. cm. of surface m the first three minutes. 
The resistance change due to 1 j>or cent, of earbon is 5*7 per cent, at 920 \ 7 per cent, 
at 830 f> , nnd 40 per cent, at 18" of the resistance at the corresponding temp. The 
velocity of cementation falls oil rapidly with temperature and is inappreciable at 
700°. When cementation takes place above 9(X)°, y-mixed crystals are formed, and 
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the product is found to consist of comentit e and pearlite. At 800° the jS-iron takes 
up carbon to form an equilibrium mixture of y-mixed crystals containing about 0-3 
per cent, of carbon and j9-iron. Whether diffusion takes place in the gaseous form 
or as carbon cannot be affirmed, but the marked influence of hydrogen on the rate 
of diffusion points to the former. The subject was studied by N. Ageeff and 
M. Zamotorin. 

G. Tammann and K. Schbnert gave for the diffusion cocff. of carbon in iron with 
0-07 per cent of carbon 3yl0 7 at 925°, and J 9*3 x 10" 7 at 1000° ; and for iron with 
0-26 per cent, carbon, 11-2 v 10~ 7 at 1000°. I. Rungc gave for electrolytic iron 
l*15xlO~ 7 at 925°. A Bramlny and A. J. Jinkings also found for iron with 0-02 
per cent, carbon, 1*7 \ 10" 8 at 850° ; 3*8 X 10~ H at 900 n ; 9*0 \ 10“ 8 at 950° ; and 
20 X 10~ 8 at 1000°. Different results were obtained by varying the rate of flow of the 
carburizing gases, and with stools containing different proportions of carbon. 
A. Bramley and co-workers found that the diffusion of carbon follows the law : 

^ // Ki 

C-- f 

2v/t tKi 

where C denotes the concentration of carbon above that initially present in the steel 
at a depth x cm. below the surface ; t denotes the time of diffusion in seconds , 
H , a numerical constant ; and k, the diffusivity constant. For arniro iron at 
1000°, #-=0-312 to 0-320, and *--13-Qy lO" 8 to 15-0x10 8 ; whilst for Swedish 
iron at 1000°, H— 0*310 to 0-320, and k- 18xl0~ 8 . T. Ishiwara said that the rate 
of diffusion, V , of carbon in iron increases rapidly with rise of temp , 6 0,, so that 
between 950° and 1300°, V—t*^ cm. per second, where or is a constant in one 
case a--0-0098G, and 0 L =r 2220" ; and 

1300° 1200" 1100° 1000“ 

V X 10® . Ill (H) 4319 16-20 0 981 3 616 

The work of F. Osmond, also, has demonstrated the great molecular mobility 
of solid iron at a temp, at least f>00 f below its m.p.-- vttlt infra, the decai burization 
of cast iron. 

F. Margueritte, C. E. Jullicn, It Mannesmann, A. Ledebur, and R. S. Maisden 
favoured the opinion that cementation can take place by simple contact , J. Percy, 
and L. Guillet held the contrary opinion. R. Mannesmann said that the maximum 
concentration of carbon, 4-7f> per cent., which iron can take up by direct contact 
m the process of cementation is the same as that obtained by the diffusion process. 
It is therefore necessary to admit the molecular migration of carbon by diffusion into 
the mass of solid iron. These two processes must therefore play a part in the 
practice of cementation. Iron at the temp, of cementation is said to behave as a 
very viscous liquid in which the mobility of the molecules is showm by the tendency 
to form a coarsely cryM alhne st rue tnre when the iron is heated for a longtime 
at a high enough temp. Carbon has a tendency to migrate from more highly 
carburized zones to less carburized zones. This agrees with the observations of 
J. B. J. D. Boussingault on the molecular migration of other elements — sulphur, 
phosphorus, silicon, and arsenic- -in iron and steel. The movements of carbon in 
steel were discussed by W. E. Day, and W. Metcalf and J. W. Langley, and 
F. W, Adams. T. H. Byron showed that the carbide is formed by the action of 
blast-furnace gases ; and H. C. H. Carpenter and 0. (A Smith, that a carbide, 
probably Fe 3 C, is formed by the action of carbon monoxide on iron at about 650°. 
The formation of this carbide is hindered by the presence of carbon dioxide, and 
favoured by the presence of hydrogen. M. L. Becker studied the carburization of 
iron by the gaseous carbon oxides. 

J . Gamier in a memoir. Action dc Veleclridte sur la carburation duferpar cementa- 
tion, repotted. that he had placed a bar of steel containing only 0-1 per cent, of 
caibon, and a rod of gas carbon, end to end in a refractory tube and the two 
wore well insulated. The tube was then heated at 900° to 1000°, and a current of 
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55 ampferes and 7 volts was passed from the carbon to the steel. After three hours 
it was found that that part of the iron opposed to the carbon cut glass easily, and a 
section showed that cementation had taken place to a depth of about 10 mm., 
whilst the carbon was corroded at the surface of contact. Two bars of steel were 
then packed side by side in wood-charcoal with a space of 10 mm. between them, 
and were heated at 900° to 1000° for three hours, a current of 05 amperes and 2*5 
volts being passed from one to the other. It was found that the bar which served 
as the anode was practically unaffected, whilst in that which played the part of 
the cathode cementation had occurred to a considerable depth. It w r ould seem, 
therefore, that at about 1000° the cementation of iron takes place with very great 
rapidity under the influence of a comparatively weak electric current. Attempts 
to accelerate cementation by means of an electric current, applied independently of 
its heating effect, were made by R. K. Boyle, G. Mars, and. A. Iiillairet. 

(t. P. Rnystuu stated that below' the Ar^arrest carbon has no tendency to 
diffuse into non. The limit of saturation at 7U0° corresponds with 6*9 per cent, of 
i arbon, and, according to E. II. Saniter, the limit at 900 is 2*95 per cent. F. Osmond 
pointed out that the limit ol carburization of solid iron at a given temp represents 
the solubility of cementite at that temp ; and at about 670°, the recalescenoe temp., 
this limit is 0*9 per cent., and this increases with a rise of temp. The limits of 
solubility do not represent definite compounds Ke u f 1 , Fc 24 (\ etc., otherwise there 
would be an indefinitely large number of such compounds. One of J. O. Arnold's 
micrographs shows an abiupt. variation in the concentration of the strata corre- 
sponding with the surface of c ontact of the hypereutcctoidal and eutcctoidnl steel- 
vide inf hi, Fig. 70. He supposed that the diffusion of carbon takes place in tw r o 
ways: the first begins at about 750°, the Ar 2 -arrest, between iron and the alleged 
subcarbide. Fc^t 1 , whilst the second takes place above 950” between the normal 
carbide, FpjC, and the subcarbide, Fe^C. This show's how, at 800 , it is not possible 
to increase cementation beyond 0-9 per cent, carbon, the proportion in Fe 24 C, 
and wdiy the cementation must be conducted at higher tern]), if a more highly 
carburized steel is required. J. 0. Arnold and A. Me William reported that when 
pure iron at 950° to 1050" is in contact w’lth iron containing 1*5 per cent, of copper, 
aluminium, silicon, arsenic, chromium, and tungsten, no diffusion of these elements 
occurred in 10 hrs., but with carbon the percentage diffusion was 0*50 ; wdth sulphur, 
0-10; with phosphorus, 0*095; and with nickel, 0*11. For the effect of various 
elements on the velocity of cementation, vide infta. 8. 0. Spalding, and J. Sorenson 
compared the rate of penetration in various kinds of carbon and alloy steels. 
U. Takahashi studied the relation between the quantity and deptli of carburization. 

F. W. Harbord, A. S. Stansfield, E. H. Saniter, and A. Ijcdebur doubt the hypo- 
thesis of diffusion involving the dubious subcai hide, particularly when the phenomena 
can be explained simply by the passage of carbon from molecules richer in it to those 
containing a smaller amount, by a process entirely analogous to that of diffusion in 
saline soln. G. Takahashi concluded that the carburization of steel is not due to the 
diffusion of carbon monoxide, but to the direct diffusion of nascent carbon atoms 
produced by the decomposition of that gas. II, Louis suggested that the diffusion 
of nickel into solid iron may be due to the formation of a nickel carbonyl. 

In conformity with a suggestion of H. W. Stein, H. Caron tried to establish the 
hypothesis that the process of industrial cementation is always due to the action of 
volatile cyanides- - volatile cyanides hypothesis- - the cyanides acting as carriers of 
carbon to the iron. The work of H. Caron was discussed by P. Nicolardot. H. Caron 
obtained no cementation when iron is heated with carbon in the presence of hydrogen, 
carbon dioxide, nitrogen, and air. In this H. Caron went wrong. He attributed 
the carburization he obtained with ammonia gas to the preliminary formation of 
ammonium cyanide and he found that ammonium cyanide alone is a powerful 
cementing agent. He also found that with carbon in the presence of alkulies and 
alkaline earths which can form cyanides in air cementation occurs. The favourable 
effects obtained with a mixture of barium carbonate and carbon were attributed io 
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tin* preliminary formation of barium cyanide. Wood-charcoal was supposed to act 
in virtue of its forming cyanides by the action of carbon and the nitrogen from the 
air on tlu* ashes of the carbon. 0. Rinks also concluded that in ordeT to carburize 
iron it is necessary for nitrogen (e.g. ammonia) and carbon (eg. ethylene) to act 
.simultaneously , no cementation occurred with carbon, carbon monoxide, ammonia, 
or ethylene alone. H. Caron emphasized that the more easily the carburizing agent 
is decomposed the greater is the concentration of the carbon in the cemented iron ; 
thus ammonium cyanide is the most effective cementing agent among the cyanides, 
and is the one most easily decomposed. L. Tailletet did not find cyanogen or 
cyanides in his analysis of the gases present in the cementation boxes. 

K. Frcniy considered that nitrogen is a necessary constituent of steel nitrogen 
hypothesis- since the gas has been always found to be occluded in steel ; he went 
so far as to sav that iron is converted into steel (nvifa'v) by absorbing nitrogen (nzotant) 
in the presence of carbon, and that steel is changed to iron (desaeieie) by removing its 
nitrogen (desazotant) by hydrogen; the function of nitrogen is not only that of 
forming cyanides, which carry the carbon in a state of combination into the pores of 
the iron, where the iron absorbs the carbon in the nasient state, but also that of 
serving as a vehicle for the penetration of the carbon into the iron, and taking part 
directly in the formation of steel, since it forms a kind of cyanogen compound which 
is an essentiul constituent of steel. He regarded steel not as a simple caibide but 
as a nitrogenizcd iron carbide. E. Freniy' '« hypothesis excited some interest, but 
If. Caron’s experiments on the cementation of iron by hydroc aibons showed that 
the nitrogen hypothesis is untenable. H. Caron, liowexci, not onlv disproved 

E. Kremy’s hypothesis, but he also considerably weakened his own. For instance, 
in cementations obtained with purified methane and other hyilioi ai Imns <\, nudes 
are absent Ho therefore said that hydrocarbons, on account of their too easy 
decomposahility, carburize the iron too much, transforming it into cast iron instead 
of steel ; and added that the alkali cyanides arc the only compounds capable of 
producing a true cementation under industrial conditions. F. Maigucntte in a 
controversy with H (Won showed that cementation can occur (i) by simple contact 
without the inteivention of nitrogen ; and (n) by the action of caibon monoxide. 
H, Caron wild that charcoal, under industrial conditions, becomes exhausted with 
use, and is then incapable of carburizing iron. This is not likely to be the ease if, as 

F. Marguentte supposed, carbon and carbon monoxide are the most active agents m 
industrial cementation H. (Won attubuted the decreased efficiency of used char 
coal to the loss by volatilization of alkalies, for the charcoal can be rendered inactive 
by washing it with acid to remove at least some of the alkali ; the activity of the 
charcoal can be restored by tin* addition of alkali ; and the varieties of charcoal 
richest in alkali are the most efficacious. F. Maigucntte attributed the exhaustion 
to its acquiring a more compact atomic structure by the prolonged heating, a view 
favoured bv R. Mannesmann. H. CWon admitted that carbon monoxide can 
produce a slight cementation, but lie said that it is not produced at a red-heat, 
but rather during the cooling, when the decomposition of carbon monoxide iH possible. 
V. E. Jullien said that carbon alone can carburize iron, but carbon monoxide does 
not do so under industrial conditions. J. l J ercy, on the other hand, found that 
purified sugar charcoal, freed from occluded gases, cannot carburize iron, except at 
a temp, high enough to melt the product. There is thus one school which assumes 
that a gas is necessary for the continued diffusion of carbon- gaseous diffusion 
theory - and another school which believes that the carbon penetrated the metal 
without the inteivention of a gas- solid diffusion theory . 

R. Mannesmann showed that the cotumfralion of the carbon in the cemented 
crust and the velocity of penetration of the carbon vary with the progress of the 
cementation. He showed that the variation in the gradual increase in the velocity 
of jxmetration agrees rather with the hypothesis that the action is mainly due to the 
molecular migration of carbon, and is not due solely to the action of gases, ior in this 
case the cementation should proceed with increasing I jlpwness $$ the deeper layers 
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of the mass are reached. When the cementation is not effected by free carbon, but 
by a compound of carbon, the degree of carburization is proportional to the difference 
between the affinity of carbon for iron and the affinity of carbon for the substances 
with which it is combined. Hence, at a given temp., free carbon can give a higher 
carburization than when the contact is sufficiently prolonged. The cyanides 
arc specially suited for obtaining thin, superficial cemented layers, and to cases 
where it is desired to work at low temp., where, the molecular migration of carbou 
is slow ; solid carbon is best for producing deep, highly carburized cementations. 
He found wood-charcoal does its work faster than graphite. The velocity of cementa- 
tion w'as found to lie smaller the greater is the initial concent ration of carbon in tin 1 
steel to be cemented; but with an equal velocity (if cementation the work of 
cementation required for saturation is less the greater is the proportion of carbon in 
the sample to be treated. Owing to the lowering softening temp, with increasing 
proportions of carbon in steel, and since an increased mobility facilitates the migra- 
tion of the carbon, the cementation is effected more rapidly (he harder the steel, 
and steel is cemented more rapidly than iron. In general, it is considered that the 
gu^es formed in the cementation boxes containing carbon are so dil. us to render 
negligible their carburizing art ion, even if some of them— **</. carbon monoxide — 
have u stronger carburizing action when sufficiently concentrated. The carburiza- 
tion produced by the penetration of gases into the iron plays but u small part in 
the process of cementation, and is limited to a superficial zone of small depth. The 
main work (lone by the molecular migration of carbon into the deeper layers of 
iron i'idv tafia. 

(}. ( 'harpy showed that by heating filings of soft iron in fused potassium cyanide 
at about tibO 1 for about 86 his. it is possible to transform the metal completely 
into iron carbide containing 6-67 per cent, of carbon. At higher temp, the iron 
carbide decomposes, giving graphite. Thus steel heated in a current of coal gas 
fur (it hrs. at 1000' gives a product with 8-32 per cent, of carbon, of which 7-(>0 per 
cent, is graphites ; and with carbon monoxide for 36 hrs. at 1000° the product lias 
0*27 per cent . of carbon, of which 8-27 per cent, is graphite. Hence, addl'd G. Charpv, 
the cement al ion is not limited by the solubility of carbon in iron. It is possible to 
obtain either the transformation of iron into the carbide or the indefinite trans- 
formation of carbon into graphite, 0. ('’harpv heated iron in a slow current of 
purified carbon monoxide, and observed that cementation occurs at 360 J ; in 8 hrs. 
a deposit of carbon was formed at ffOtT, 600 l \ and 71b 1 ; while in 2 to 3 hrs.' heating 
the following relative weights of c arbon w ere fixed by the metal ; 

S-J.-. 0:i,V lOil.r 1085 1 1 23" J 175" J tK-° IWl 

Carbon . (MM) 0-60 0-38 U-5H 0-47 Ofil 0(7 (KVA 

Hence, above 7f)0° no deposit of carbon is formed and the cemented metal remains 
polished and bright ; the velocity of cementation (not penetration) does not 
increase appreciably above 900 n . The cementation is limited if instead of working 
in a current of gas the stecj is heated in a limited quantity of carbon monoxide, for 
in that ease cementation ceases when the proportion of carbon dioxide formed 
reaches a certain limiting value : 2C(K A 1 f CO^- He inferred that the cementation 
can be conducted in such a way that the quantity of carbon absorbed is automatically 
regulated by using as cementing substance a continuous current of a gaseous 
mixture containing definite proportions of curbon monoxide and dioxide, cyanogen 
and nitrogen, or hydrocarbons and hydrogen. F. Giolitti could not truly cement 
low carbon steels below 780°. It is here necessary to distinguish different meanings 
of the term carburization. With cementation proper there is a cemented zone 
which not only contains an increased proportion of carbon (carburization), but 
possesses the characteristic structure, of steel having a high carbou content. 
Tim structure results from the segregation in iron during the cooling of a solid soln. 
■#f carbon to a state of cementite, and this soln. cannot be formed below 780°. 
This temp, therefore represents the lower limit at which true cementation can occur. 
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Fig. 7£/ — Tlie Distribution of 
Carbon in Iron during Cemen- 
tation. 


L. Guillet stated that cements composed of carbon alone — e.g. sugar carbon, 
wood-charcoal, gr gTaphite — cannot act by a simple soln. of the carbon by the iron 
in contact with it, for pure carbon does not cement iron in vacuo — vide supra. The 
subject was discussed by 0. Bauer. L. Guillet, and R. Bruch observed that the 
velocity of penetration varies greatly with the temp. In some cases a difference of 
100° can double the velocity of penetration. F. Giolitti measured the depth of the 
cemented zones at different temp, for different periods of time when soft steel is 

cemented by a mixture of ground wood-charcoal, 
potassium ferrocyaniclc, and barium carbonate. The 
results are summarized in Fig. 72. Other curves 
show how the temp, of cementation and the time 
occupied by the operation greatly influence the form 
of the curves representing the distribution of carbon 
in the cemented zones. L. Guillet showed that a 
cement containing carbon can act by means of 
carbon monoxide formed by the action of air in the 
cementation boxes ; but carbon monoxide acts 
slowly in virtue of the reaction 2CO^C~t- C0 2 ; 
carbon dioxide, has a decomposing action. R. Bruch 
said that the cementing action of carbon dioxide is 
nil. L. Guillet classified cements into (i) those whose 
activity is due to carbon monoxide ; (ii) those whose activity is due to the presence 
of a cyanide ; and (iii) those whose act ivity is due to hydrocarbons. The cyanogen 
group when decomposed liberates carbon ; and the hydrocarbons act by dissociation. 
As a rule, at 1000° the velocity of penetration of carbon is about the same for all 
cements, but at the beginning the velocity varies widely from cement to cement. 
L. Guillet believed that the active agent in every industrial cementation is a cyanide 
or a carbide, and not carbon alone ; on the contrary, A. Ledcbur maintained that 
the active agent is carbon — vide supra. L. Guillet concluded that the velocity of 
penetration of carbon is independent of the initial proportion of carbon in hypo- 
eutectic steels ; it varies with different cements, but reaches the same limit with 
different cements after acting for 8 hrs. at 1000°. Both H. Caron, and L. Guillet 
attribute the increased efficiency of wood-cluircoal produced by the addition of 
about 5 per cent, of potassium carbonate to the formation of potassium cyanide in 
the cementation boxes. In agreement with L. Caillctet, G- Charpy observed no 
evidence that cyanides are formed during cementation with wood-charcoal, with 
a mixture of wood-charcoal and barium carbonate^ and with animal-charcoal ; 
only at about 1050° are cyanides formed with the mixture of charcoal and barium 
carbonate, but cementation occurs between - • ' Oj^Mude» are not 

necessary for cementation ; the observation* iiifliienco of alkalies 

on cementation by wood-charcoal are of 

carbon monoxide as of cyanide*. presence 


of nitrogen in steel or of nitrogen compounds n 
carburization by carbon monoxide. Acc»rd% " 
the reaction 3Fe-f 2CO^F^C-fOOf 
depth of penetration incream * 

14 case ” decreases even though ~ 
and dioxide penetrate iron 
does not explain the depth of the 
By cementing a fine wfire of soft 
of 1-9 per cent, of carbon. The stru< 
network of cementite usually found i 
cementation resulted in the agglomera 
tioh of carbon. With steel containing 
obtain by cementation a zone with o 1 
characteristic structure of tempered carbon steal, 


accelerates 
J.F. Wooddell, 

m^r: m the 

is the outer 
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layer has the martensite structure and hardness of tempered steel. Steels with over 
30 per cent, of nickel have the y-structure, and are cemented at lower temp, than 
carbon steels. Indeed, a y-iron steel can be cemented by fused potassium cyanide 
at 450°. The diffusion of carbon into y-iron occurs even at ordinary temp. Thus, 
such a steel cemented at 1000° contained at the surface 1*22 to 1-35 per cent, of 
carbon, and after 6 months, 0-85 to 0'92 per cent. This showed that the carbon 
in the periphery continued dissolving in the masR. L, Guillot measured the influence 
of various elements on the velocity of penetration of carbon, under identical condi- 
tions, into steels with 1-5 per cent, of carbon. The carbon showed a velocity of 
penetration of 0-9 mm. in a given time. With 2 and 5 per cent, nickel the velocity 
of penetration was respectively 0-7 and 0*5 mm. ; with 0-5 to 1-0 per cent, man- 
ganese, 1*1 and 1-2 mm. ; with 1-0 and 2-0 per cent, chromium, 1-0 and 1-1 mm. ; 
with 0-5, 1*0, and 2*0 per cent, tungsten, 0*9, 0*9, and 2*0 mm. ; with 1*0 and 2*0 
per cent, molybdenum, 0*9 and 1*1 mm. ; with 1*0 and 2*0 per cent, titanium, 0*8 
and 0*7 mm. ; with 0*5, 1*0, 2*0, and 5*0 per cent, silicon, 0*6, 0*5, 0*4, and 0*0 mm. ; 
and with 1*0 and 3*0 per cent, aluminium, 0*4 and 0*2 mm. Hence, the substances 
which retard cementation are those which dissolve in the iron — e 17. silicon, titanium, 
aluminium, and nickel — while those which accelerate cementation form complex 
carbides-- e.g. chromium, molybdenum, tungsten, and manganese. There was a 
discussion between L. Guillet, and A. Ledebur on some of these results ; and 
H. le Ohatelier added that it can be regarded as certain that in cementation many 
gaseous substances permit ilie rapid transport of carbon to the iron without direct 
contact of these two substances, and that the diffusion of carbon in contact with 
iron is also possible. The disappearance of temper-carbon on heating, for instance, 
is a proof of it, and the only point open to a difference of opinion is whether carbon 
penetrates directly into iron in the industrial process of cementation. 

F. Marguentte observed that most of the common elements exert some influence 
on carburization, but usually the effect is small. A. Sauveur, and W. J. Merten 
inferred from L. Guillet ’s work that elements which form double caibidcs usually 
accelerate carbon absorption, whilst those elements which remain in solid soln. with 
ferrite have the opposite effect. G. Tammann observed that molybdenum, tungsten, 
nickel, manganese, and cobalt favoured the penetration of carbon up to a certain 
maximum, and the effect then diminished. Antimony, and vanadium retarded 
penetration ; whilst aluminium made no appreciable difference. S. C. Spalding 
found that high percentages of phosphorus and sulphur retarded carbon penetra- 
tion, but chromium had the opposite effect. B. F. Shepherd also found that 
chromium-vanadium steels carburize more readily than carbon steels. 

J. Lecarme showed that the brittleness of cemented steel is not due to the heating 
which accompanies cementation ; and that the cementation wdiicli occurs at the 
surface is accompanied by a chemical transformation of the middle of the mass 
which appears homogeneous throughout. II. Braunc, J. Kirner, and A. Petren 
and J. Grabe studied the effect of nitrogen on the mechanical properties of cemented 
steel — vide infra, action of nitrogen on steel. R. Bruch concluded that cementation 
is a process of diffusion or solution of the carbon which results in a continuous und 
uniform increase in the carbon content in passing from the nucleus to the periphery. 
J. 0. Arnold found the process discontinuous — vide supra ; and R. Bruch's own 
diagram, Fig. 73 (Xl0 and then reduced to one-fourth), shows that with a steel 
cemented by acetylene, at 1050° for 7 hrs., there is an abrupt transition from the 
external hypereutectoidal zone, rich in cementitc, to an intermediale eutectoidal 
zone of pearlite and a hypoeutectoidal nucleus. F. Giolitti observed cases in which 
the outer or hypereutectoidal layer is characterized by cenientite and pearlite, and 
has 1-27 to 1*33 per cent, of carbon ; the second or euiectoidal layer contains 
arlite alone, and has about 0*9 per cent, of carbon ; and the third or hypo- 
tectoickl layer is characterized by the presence of feirite and tiearlite. J. Kirner 


Xfced that with nitrogenous cements a special constituent is present in proportions 
^ increase with increasing amount of nitrogen. He called it flavite, and said 
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that it behaves like a solid soln. in steels etched with picric acid, and it then has a 
yellowish-brown colour and stands out in clear contrast to the other constituents. 
It disappears when the steels are hardened. B. Strauss showed that flaviio can 



bo distinguished by heat tinting. 
A. Fry inferred that the compo- 
sition of the eutectoid is 1*5 j>or 
cent, nitrogen, and the cutectoidal 
temp., 580°. He called the e litre - 
toid braunite. A. Bramley and 
F. W. Haywood found that the 
iron-iron nitride eutectoid has 2 
per cent, of nitrogen, and that the 
eutectoid temp, is GUK 3 . All the 
structures characteristic of the 
iron-iron carbide system can be 
obtained with the iron-iron nitride 
system, hut they are finer in tex- 
ture. As emphasized by H Fay, 
and G. R. Bropliy and S B. Leitei, 
cuse-lnirdening is partly a nitro- 
gemzmg and partly a carburizing 
process. (i. F Hinkcns, and 
S. Sat oh studied the cementation 


Kio. 7:i Three Zones in a Section nt Cemented with nitrogen or Jilt ro- 

» s teel Wire (R Rrneli) genoUs materials ride IHj/a, the 

action of nitrogen on iron. 

The structural changes which occur in steel dunng cementation, etc., were 
discussed by H. Brearlcy. .1. Sorenson, (\ II. Ilertv and co-workers, and (' VV. Bildt ; 
and observation* on the cementation process, by M. Bart lot, II. Braune, K. F Lake, 
J. F. Springer, 0. M. Becker, K. F. Davis, 8. A. Grayson, L. Urenef, H A. Vunvught, 
E. R Markham, H. de Nolly and L. Yevret, A. Sauveiir and (1. A. Reinhardt, 

G. 8. McFarland, H. M. fVawford, L Aitchison. T. G. HellecL, R. M. P. Hamilton, 
T. Murakami and H. Sekiguchi. (\ Klnytmans, H. Scltagrm, G. 8. Scott, 
(\ J. G. Malmberg, W. T. Griffiths, J. Cournot, A. Jucschke, F. \V. Rowe, 
E (}. Muhin and R (\ Spencer, W. E. Day, 1*. Hcnrv, J). l T no, VV. J. Merten, 
H Miiller, H. WcisH, B. F. Shepherd, F. Hudson, F. Kurek V. Robin, 

H. L. Heathcote, T. Baker, H. NYuhauss, H. Rodman, J. 1). Gat, H. Swam, 


C. 0. Bannister and 



Depth m mm. 


W. J. Liunliert, S. A. Gravson, J. Kirner, S. Epstein and 
H. S. Rawdon, A. V. Shulky and A. F. Schultz, A. M. 
Portovin. J (' Olsen and VV. S. Wiewsenbach, R. G Guthrie, 
A. J. Limlberg, 1). A. Holt, 1. Musatti and Ij. Du nielli, 
II. B. North rup, F. H elder, F. Rapatz, R. G. Rnshnng, 
M. T. Lutlirop, and J. H. Ncad and J. N. Bourg. 

F. Giohttis observations on the percentage of carbon 
in successive layers 0*5 mm. thick when steel at 1000" is 
cemented in a current of ethylene, methane, and carbon 
monoxide are summarized in Fig. 7t. With carbon 


p ICii 7* The Con ren monoxide the cone, of the carbon does not attain the 


t ration ot Carbon m cutectoidal value 0-9 per cent., and it decreases uniformly 
Mm riumswive Zones and slowly from the surface inwards. Here the cone, of 
I r Ip ri<T t ^ lc car ^ on the deeper layers varies so little from thut 
and Carbon Monoxide! m ^e external layers that it is doubtful if the carbon has 


simply diffused into the deeper layers ; the cementation 
haR been effected by the penetration of the gas into the steel in co-operation 
with diffusion. With methane and ethylene the external layer is highly carburized, 
for it attains a value exceeding 0*9 per cent., and as in the case of carbon alone, 
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the distribution of the carbon is characteristic of diffusion by difference of con- 
centration. In general, other things licing equal, the cone, of the carbon in the 
cemented zone is smaller the higher is the temp , for the reaction is exothermic ; 
the cone, of carbon in the cemented zone is smaller the lower is the pres^ of the 
gas, because Ihe reaction 2C() -( C J is attended by a decrease in volume ; and 
the cone, of the carbon in the cemented zone increases with an increase in the 
quantity of carbon monoxide which comes in contact with unit surface of steel. 
The reaction occurs under such conditions that no carbon is deposited, so that the 
free carbon formed in the reaction 2( t 0^( 1 0 2 -|-C dissolves entirely in the y iron. 
This means that the speed at which carbon is formed is less than the speed at which 
carbon dissolves in the y-iron. The carbon dissolves in y-iron until it has attained 
a state of equilibrium The velocity of penetration of carbon by soln. in the 
y-iron and the penetration of earbon monoxide into the metallic mass are favoured 
hv meruiiMiig the quantity of carbon monoxide which comes in contact with the 
mu face in a given time. F. Kisenstecken studied the cementation of iron by 
methane. 

Him), homogeneous, quenched steels have a characteristic fracture ; but soft 
steels, carburized by cementation in a more or less deep surface layer, after being 
subjected to a hardening treatment, present a totally different fracture. The 
steel breaks along a suifuce almost parallel to the external surface of the cemented 
steel, and instead of lenticular masses detaching themselves as in homogeneous 
steels, the whole surface yields layers more or less thick according to the depth of 
the cementation The phenomenon is called cjryohatton The surface along 
winch the steel cxpolmtcs corresponds with zones jK)ssessing a different structure 
or gum The rxpolidtion was shown by F. Giohtti to be duo to sudden variations 
m the concentration of the earbon. To avoid as much as possible tin 1 formation 
of Ihese laycis the cementation should be carried out in the presence of earbon 
monoxide The use of cements which furnish carbon monoxide al-u) hinders th** 
formation of liypereutcctoidal zones with their dangerous brittleness These 
facts also show how the different effects lire produced by the so-called gradual or 
mild cements and by the violent cements. 

G. Chappy found that cementation is rather more intense when wood -charcoal 
is used as a cement in an atmosphere of carbon monoxide than when it is employed 
in the presence of its own occluded air. F Giohtti and L. Astorri concluded that 
the reports by L. (bullet and others that solid carbon does not cement iron are 
due to lack of sufficiently intimate contact between iron and carbon, for y-iron 
dissolves and is cemented by solid carbon. An increase in the pressure of the 
curhon on the iron, by favouring closer contact, gives an increased cementation, 
F. Weyl, L. (bullet and C. Griffiths, and F. Giolitti and L. Astorri showed that 
the direct action of carbon on iron is very small ; G. ('harpy and S. lloiiuerot 
found that the action is nil. In cither case, contrary to the opinions of K. Munnes- 
manu, W. C. Koberts-Austen, and A. Ledebur, the direct action ot carbon in 
industrial cementation must be negligibly small. The preponderating effect is 
produced by the simultaneous action of carbon and gaseous cementing agents. 
With wood-charcoal without carbon monoxide, at 10U° for 4 hrs., the liypcr- 
eutectoidul layer was 0-7 mm. thick, the eutectoidal layer was 0-6 mm. thick, 
and the hypoeutectoidal layer, 0-2 mm. thick, whereas when assisted by carbon 
monoxide no hyporeutccfcoidal layer was observed, while the eutectoidal and 
hypoeutectoidal layers were respectively 1 0 and 0*7 mm, thick. Working with .six 
litres of carbon monoxide mixed with the following proportions of liquid benzene, 
at 1000° for 4 hrs., the thicknesses of the different layers were found to be respec- 
tively : 


Benzene 

( Hyperoutectoid 
Kutootoid 
Hypoeutectoid 


1 

ir > 

2 

15 

38 e.c, 

0 

0-2 

02 

0-7 

0*7 

0*7 

00 

00 

0-4 

0-4 

0-5 

0-2 

0-2 

0*4 

0-4 
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No deposit of carbon was observed in the first experiment, but in the other 
cases the deposition of carbon became greater as the proportion of benzene 
increased. It is therefore possible to regulate the concentration of carbon in the 
external layer from the minimum obtained with carbon monoxide alone to the 
maximum obtained with hydrocarbon vapour alone. The results show that it 
is possible to graduate the concentration of carbon in the cemented zones. 
With carbon in an atm. of nitrogen the results resemble those obtained with 
carbon in contact with carbon monoxide. J. Kiracr showed that with some 
nitiogenous cements considerable proportions of nitrogen diffuse into the steel, 
and that nitrogen exercises a marked influence on the cementation. Experiments 
on the equalizing action of carbon monoxide in the cementation of iron in contact 
with carbon were made by F. Giolitti and G. Tavanti. The results also agree 
with the observations of A. M. Portevin and H, Berjot. F. Giolitti also showed 
that bv carburizing the metal in the usual way so as to produce a high concentration 
of carbon near the surface, and subsequently treating the metal with carbon 
monoxide alone, the carbon will be distributed more uniformly and the dangerous 
effects of a liypercutectoidal zone minimized. 

F. Giolitti and F. Carnovali found that by increasing the press, of the gaseous 
medium— carbon nionoxide y ethylene, and methane- the velocity of cementation, 
and the concentration of the carbon in the cemented zones are increased. They also 
devised a process of cementation by compressed carbon monoxide and free cm bon. 
A superficial oxidation of the case-hardened steel was sometimes observed. 
G. ('harpy studied the action of carbon monoxide at 1000° on chromium, manganese, 
and various chromium steels and chromium-nickel steels, and concluded that 
with the various steels in the form of filings the chromium decomposes the caibon 
monoxide, and there is a simultaneous oxidation of the chromium and a carbunza- 
intoof the iron; the two elements liehave as if they were isolated If, instead of 
working with filings, pieces of tolerable dimensions are employed, the same 
phenomena do not recur ; the oxidation of the chromium is restricted to the 
surface layer, beneath which cementation proceeds regularly by diffusion. At 
1000° carbon monoxide carburizes iron, tungsten, and possibly also nickel, but it 
oxidizes chromium and manganese. F. Giolitti and F. Camcvali, however, have 
shown that the phenomena are more readily explained in the light of It. Schenck’s 
diagram, Fig. 31, discussed in connection with the reduction of iron oxides (r/.r.). 
In the case of cementation with carbon monoxide and dioxide m the presence of 
wood-charcoal, it follows that at press, above those corresponding with 0- the 
point of intersection of the curves 4 and 5— the simultaneous formation of ferrosic 
oxide and a solid soln. occurs in the presence of wood-charcoal, whore the solid 
soln. has a concentration of carbon in equilibrium with 2( 1 0v^C0 2 “f (\ At press, 
ranging between those corresponding with O and Q — the point of intersection 
of curves 3 and 5— there is a simultaneous formation of ferrous oxide and of the 
solid soln., also in the presence of wood charcoal. At press, lower than those 
corresponding with Q the solid soln. is formed alone, also in the presence of wood- 
charcoal. Only at press, lower than those corresponding with Q can the cementa- 
tion take place unaccompanied by the oxidation of the metal. Hence, if Iho press, 
of the gas is large enough, phenomena analogous to those observed by G. Charpy 
with chromium steels will also occur with pure iron or with carbon steels, without 
assuming the selective action implied in G. Charpy’s words. G. Takahashi, 
S. Matsubara, and F. Giolitti discussed the chemical equilibria between the iron, 
carbon, and oxygen during cementation — vide supra , reactions in the blast-furnace. 

The general results of the work of F. Giolitti and co-workers show that (i) the 
direct action of carbon is exceedingly slight, and it is negligibly small under industrial 
conditions, (ii) The cyanides, ferrocyanides, etc., exercise on iron a specific 
carburizing action, but the activity of cements containing free carbon and alkali 
or alkaline earth carbonate is not due to the formation of volatile cyanides by the 
action of atm. nitrogen, but to the formation of carbon monoxide by the action 
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of carbon on carbon dioxide produced by the dissociation of the carbonates, 
(iii) The carburizing action of nitrogen in the presence of carbon is negligibly 
Bmall under industrial conditions, (iv) Hydrocarbons exert a direct carburization 
of iron, but the carburizing action of the finely-divided carbon deposited by 
decomposing hydrocarbons on the surface of iron has not been established. 

(v) Carbon monoxide carburizes iron directly at the temp, of the cementation. 

(vi) The specific action of carbon monoxide is intensified when the gas acts on 
iron in the presence of free carbon. This specific action — modified by other 
carburizing substances present, e.g. hydrocarbons and cyanides — preponderates 
enormously above all other in all cements in which carbon monoxide is present 
or can be formed. F. Giolitti and G. Tavanti reported that in the cementation 
of steel by gases, say ethylene at 1050°, the curves showing the concentration of 
carbon at different depths below the surface of the metal show a step with about 
1-2 per cent, of carbon, and the phenomena was regarded as an effect of liquation. 
A. Bramley and co-workers were unable to verify this observation. 

II. Caron observed that besides barium carbonate other carbonates, e.g. those 
of strontium, lithium, sodium, potassium, etc., favour the cementation of iron and 
steel. F. Ilebler found that no better results were obtained by wood-charcoal 
than with other carbonaceous materials, and that the degree of cementation is 
scarcely affected by the addition of chalk to the carbon, but the thickness of the 
hardened layer progressively increases by the use of the carbonates of sodium, 
strontium, and barium. The subject was studied by J. Herbert. The explanation 
of F. Giolitti, A. It. Page, J. F. Shadgen, and J. Tetschenko-Tschopiwsky assumes 
that the effect is due to the decomposition of the carbonate and the conversion of 
the carbon dioxide into the monoxide. H. Rodman, however, thought that 
the carbon monoxide so produced is less important than the residual oxide. 
G. Takahashi found the carburization of iron or steel in the presence of carbon 
is more energetic in the presence of the carbonate than it is in the presence of a 
brisk current of carbon monoxide ; that the carbonate may accelerate the action 
even when it has not suffered dissociation ; that in a current of carbon monoxide 
the carbonate accelerates the carburization process even in the absence of solid 
carbon ; and that the formation of carbon monoxide by the direct reaction between 
the carbonate and solid carbon is not the main factor involved in the process. 
He assumed that the carbonate separates carbon from carbon monoxide ; that 
the velocity of carburization increases as the amount of separated carbon coming 
in contact with the surface of iron or steel increases ; and that any substance 
which favours the separation of carbon from carbon monoxide accelerates the speed 
of carburization. The carbon liberated from carbon monoxide easily reacts with 
carbon dioxide. The carbonates do not energize the process of carburization if 
no carbon monoxide is present. The active carbon liberated from carbon monoxide 
diffuses readily into iron and steel. The energizing action of the carbonates is 
therefore due to the separation of active carbon by a reaction between the carbonates 
and carbon monoxide and the subsequent diffusion of this carbon into the iron 
or steel. 

H. W. B, Roozeboom used the phenomenon of the formation of free cerncntite 
in the direct carburization of cerncntite against the hypothesis that cementite 
is metastable at the temp, of cementation ; but G. Charpy and P. Pingault found 
that the cerncntite is relatively stable — vide infra — and F. Osmond, G. Charpy, 
and V. Benedicks showed that the cementite may be formed by the oscillations 
of temp, which are inevitable during industrial cementation. The cementite 
separates during the cooling alternation of temp. The results were confirmed 
by F. Giolitti and G. Scavia. They showed that there is a difference in the rate 
of the dissolution of cementite in y-iron and the rate at wdiich carbon dissolves 
in iron by cementation. The iron carbide set free during the cooling is in a form 
best adapted for rapid dissolution in the iron. In the heating phase carbon is 
dissolved — as cementite — by cementation, and cementite also passes into soln. 
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In the cooling phase cementite separates out again. As a result, when there is 
an oscillation of the temp., there is an increase in the carbon present in the cemented 
zone above the value corresponding with the conditions of equilibrium realized 
when the temp, is constant. The phenomenon is complicated by the speed of 
dissociation of carbon monoxide during the lowering of the temp., the speed of 
diffusion of the gases in iron at different temp., the speed of the reaction of the 
carbon of the solid soln. on the mixtures of carbon monoxide and dioxide, at 
various concentrations and temperatures, etc. 

A, Bramley and A. J. Jinkings showed that in the cementation of iron and steel 
with carbon monoxide the rate of flow of the gas affects the weight of carbon 
introduced, but not the depth of penetration of the carbon. The period of carburiza- 
tion affects the weight of carbon introduced, and if the carburizing period increases 
in geometrical progression, the depth of penetration also increases m this wav, but 
with a different common ratio. The amount of carbon absorbed increases con- 


tinuously with a rise of temp, between 8(X)° and UHKV ; the depth of penetration 
also varies, increasing in a linear manner with rise of temp The concentration- 
depth curves are steeper the lower the temp. The weight of carbon introduced 
diminishes uniformly with an increase in the original cone, of the carbon A steel 
with 1*54 per cent, of carbon cannot be further carburized by carbon monoxide 
at 950°. The concentration-depth curves are flatter the higher is the initial cone, 
of the carbon in the steel. The depth of penetration of the carbon being independent 
of the rate of flow of the gas and of the initial cone, of the carbon, the deplh to 
which the carbon penetrates at constant temp and press, is independent of the 
gradient of the carbon concentration. 

A. Bramley and (I. H. Beeby likewise studied the cementation of steel with the 
nitrogenous vapours of pyridine or methyl cyanide in a current of carbon 
monoxide. The efficiency of methyl cyanide increased progressively up to IKK) 0 , 
but pyridine became less efficient above 1000 . The cone, of carbon in the 
cemented zone when methyl cyanide was used, was increased by u rise of temp., 
but the cone, of nitrogen was decreased In the case of pyridine, an increase of 
Cither the period or temp, of cementation causes the cone, of both nitrogen and 
carbon to rise to a maximum and then fall again. The maximum willi nitrogen 

w'as attained at a lower temp, than wit h carbon. 
A. Bramlev and (t. Turner obtained results analogous 
to those obtained with pyridine by adding ammonia 
to the carbon dioxide. A comparison of the results 
is shown in Fig. 75. They found tliat the carburizing 
action of the mixtures of carbon monoxide and different 
proportions of ammonia is much greater than that 
of carbon monoxide alone. The stimulating action 
of ammonia is attributed partly to the formation of 
cyanides and partly to the influence of the hydrogen 
formed by the decomposition of the ammonia on the 
carbon monoxide and carbon dioxide equilibrium. 



Fig. 7fi. — Depth of Penetra- The distribution of nitrogen in the cemented zones 
tionH of t'aibon with Car rC aembles closely that which results from cementa- 
Ammonfa, ti(,n f m ade with mixtures of car bou monoxide and 
and Methyl C yanide. methyl cyanide, but the way in which the carbon is 
distributed resembles more the effect produced by 
pyridine. Mixtures of carbon monoxide and hydrogen have stronger carburizing 
properties than carbon monoxide itself, but not so intense as the corresponding 


mixtures containing ammonia. 


A. Bramley and ft Lawton studied the carburization of steel with the vapours 
of hydrocarbons— xylene, toluene, licnzenc, and petrol along with carbon 
monoxide or nitrogen. They found that the depth of penetration of the carbon 
increased according to a linear law as the temp, of cementation was raised ; as the 
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period of cementation was increased in gcomef rioal progression, the depth of pene- 
tration increased in the same way, but with a different common ratio ; the depth 
of penetration was not much affected by the rate at which the carburizing gas mixture 
was passed through the furnace, but it appeared to be slightly greater the stronger 
the cementing agent used. This is not in agreement with A. iiramley and 
A. J. Jinkings’s experiment, where the hydrocarbon was carried into the cementa- 
tion chamber by means of nitrogen, it was found that uneven carburization was 
produced under the same conditions as yielded uniformity when carbon monoxide 
was used as the vehicle for introducing the hydrocarbon vapour. A. W. Mnchhl 
cemented steel with propane and air under press. 

A. Bromley and H. D. Lord showed that after bars of the same steel, carburized 
t») the same extent initially, had been reheated for a definite period at the same 
temp , but in atmospheres differing greatly from one another, the redistribution 
of carbon was the same in all cases. This result is taken to support the solid 
diffusion theory, and to be incompatible with the gaseous diffusion theory. 
A slight loss of carbon occurred in all cases when the carburized steels were 
reheated. 

The cementation of iron with the gas under pressure was studied by F. (’. Langen- 
berg : with cyanogen, by W. J. Merten, and E. Perot; with cyananude, by 
P. \V Stumer, E Perot, and TI. Fay: with cyanides, by E. F. Davis, B. .lousset, 
A. II d'Arrnmbul, V. E . Hillman, F. llapatz, H. B. Northrup, and (J. U Brophy 
and S B Loiter- tmte / vft a nitridization of iron ; with ammonium formate, by 
II Kemmger ; with fused sodium carbonate, by W. A. Jaynie ; with methane, 
or a mixlure of hydrogen and methane or natural gas, by W. P. Sykes, and 
F Eisensfecken . with blast -furnace gases, by T. H. Byron; and with coal gas, 
bvW. Hohland, 0. J. Wilbor and J. A. Comstock, and R.G Guthrie and 0 Wozasek. 
P. Pmgault observed that sodium cyanide does not cement iron at temp, up to 
HIM) when air is absent, whilst grey cast iron heated with sodium cyanide at 675° 
shows an outer zone from which all the carbon has been burned away. If fused 
sodium cyanide be electrolyzed at 65CT with soft steel electrodes, the anode with 
a high enough current density gives indication of cementation. The effect of 
dissolved or included oxides was studied by E. W. Ehn, and S. P. Rockwell and 
F Downes, II. W. McQuaid and E. W. Ehu. 

The observations of P. Oborhoffer and E. Piwowarsky, A. Vita, E. Maucr, and 
K. Iwase show that the amount of gas which can be absorbed by iron and steel 
is very small, being only 0-05 grm. per 1 IK) grms. at 1000°. This, said G. Takahashi, 
is far too small to explain the observed rate of penetration of carbon into iron, and 
he favours the hypothesis that the carbon monoxide, hydrocarbons, and cyanide 
do their w r ork by decomposing on the surface of the iron, and the principal 
mechanism of carbon penetration is attributed to the diffusion of the nascent 
carbon atoms into the body of the metal. If the carburization be effected by an 
agent of the caTbon monoxide system, or of the hydrocarbon system under the 
same conditions, the distribution of the carbon is the same with different agents 
irrespective of their difference in efficiency. 

L. Guillct studied the cementation of nickel-steels, and, as previously indicated, 
he measured the speed of penetration of carbon, and showed that when 7 per cent, 
of nickel is present it is possible to obtain at the periphery a superficial zone with 
over 1 per cent, of carbon, which, when not tempered, but allowed to cool slowly, 
possesses the martensite structure and the hardness characteristic of tempered 
steels. By prolonging the carburization until the periphery has 1-5 per cent, of 
carbon, there is formed on the martensitic zone a superficial layer containing 
y-iron, which can be polished without loss. F. Giolitti and F. Carnovali also 
studied this subject, and found that, other things being equal, (i) the course of 
the cementation w-ith steels containing 2 to 3 per rent, of nickel is virtually the 
same as that of carbon steels ; (ii) when the proportion of nickel exceeds 3 per 
cent., the maximum concentration of carbon in the cemented zones decreases 
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with an increase in the proportion of nickel in the steel ; (iii) the variations in the 
concentration of carbon in the cemented zones are more uniform in nickel steels 
than in carbon steels, and the phenomenon of liquation in the solid soln. is less 
intense than with carbon steels ; (iv) in pearlitic nickel steels the region of 
transition from the hypereutectoidal to the eulectoidal layer in the cemented zone 
corresponds to a carbon content of 0-60 to 0*65 per cent., which is lower than the 
corresponding eutectoidal zone of cemented carbon steels with 0*9 per cent, of 
carbon ; (v) the specific action of carbon monoxide in the cementation of nickel 
steels is the same as it is with carbon steels ; and (vi) the speed of cementation, 
that is, the depth attained by the carburized zone in a given time with carbon and 
carbon monoxide, is slightly higher for nickel stools than it is for carbon steels. 
W. T. Griffiths, ,1. N. Greenwood, J, G. R. Woodvine, and 8. C. Spalding discussed 
the cementation of nickel steels. 

L. Guillct measured the speed of penet ration of carbon in the cementation 
of manganese steels- ^ide sujmi. In general, manganese steels belmve like 
nickel steels, except that on cementing a steel with, say, 5 per cent, of 
manganese, so that the external layer contains 1 per rent, of carlnui, a pearlitic 
core is obtained, then a little martensite, and the periphery is eharaetenzed by a 
great abundance of troostite. It is not therefore as hard us steel with 7 per cent, 
of nickel. 8. 0. Spalding, and A. A. Blue also made observations on the subject. 
L. Guillet, and S. V Spalding measured the rate of penetration of carbon m 
chromium steels — vide supra. When a steel with 5 per rent, of chromium is 
cemented, a martensitic steel ran be obtained, and, by sufficient ly extending the 
operation, there is formed in the surface layer a complex mm-ehronumn carbide. 
G. Charpy’s observations, supplemented by those of F. Giolilti and F. Carnevah, 
are indicated above. F. Giolitti and F. Carncvali also found that the cementation 
of a steel with 2-33 per cent, of chromium, w'ith ethylene, carbon monoxide, or 
carbon and carbon monoxide, is similar to that with carbon steel In general, 
however, the presence of chromium tends to increase the maximum concentration 
of the carbon in the cemented zones. L. Guillet, and 8. (\ Spalding measured 
the rate of penetration of carbon in molybdenum steels, and also in tungsten steels 
— vide supra. The cementation of tungsten steels produces the double carbide, 
or increases the proportion in which it already exists. L. Guillet, and 8. l\ Spalding 
measured the rate of penetration of carbon in silicon steels vide supra . Steels 
with over 7 per cent, of silicon, or those w'ith a smaller proportion if heated a 
sufficiently long time, contain all the carbon in the state of graphite, and they 
cannot be cemented. L. Guillet measured the rate of penet ration of carbon in 
titanium stools, and also in aluminium stools — vide supra. E. W. Ehn studied 
the action of dissolved oxides on the case-hardening of steels ; H. Liipfert, the heat 
treatment of case-hardened steels. 

Experienced workmen accustomed to particular types of steel and to a 
particular process of cementation can arrange bars of cemented steel into groups 
roughly in accord with their carbon contents. Their judgment is based on the 
appearance of the fracture. The bars of cemented wrought iron do not have the 
metallic appearance and the uniformity presented by the original bars. They are 
rather coarsely opaque, brown m colour, and covered with bubbles, blisters, or 
beads varying in size from a pea to a walnut. It is considered a good sign when the 
blisters are small, regular, and uniformly distributed over the surface of the bars 
and do not accumulate along definite lines. The characteristic blisters have given 
rise* to the name applied to the cemented bar — blister steel, arier poulc t and 
Blasenstahl . H. M. Howe and A. Sauveur, for instance, say that blister steel is 
defined as steel obtained by carburizing wrought iron, or steel of low carbon content, 
by heating it in contact with substances rich in carbon ; and they apply the term 
to steel obtained by cementation whether or not it shows the characteristic blisters. 
Another characteristic is the variation in structuro from the periphery to the centre 
of the mass. This gives an indication of the approximate progress of the cementa- 



IRON 


753 


tion. Analyses were reported by J. 0- Arnold, H. Wedding, A, Ledebur, 
0. Thullner, J. Percy, C. W. Bildt, etc. The blistering does not generally appear 
in the partial cementation of cast -steel objects- r.r/. case-hardening. .1. Percy 
first suggested that the blisters are formed by the local evolution of carbon monoxide 
formed when carbon diffuses into iron containing oxides and slags. Jf carbon 
monoxide and not the diffusion of carbon is responsible for the carburization of 
iron, this hypothesis requires modification. J. Percy later showed that if slag 
is not present in the iron, the blisters are not produced, although remrntation 
proceeds as usual. The slag is therefore responsible for the blisters. W. Siemens 
also observed no blistering in the cementation of mild steel. T. H. Henry supposed 
that the blisters are produced by carbon disulphide formed by the action of carbon 
on the sulphides in the metal. 

The manufacture of cement steel— aefer cemente (French), <unaio ci ‘inentato 
(Italian), avert* trmcniudo (Spanish), Cnncntsfal (Swedish), and Zementstahl 
(German)- by fusing in crucibles— crucible steel— wrought iron which had been 
first curbunzed by cementation was inaugurated in Sheffield about 1710 by 
B. Huntsman. 2 This furnished a sounder and more homogeneous product than 
had previously been obtained. This process gave a strong impetus to the manu- 
facture of crucible steel On account of the relatively large expenditure of time 
and fuel in preparing crucible steel from carburized wrought iron, other methods 
have been proposed. The processes of S. Lucas/’ \V. E. Newton, A. Chonot, etc , 
were discussed by J Percy, E. Gniteau, S. Kern, and W. Metcalf. 

According to F. Giolitii, 1 the steel obtained by fusing wrought iron, carburized 
by cementation, is superior to ihe crucible steel now made by directly curbunzing 
wrought iron during the fusion of wrought iron melted in eo\ered crucibles in 
which the desired amount of carbon is placed on the charge or the mixture is 
heated in the electric furnace ; or the steel obtained by cementing the best Bessemer 
or Siemens Martin soft steels and melting the product in a crucible. 

F. (J. Bates/ 1 A. A. Aekermann, and J. Leonrme tried to produce alloy steels 
by mixing a compound of the required metal with the cemenlation powder. 
F. Giolitti added that the technology of the direct manufacture of special steels 
by means of the so-called processes of luctulhe cementation is in its infancy and has 
not yet given satisfactory practical results. IT. Moissan attempted to cement, 
iron with silver and v In annum ; and J Cournot, and A. Folliot and N. Sain derich in, 
with ahtmiiu urn. J. Laissus embedded steel in powdered ferrochromium and 
obtained, at carburizing temp., a thin coat of high chromium steel; and similarly 
in the presence of ammonium chloride he obtained, at N00 to 12(H) , another case 
or layer of high molybdenum, tungsten, or tantalum steA. T. Miyaguohi embedded 
the iron or steel in ft mixture of carbon and boric oxide, and obtained a hard, lough 
layer of borized metal ; boron was ulso examined from this point of view by 
N. Tschiachcwsky, T. P. Campbell and H. Fay, M. Fesczenko-Czopowse, und 
J. Fetschenko-Tseliopiwaky : and aluminium by A. B, Kinzel. H. Moissan found 
that if soft iron be embedded in silicon and heated sufficiently, the metal is silieizcd. 
J. E. Stead obtained no silicon penetration at 1125° to 1175°, and fusion occurred 
at 1300° to 1350°. W. E. Thomson obtained no penetration with silicon at 1100°, 
superficial penetration between 11(H) 1 ’ and 1350°, and fusion at higher temp, 
I\ Lebeau observed a penetration of silicon in reduced iron at 950°. A. Sanfourche 
studied the flilico-ccnicntation of steel by silicon chloride ; and W. E. Vawter 
obtained a coating of silicon on iron heated in silicane at 400? to 600°. The coating 
easily flaked off. R. T. Haslam and L. E. Carlsmith obtained silicon penetration 
by heating the metal in fcrrosilicon between 800° and 1200°, wheie fusion 
generally occurred. Confirmatory results were obtained by A. Fry, L. Guillet, 
and E. G. Maliin and co-workers. W. van Drunen obtained surface films 
of chromiuiu-nickci-iron by the simultaneous diffusion of chromium and nickel 
into iron. 
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$ 11. The Preparation of Purified Iron 

The term iron is tipplicd not only to the element supposed to be chemically 
purr, but it is also employed generally for various forms of technical iron and even 
for steel— -w/c supra, nomenelature. In speaking of iron, therefore, it is often 
necessary to designate the particular kind of iron to which reference is made. A 
close approximation has been made to chemically pure iron, but it is doubtful 
if strielly pure iron has ever been made en masse. Some investigators of the 
magnetic properties of iron are dissatisfied with iron of the highest degree of purity 
that they have been able to prepare. A great many determinations of the properties 
of iron ha\o been made with Swedish charcoal iron, since this iron was for a long 
time one of the purest forms of iron in commerce. 0. Ruff and E. Oerstcn found 
that it approximated to the following analysis ; 

Fo r Mu SI r s Cu 

99 715 0 0H3 0-090 0-020 0-046 0 004 0-010 per rent. 

Iron of a high degree of purity is manufactured by the open-hearth process for 
steel as modified bv R B. ('arnahan. 1 The product, prepared by the American 
Rolling Mill Go., is known commercially as annvo iron. W. J. Beck gave the first 
of the following analyses, and Ii. L Kevnon the second : 

FV C Mn Si p s 

99 805 0 013 0 021 tim e 0-005 0-035 per cent . 

(99 911) 0 013 0-017 trace 0 005 0-025 per cent. 

so that, as pointed out by A. Sauveur, it rivals electrolytic iron in its degree of 
purity, and it is much cheaper. The subject was discussed by A. S. Cushman, 
K. h. Keynon, E. L. Diipuy, AW .1. Beck, and J. A. Aupperle. The process of 
manufacture is thus described by R. B. Carnahan : 

The basic* opon-heurtli furnace is charged with low carbon in" steel scrap. Lime or 
limestone is added to t lie charge to reduce the sulphur and phosphorus, those agents l»eing 
preferably < liurgcd prioi to cJiargmg the metal. The < barge is then i-etined, as in making 
soft steel, by llie employment ot ore or ugitation, or both, but room burizat ion at this stage 1 
is not necessary in ease the charge melts to a product pjMM-ially low in carbon. Carbon, 
manganese, sulphur, and phosphorus are thereby reduced. This refining ojienitioii is 
carried out for u much longer time, from one to four hours more, than is usually employed 
in making high-grade soft steel ; naturally, wdiile the carlnm is Iwing more and nuim 
reduced, the ni.p. of the iron hath rises and the temp, must lx* gradually raised, until il is 
finally at least 15(»6 J . The refining ojieratinn is timshed wlien the bath contains not over 
0-14 per cent, of sulphur, phosphorus, carbon, manganese, and silicon taken in the aggregate. 
For the best results it is desirable and practicable to reduce this aggregate to less than one- 
half the percentage named, and to have neither eorbon nor manganese over 0-02 j>er cent. 
The refined metal is poured irtto moulds while still at a high temp. ; and, while still molten, 
it is deoxidized and degusificd by the addition of aluminium to the molten metal say 
2J Him. per ton. If this operation bo conducted in the turnacc, aluminium pig iron i; 
employed, Aluminium may he economized by |>artially deoxidizing the hath hy employing 
pig-iron — Hay 2 to 8 per eont. ol the charge. The degusifying ami deoxidizing agents must 
of courao. not lw such as to lessen Urn nbo\ e-inent ioned purity of the ultimate proflucl. 
Tho slag is floated off in tapping the metal. 
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Iron of a high degree of purity^/cmtti* reduvhm — has been prepared in the 
laboratory by reducing the purified ferrous or ferric oxides or salts. The reduction 
of the oxides by hydrogen has been discussed in a previous section, and the metal 
was obtained in this way by ,1. J. Berzelius, 2 A. Thibierge, E. Soubeiran and 
*1. B Dublanc, A. M. B. Burin du Buisson, H. F. Gaultier da Claubry, S. de Luca, 
M. H. Deschamps, and L. Dusart. II. Moissan, and F. Glaser thought that the 
reduction occurs in definite stages, but 8. Hilpert, L. Mathesius, and K. Hofmann 
showed that this is not the case, for there is a continuous gradation in the composi- 
tion of the solid phase between oxide and metal. F. Wust and P. Rutten observed 
tlml the leduction can be observed al as low a temp, as 360°, but S. Hilpert, w'ith 
artificial ferric oxide, and F. Wiist and P. Riiltcn, with the natural oxide, found that 
the temp at w*hich reduction begins depends on the previous history of the oxide. 
F. Wust and P. Riittcn also showed that the speed of reduction depends on the 
porosity and gas permeability of the oxide. G. P. Baxter and G B. Hoover showed 
that in order to obtain iron of a high degree of purity, a much higher temp , 900 *, is 
needed for the reduction than that at which the reduction begins. II. Moissan stated 
that the reduction is completed in 36 hrs. at 360', in 12 hrs. at 440°, and at 600' 
the reaction proceeds very quickly. Tho equilibrium conditions are discussed 
elsewhere. F. Wohler reduced crystalline ferric oxide prepared bv heating a 
mixture of one part of ferrous sulphate and 2 or 3 parts of sodium chloride and 
leaching the product with water ; while A. Matthiesscn and S. P. Szezepanovi-ky 
heated a mixture of equal parts of ferrous sulphate and dehydrated sodium sulphate 
to redness m a platinum crucible until sulphurous fumes were no longer evolved, 
extracted the mass with water, reduced the oxide with hydrogen, and fused it 
to a regulus in a lime crucible in the oxyhydrugen flame. 

According to L. Jordan and co-workers, crucibles made from commercial fused 
oxides, alumina, zireonia, and magnesia, were unsuitable for melting pure iron, 
the alumina and zireonia because of the contamination of the melt by silicon and 
the magnesia localise of sulphur. Strong and dense crucibles can be made from 
calcined, chemically pure magnesia mixed with 2 per cent of magnesium chloride 
and about 10 per cent, of water, and such crucibles fired to about ]6O0 r enable 
pure melts to be obtained. Magnesia crucibles bonded with shellac and alcohol 
are also satisfactory, and materials found suitable for melting pure iron were 
satisfactory also for nickel. 

With the idea of removing traces of sulphur, phosphorus, silicon, and occluded 
hydrogen, M. Groins removed sulphates from feme chloride by barium chloride, 
purified the chloride by roerv^t allocation, and then converted the rhlonde to oxide 
for reduction with hydrogen, il. Kreusler converted purified Mohr’s salt to 
oxalate, converted the oxalate to oxide by heating it over an ether flame, and 
reduced the oxide in a hard glass tube with purified electrolytic hydrogen. A. Sun- 
burn ho, L. G. Turnoek, N. Parravano and P. de Gesans. Vereinigten Stahlworkc, 
and O. RufT ami K. Gcirdcn also purified the oxide before reducing it with hydrogen. 
T. W. Richards and G. P. Baxter dissolved electrolytic iron in purified cone, 
nitric and, and after recrystal I izing the nitrate a few times, treated tju* soln. with 
aq. ammonia. The washed and dried hydroxide w T as heated in a porcelain tube 
at 90* f in a current of purified electrolytic hydrogen for 20 hrs. F. K. Bell and 
W. A. Patrick recommended heating the nitTate in hydrogen at 600 r> for 7 hrs. 
and then one hour at 1000° ; and G. P. Baxter and 0. R. Hoover recommended 
heating the nitrate in air at 1000°, until its weight in constant, and then reducing 
the oxide in hydrogen at 110CG to 1150 u . The process was also used by 
T. W. Richards and co-workers, and G. P. Baxter and co-workers. T. W. Richards 
and <1. I*. Baxter recommended the following process : 

A solii. of commercial “ chemically pure ” ferrous chloride was treated wilh an excess 
of hj dragon sulphide, and the resulting sulphides and sulphur worn removed by filtration. 
From the filtrate, after oxidation with nitric acid, tho iron waa precipitated with an excess 
of oq. ammonia and tho precipitate was thoroughly washed by decantation. Jn this 
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pror-eau traces of h number of met a Is which might have been present must have been 
ironovod. The precipitate was dissolved in sulphuric acid, and by cautious addition of 
aq. ammonia basic ferric sulphate was thrown down ; a precipitate which is more easily 
washed than ferric hydrate, hut which wok re-dissolved in sulphuric acid with considerable 
difficulty. In order to reduce to tho ferrous state the ferric sulphate thus formed, the 
solo, wits next subjected to the action of a galvanic current of several amperes. Tho soln. 
was contained in a largo platinum dish which served as the negative electrode, the positive 
electrode being a tlat spiral of platinum w ire. Since the soln. was very cone, and contained 
a considerable excess of sulphuric acid, the greater part of the ferrous sulphate crystallized 
out when the soln. was allowed to cool. By alternately elect rolyzing and cooling, almost 
nil of the iron w r ah eventually obtained ns forious sulphate. Tho ferrous Hidphate was then 
mixed with purified ammonium oxulttlo and the soln. eloctroljzed —aluminium remains 
m soln., und manganese is deposited as peroxide on the anode. The iron was then dis- 
solved in nitric acid and treated os Liefore. 

V). 1 V'ligot reduced ferrous chloride at u red-heat in hydrogen and obtained 
crystals of iron- for crystals, t ve/e infra . W. Spring added that crystals of iron 
are formed if the reduction occurs at a high enough temp. F. Schmitz found that 
a1 to *100 flic reduced metal is pulverulent : and JL Wolfram observed that 
the reduction is very slow at 220 \ and ihc black product contains chlorine. 
A. 15. Hngdusnriun showed that the reduction of ferric chloride occurs in two 
stages: Fe( 'l^-^FcCL— >3 r c. The reaction was studied by K. JeUinek and R. Koop. 
Fur the equilibrium conditions, etc., vide info, ferrous chloride. F. Wohler, 
G. PmgendorlT, L. Mornl and (\ Lunger, and I) Guiccinrdi similarly reduced 
dried ferrous oxalate in h) drogen ; and V. Stalilschmidt, iron nitride. The 
reduction of the complex cyanides - used ns catalyst * in formation of ammonia from 
a mixture of hydrogen and nitrogen at 3tf0’ to 130 and HO to 95 atm. press. — to 
form a -iron was observed by A. Mitt ascii and PL Kuss ; and R. Rrill and 11. Mark, 
and A. Mittaseh and co-workers showed that, ferrous cyanide is probably formed 
as an intermediate stage in the reduction. 

B. Lambert and «l. C. Thomson heated ferric nitrate in an iridium boat so as 
to form ferric oxide or a basic nitrate. The product was placed in u vitreous silica 
tube, and heated just above 1000“ in a current of hydrogen obtained bv the electro- 
lysis of a soln. of barium hydroxide. T. W. Richards and (L P. Baxter tried an 
analogous process, and said that when the nitrate is heated in platinum vessels, 
the metal always contained a trace of platinum, which remained as a residue when 
the product was dissolved in acid. According to F. Sauerwald, commercial ferrum 
reductum is usually contaminated with foreign matter. The impurities in iron 
jirepnred by reducing the purified oxide or chloride are oxide and occluded hydrogen. 
G. P. Baxter said that the hydrogen ran be removed by melting the iron in vacuo ; 
and If. Kreusler added that one fusion in vacuo is not sufficient. A. Sievcrts said 
that only (MXK)2 per cent, of hydrogen is occluded at 800°; and G. P. Baxter 
and <\ R. Hoover showed that even if the metal is cooled in hydrogen, the occluded 
hydrogen is not sufficient to affect appreciably the value obtained for the at. w T t. 
T. W. Richards and (L P. Baxter observed that small quantities of oxygen arc 
present in iron reduced from the oxide in hydrogen at 900 L '. The presence of tho 
oxide was also noted bv F. Mylius, R. Schenck and T. Pingmann, and R. Ruer 
and J. Kusclimann-- vide infra , ferrous oxide. Iron oxide can also be reduced 
to the metal by using carbon monoxide in place of hydrogen. As shown by 
R. Akerman and C. G. Siirnslrbm, L. Gniner, A. Guntz, S. llilpert, H. Moissan, 
ami If. Stammer, tho product is liable to be more or less carburized- -vide supra. 
A. Lcdebur, L. M&thcsiua, and R. Schenck and T. Pingmann showed that the 
reduction must be conducted at a low temp., since carburization is to be avoided. 
The reactions are then symbolized: Fe.j0 4 }- (T) --> 3FeO f P0 2 ; and 
FeO-fCOrSFe+CO*. 

Iron penta carbonyl, prepared by Ij. Monel and co-workers, was shown by 
M. Borthclot and G. Andre, ami A. Stoffcl to decompose when passed through 
a hot glass tube, depositing a thin film of iron as a mirror on tho glass. A. Mittaseh 
observed that the decomposition of tho pcntacarbonyl begins at about 60°, and, 
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at ordinary press., is completed at 200°. The subject was studied by H. Freundlich 
and co-workers, the Farbonindustrie A.G., and A. Curs — vide 6 . 39, 27. 
A, Mittasch showed that it is possible to prepare iron from the carbonyl spectro- 
scopically tree from sulphur, phosphorus, and arsenic, copper, zinc, silicon, 
manganese, nickel, and cobalt ; and that carbon and oxygen are alone present as 
impurities- -possibly in the form of ferrous oxide and iron tritacarbide — vide 
infra, pyrophoric iron. A. E. van Arkel observed that metals which form an 
easilv-dissociated compound can be obtained in a coherent form by heating a 
filament of the metAl in an atm. of the vapour of the compound. 

A. Hiorth observed that the oxide is reduced bv heating it in sodium vapour ; 
and F. Ephraim, that the oxide oi phosphate is reduced to metal by heating it with 
sodium amide. J. A. Poumarede reduced fenous chloride by heating it m the 
vapour of zinc. F. M. Perkin and L. Pratt found that iron oxide is reduced to the 
metal when it is heated with calcium or calcium hydride at a bright red-boa t. 
Z. Roussin found that magnesium precipitates iron from slightly and so In. of 
ferrous and ferric salts ; some hydrogen is also evolved. A. (’ommaille found that 
magnesium precipitates hydrated ferrous oxide from a neutral soln. of ferrous 
sulphate, and iron from an acidified soln. H. Goldschmidt also observed that the 
oxide is reduced to metal by heating it with aluminium as in the aluniino-thermite 
process ; and L. Weiss and 0. Airhel, that the oxide is similarly reduced by misch- 
metal. According to H. Capitame, and G. E. Davis, boiling aq. soln. of ferrous 
salts are reduced by zinc, yielding finely-divided iron. According to N W. Fisrhcr, 
and 3. A. Poumarede, if zinc be immersed in a neutral soln. of ferrous chloride or 
sulphate, in a stoppered bottle, iron contaminated with much oxide is precipitated, 
but E. F. Antiion added that he obtained only flakes of hydrated ferrosic oxide - 
presumably air had access to the soln. in the lutter case. II Gapitaine found that 
when a plate of zinc and copper, soldered together, is linrneised in a neutral soln. 
of ferrous chloride, a friable mass ot iron is deposited on the copper, and it becomes 
tough when heated in hydrogen. 0. Prelmgcr observed that powdered manganese 
reduce* iron from a soln. of ferrous sulphate. G. Gore found that a neutral soln. of 
ferrous sulphate deposited no iron on copper, silver, gold, brass, tin. lead, antimony, 
bismuth, nickel, germau silver, or platinum. J. H. Gladstone and A Tribe observed 
lliat a platinum-iron couple reduces ferric to ferrous salts more rapidly lhan docs 
iron alone ; platinum alone has no action F. M. Raoult observed no precipitation 
of metal from ucidic or neutral, cold or hot soln. of salts of iron by u gold iron couple. 
W. Ipatieff and W. Worrhnwsky found that if soln of iron salts be heated in 
hydrogen under press., oxide and a basic salt arc deposited, but with a (MN-suln. 
of iron acetate at 400\ in hydrogen at 420 atm. press , a small proportion of 
spongy iron separates out, 

M. /lingerie, and W. Engelhurdt obtained the metal by heating ferrous oxalate 
with n mixture of potassium ferrocyanide and carbonate, and extracting the product 
with w r aicr; and A. Brocket, by heating ferrous formate in a closed vessel. 
(\ Broling tried to purify iron by molting iron filings with a quarter of tlieir weight 
of smithy scales under a layer of green glass in a luted crucible at a high temp. ; 
and L. Tronst, by heating iron m a lime crucible by means of an oxyhydrogen 
flame, finishing off w T ith the flame strengthened witli oxygen — the oxidized impurities 
are absorbed by the crucible. 

According to A. (\ Becquorel 3 the electrolysis of a cone. soln. of ferrous sulphate 
nr* chloride results in the deposition of small granules of iron on the negative 
platinum; with sodium chloride, separated from the soln, of ferrous salt by moist 
clay, glittering crystals of iron are deposited, and they exhibit magnetic polarity. 
R. Bbttgcr in 18l(> also described tlic elertrodeposition of iron, and later on observa- 
tions w’ere made by II. Kriimcv, and F. Varrentrapp. In 1H16, M. Boch-Buschmann 
and M. I jet prepared plates 2 mm. thick, and H. Meidinger in 1807 and II. Bouilhet in 
1 8f>8 prepared plates and galvanoplastic moulds of iron by processes which, according 
loL. (Juillet, were secret. In 1808, E. Klein and H. Jacobi prepared iron electrodes 
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for printing bank-notes in Russia. D. Belcher, S. 0. Cowper-Coles, L. Guillet, 
W. E. Hughes, 1). R. Kollog, and W. A. Macfadyen discussed the application of 
the electrodeposition of iron to the production of finished iron sheets and tubes in 
one operation, and the repair of worn parts of machinery. 

According to P. Forster, neutral soln. of ferrous sulphate do not give good results 
as electrolyte for the electrodeposition of iron, since at ordinary temp, the resistance 
is high and disturbances arc caused by the liberation of hydrogen at the cathode. 
The need for the employment of high current densities favours the liberation of 
hydrogen at the cathode. This makes the deposit brittle and hard. With low 
current densities, at low temp., the deposition is slow, but the contamination with 
occluded hydrogen is relatively small. These eonclusions were established by the 
work of H. Lee, S. Maximowitseh, A. Muller, and A. Kyss and A. Bogomolny. 
A. Watt observed that the results are better if the temp, of the bath be raised to 
00' or 70 J . F. Forster said that with the simple sulphate the best working temp, is 
HO : A. JTafT gave TO' ; and W. A. Macfadyen found 05° gave the best results with 
Mohr's salt* ammonium ferrous sulphate. The increased temp, lessens contamina- 
tion wilh occluded hydrogen and enables high current densities to be employed. 
Observations were also made by M. Nchlottcr, and (4. Tisehtschenko and H. Plauson. 
The electrolysis of neutral soln. was discussed by E. F. Kern, S, Pagliani, and 
A. Skrabal. According lo G. Langbein, if the bath tends to become acid, a few linen 
bags containing magnesium carbonate can he suspended in the liquid ; and if the 
hath becomes alkaline, the deposit acquires a matt appearance and is liable to peel 
otT- in that case a few drops of dil. sulphuric acid or, better, citric acid will restore 
neutrality. The subject was discussed by N. H. M. Dekker, O. Mustad, F. Forster, 
H. Maximowitseh, A. S. Ram age, and (\ J. Reed. F. Forster added that better 
results are obtained by working with a bath slightly acid. This prevents the 
hydrolysis of the electrolyte, and lessens the contamination of the cathode deposit 
with occluded hydrogen, which makes the iron brittle and hard. Acetic or oxalic 
acid gives satisfactory results. A. Skrabal used dil. sulphuric acid in a bath of 
ammonium ferrous oxalate ; A. PfafT, and H. Lee, dil. sulphuric acid in a hath of 
ferrous sulphate free from ferric suit ; F. Forster, and O. Mustad, boric acid in a 
soln. of ferrous sulphate ; T Moore, metaphosphnne acid in a soln. of ferric sulphate 
and an excess of ammonium carbonate. 

The use of ferrous sulphate alone is not usually recommended, since the bath is 
liable to become turbid soon after it has been in use. F Varrentrapp therefore 
recommended the addition of ammonium salts to the electrolyte. This, said 

F. Forster, keeps down the cone, of the OH'-ions in the vicinity of the cathode and 
tl.us pivvcnls the deposition of ferrous hydroxide. K . Arndt , T. P. Thomas, A. Pfafl, 
and H. Lee recommended the addition of ammonium sulphate; and A. lliorns, 
A. Skrabal, R. Ambcrg, A. Miiller, E. Klein and II. Jacobi, l\ F. Burgess and 

G, Humbuchcn, W. (\ McWilliams, A. Neuberger, A. Ryss and A. Bogomolny, 
C. IT. I leach and K. M. Vidian, W. H. Gee, 1). Belcher, W. E. Hughes, G. Gore, 
W. H. Walenn, and S. A. Tucker and E. Schramm recommended using ammonium 
ferrous sulphate. W. A. Macfadyen found that thick, adherent deposits of iron 
on a steel base could be readily obtained from dil. soln. of ferrous ammonium 
sulphate at ordinary temp., but the deposition proceeds slowly. With cono. soln. 
equally good results were produced at about seven times the speed obtained with 
dil. soln. The deposits w r cre very sensitive lo the aridity of the soln. ; an acidity 
of O-OObN-HgSOj gave the best results. With a temp, of 50" deposition from a 
rone. soln. occurred about fifty times as rapidly as with a cold, dil. soln. The 
yield is 90 to 95 per cent, of the theoretical with a soln. containing 50 to 100 grins, 
of Mohr's salt per litre and acidified to 0-005 A r -HoS0 4 , using a current density of 
0-80 to 2*48 amps, per sq. dm. The purification of iron by elect rodeposit ion from a 
bath of Mohr's salt was described by R. Ambcrg, 8. O. (W'per-Cnlcs, W, M. Johnson, 
11. Lovelock, A. Miiller, and W. Falmaer and J. A. Brinell. 

The addition of ammonium chloride to the ferrous sulphate bath - say I : 2 — 
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has Wen recommended by R. Bottger, C. F. Burgess, A. Hiorns, E, Klein and 
H. Jacobi, H. Kramer, R. Lena, G. F. McMahon, W. Pfanhauwer, N. B. Pilling, 
F. A. Shepherd, B. Speed and G, W. Elrnen, B. Stoughton, F. Varrentrapp, and 
T. D. Yensen. The addition of sodium sulphate to the ferrous sulphate bath in 
order to increase the conductivity of the soln. was recommended by M. Schlottcr, 
and E. F. Kern ; P. A. Govacrts and P. M. Wenmaekers added sodium thio- 
sulphate and enough organic acid to produce an incipient decomposition of the 
thiosulphate Small potential differences may l>e used and thick, strongly adherent 
dejwsits of iron obtained. Ijangbein-Pfanhauscr Worke, and F. Fischer added 
sodium chloride to the ferrous sulphate bath ; and A. Boucher, and Societc do 
For Grenoble, ferrous chloride (). P. Watts and M. II. Li used a mixture of ferrous 
sulphate and ferrous chloride (150:75 grins) and 6 grins, of ammonium oxalate 
(or 0-6 grm of hexaincthylene tetramine) per litre. (\ Kadota recommended a 
soln. of ferrous chloride equivalent to 10 to 15 per tent. Fe , 12 per cent, sodium 
chloride; and 0-005 to 0-008A T -Hl'l ; and a current density of ,‘i to 7 amps 
per sq. dm. at 85°. 

The use of complex salts hinders the separation of iron hydroxide and raises 
the conductivity of the soln. This method was adopted by F. Varrentrapp in 1868 
According to B Maximow it sell, a very good method of preparing electrolytic iron 
is to make a solu. containing 20 per cent, of ferrous sulphate, FcS0 4 ,7FTm 0, and 
5 per cent, of magnesium sulphate, Mg>S0 4 ,7H 2 0 ; and 25 grins, of sodium hydro- 
carbonate were dissolved in this soln. The skin of ferric hydroxide which forms on 
the surface protects the bath from further oxidation The precipitate is allowed to 
settle to the bottom and to remain imdistuibed , a wrought iron anode and a coppei 
cathode (thinly silvered and iodized) are used. The bath kept continuously at 
work, and 20 to 25 grins, of sodium hydrocarbonate are added a limit twice a week. 
The iron formed improves in quality as time go e^ on, finally reaching a strength of 
1580 kgrms. per sq. cm., and being so soft that it can be bent at a sharp angle 
without breaking. The best current density was found to be 0-5 amp. per sq. (lm., 
and the current efficiency, 97 to 99 per cent. The buttleness commonly found with 
electrolytic iron is here absent, and this is attributed to the low acidity of the 
bath, which does not favour the occlusion of hydrogen. A Kyss and A Bogomolny 
found that both the magnesium sulphate and sodium hydrocarbonate are essential 
constituent 4 ' of the bath, and that the best conditions are : current density, with 
a rotating cathode, 0-005 oinp. per sq. cm. ; and an electrolytic bath of 200 grins, 
of ferrous ammonium sulphate or ferrous chloride, 50 grins, of magnesium sulphate, 
and 5 gmi« of sodium hydrocarbonate per litre of water at a temp, of 15' to 1S\ 
During the electrolysis, 4 to 5 grms of sodium liydrocarbonate per litre htc added 
at intervals of 5 days. The effects of various additions wore tried, but no improve- 
ment in the deposit was observed. The addition of magnesium sulphate to enhance 
the conductivity of the ferrous sulphate soln. was favoured by E. Klein and 
H. Jacobi, W. (\ Roberts-Austcn, W. 0. McWilliams. F. Jlaber, R. Amberg, 
V. F. Burgess and (I. Ifambuchcn, VV. Pfanhauser, 0. Musi ad, and V. Kohlschutter 
and II. Stager. II. 1). llinoline studied the eloetrndoposition of iron from a lmth 
of iron sulphite and calcium sulphite. 

According to A. Skrabal, iron of a high degree of purity is produced by using 
iron deposited electiolytically on platinum an the anode in a soln. of purified ferrous 
sulphate, as recommended by (’. Stammer, or ferrous ammonium sulphate, as used 
by.R. Bottger, II. Meidinger, etc., w r ith a platinum foil us cathode mid an e m.f. of 
0-4 volt. According to R. Amberg, and A. Muller, iron deposited from sulphate 
soln. i s emit animated with sulphates— 0-0050 to 0-0099 per cent, sulphur was found 
in iron from a sulphate bath, and 0-0024 to 0-0029 per cent, in iron from a chloride 
bath. When iron of a high degree of purity is to be prepared elect rolytically, care 
must be taken to have an electrolyte ot a high degree of purity. On the other hand, 

F. Burgess and (\ Jlambiichcn, W. M. Hicks and L. T. O'Shea, H. Lee, and 
A. Skrabal observed virtually no sulphur in electrolytic iron; and with ft cone-, 
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feebly acidic soln. of ferrous sulphate, at 70°, a current density of 2 amps, per sq. dm., 
and agitating the electrolyte bv a current of gas, A. Pfaf! observed only traces of 
sulphur in the electrodepositcil iron ; for instance, with soln. acidified with 6, 12, 
and 13 pcf cent, of acid, the respective proportions of sulphur averaged 0-00030, 
0-00065, and 0*00065 ; (\ F. Burgess and f*. Ilambiichen obtained only 0-(XX)18 
per cent, of sulphur in eleetrodeposited iron ; W. (\ Roberts Austen, 0-005 
tl. 0. Arnold, 0-15 ; O. W. Storey, 0001 ; L. Guillet. 0*006 ; T. I). Yenson, 0-0O3 
.1. Billitcr, 0*016 ; A. Vosmaer, 0*006 : G. P. Fuller, 0-(X)4 ; N. B. Pilling, 0*005 
A, Boiieluiyer, 0-0048 : and J. Eseard, traces. According to A. Muller, the soluble 
anodes employed in the purification of iron should he as free from sulphur and 
carbon ns practicable. L. Houllcviguc found that with an anode of steel rapidly 
cooled from WX)' the iron deposited on the cathode contained only 0*003 per cent, of 
carbon, whereas when the steel anode was slowly cooled, the cathodic iron had 0*033 
to 0-035 pci cent, of caibon. The subject was discussed by N. II. M. Dekker, 
11. Gordian, W. A Maefadvon, G. Masing, K Oma, W. Pfanhauser, A. S. Ramage, 
and (\ Ts(hii]jpet. W. M. Hicks and L. T. O’Shea enclosed the anode of Swedish 
iron in a porous pot, to pi event the spongy carbon which separates from the anode 
mulling the cathode and interfering with the deposition. Any ferric hydroxide 
suspended in the electrolyte might interfere with the adhesion of the deposit if it 
settled on the cathode. Hence, m practice, deep tanks are used for the baths to 
allow the sediment to settle. A. Roue Layer, British Thomson-Houston Co., 
8. O. Cow per ( 'oles F. Exncr, and the Soeiete Anonymc des Acieries Firminy 
comideml the i citation or oscillation of the anode during the electrolysis E. Duhme 
prepared iron of 99-991 i^r cent purity by the electrolysis of a cold sat. soln. of 
fen otis chloride < on taming magnesium chloride and free acid cq. to loss than 
0-0 I A\ The anode may consist of steel or even cast iron. The cathode is rotated 
inside a stationary auxiliary cathode on which a Hmall secondary alternating 
cm rent (of which the negutivc component is greater than the positive) is 
superposed. A porous oaithenware U-tube is arranged round the cathode and a 
current of air i? blown through the tube. At the bottom of the cell a number of 
peimanent magnets sealed into thin glass tubes serve to collect the particles of 
carbide and silicide that fall from the anode. V. Kohlschiitter and F. Jakobcr 
found that the elici t of supciposing an alternating on the direct current is to lessen 
the percentage current -yield. 

The electiodeposition of iron from soln. of ferrous or ferric chloride w'as studied 
by H. Bull, A. Gout her, W. Hittorf, II. Kramer, and J. Thiele. According to 
A. Ry^ and A. Bogomolov, if ferrous chloride is electrolyzed — equal weights of 
water and of the salt- the temp, of the bath should be 60° to 70 r ; the current 
density ut the cathode should not exceed 0-004 amp. per sq. cm ; rapid rotation 
of the cathode improves the quality of the deposit. E. Kelsen used a mixture of 
ferinus chloride, 122*5 grins. ; calcium chloride, 109 grins. ; potassium chloride, 
110 giniH. ; and water, 525 grnis. Observations were also made by R. Ainberg, 
I). Belcher, A. Boucher, 0. T. Thomas anil W. Blum, Themisc-he Fabrik Grieshciin- 
Klektron. ,1. H. Cain mid co-workers, T. I*. McGutcheon and K. F. Smith, 
W. E. Hughes, H. Lee, S. I. Levy and G, W. Gray, E. Merck, R. H. Monk and 
R. J. Tiaill, A. Muller, A. VfafT, A. Pertsch, W. Pip, A. S. Ramage, J. H. Paterson, 
M. Schlottcr, O. Spinzig and A. Wannag, and G. Vic. According to \V. A. Noyes, 
Ihc in ini rmi m potential required for the electrolysis of an aq. soln. of ferrous salt is 
0-66 volt at 20° when electrodes of electrolytic iron aTO employed ; this value 
decreases with a rise of temp., attainiug a minimum at 110° ; a further rise of temp, 
is attended by an increased voltage. W. M. Hicks and L. T. O’Shea used a 5 per 
cent. soln. of ferrous chloride with enough ammonium chloride to make up the 
ratio KcCL ; NH4OI-—I : 2, A clean copper plate w’as used as cathode, and a plate 
of Swedish iron m a porous coll as anode. A current density of 0-08 to 0-2 amp. 
per sq. dm. and 0*7 volt wan used. The iron content of the bath should not fall 
below 4 per cent. FeCl 2 . M. L. V. Gayler recommended the process for the preparation 
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of iron of a high degree of purity. The contamination of the deposited iron 
with chlorides was discussed by R. Amberg, G. F. McMahon, W. Sontag, and 

A. Muller. In C. F. Burgess and C. Hambl chen’s process for the electrolytic 
purification of iron the electrolyte, at 30°, consists of a soln. of ferrous chloride 
mixed with ammonium chloride or sulphate ; the cathode current density is 0-7 
to 1-1 amp. per sq. dm. The anode consists of wrought iron or steel. The current 
yield is 90 to 100 per cent. The process was discussed by G. F, McMahon, and 

B. Speed and G. W. Elmcn. As an example, the anode of iron to be purified 
contained 0*06 per cent. C, 0-05 P, 0*23 Si, 0*3 to 0*5 Mu, and 010 8 ; whilst the 
cathodic deposit of electrolytic iron contained 0-014 per cent. (\ 0*013 P, 0*028 Si, 
0*029 Mn, and 0*003 S. Societe de Fer Grenoble, A. Boucher, and A. Bouchayer 
developed a process for purifying pig-iron by using it as a rotating anode in a 
bath of ferrous chloride or sulphate, or a mixture of both. The process was 
examined by D. Belcher, J. Escard, L. Guillet, and B. Stoughton. II. Kramer, 
and H. Meidinger observed that with a soln. of ammonium chloride and ferrous 
sulphate as electrolyte the iron obtained contained both chloride and nitride. 

According to A. T. C. Estelle, iron can l>e obtained by elect rodeposit ion from a 
suspension of ferric oxide in a hot cone. soln. of sodium hydroxide. The process 
was examined by S. J. Lloyd, who found that the current efficiency is high, 
and the estimated power consumption is 3000 to 3300 kw.-hr,s. per ton of iron. 

C. P. Perin and F. A. Eustis proposed to obtain electrolytic iron from sulphide 
ores by first grinding the ore to a pulp w*ith spent electrolyte- a mixture of ferric 
and ferrous chlorides. There is a reaction: 2Fe(’I 3 -|-FeS -SFeda+S, which is 
nearly complete with pyrrhotite and about HO per cent, completion with pyrito. 
Any copper which passes into soln. is precipitated by metallic iron. The soln. is 
then electrolyzed in a diaphragm cell with graphite anodes. Iron is deposited m 
the cathode compartment, and ferric chloride is formed in the anode compartment. 
The electrolyte is kept in circulation, and its concentration does not exceed 70 grins, 
per litre of Fe(3 a , and about the same with FeGl 2 . When conditions are right, 
iron is deposited at high current efficiency, exceeding 95 percent. That is to sav, 
1 grm. of iron may be had per ampere hour. The amount per kilowatt-hour depends, 
of course, on the resistance of the rell, which in turn depends upon the composition 
and temp, of the electrolyte, but more particularly on the current density. For 
instance, other conditions l>eing equal, a current density of 20 ampfres per sq. 
foot requires 1 volt, 40 amperes 2 volts, and 1(M) amperes 4 volts. Modifications 
of the process for titanium ores were made by R, H. Monk and R. .1. Traill ; some- 
what similar principles were applied by W. Pip, R. T). Pike and co-workers, 
R. J. Traill and W. R. McClelland, and A. J. Moxham. F. Forster, und 0. Mustad 
obtained good results by additions of boric acid to the bath of ferric chloride; 
E. F. Kern, 8. A. Tucker and E Schramm, J. R. Cain and co-woi kers, F. Fischer, 
Langbcin-Pfanhauser W T crke, (’. Arzano and G. (lerici, F. Forster, II. Plauson and 

G. Tischtschcnko, G. Vie, A. Nodon and A. Leoandrc, W. (\ McWilliams, H. Lee, 
Allgemeinc Elektrizitats-Gcsellschaft, A. PfafF, and G. F. McMahon used additions 
of sodium or ammonium chloride ; and F. Fischer, II. I). Hincline, W r . E. Hughes, 
and Langhein-Ffanhausen Werkc used additions of calcium or magnesium chloride. 

H. D. Hincline also recommended a bath of 200 grms. each of FeCl 2 and GaCL, 
20 grms. of ehromous chloride, and 5 grms. of hydroquinone per litre at 30°, with a 
current density of 2*7 to 8 amps, per sq. dm. 

‘ E. F. Kern obtained a deposit of brittle, dark grey iron contaminated with some 
silica by the electrolysis of a sat. soln. of iron in 31 per cent, hydrofhiosihcic acid, 
using a current density of 1 to 2 amps, per sq. dm. and 0-9 to 1*2 volts at 20°, or 0-51 
to 0*70 volt at 60°. E. F. K. Harlieck obtained good results with additions of alkali 
ot alkaline earth sulphates, chlorides, or fluorides. H. Oeltinger used a solu. 
containing some free hydrofluoric acid ; and H. Plauson and G. Tischtschcnko, soln. 
^of fluosilicatcs or fluoborosilicatcs. M. Schldtter electrolyzed soln. of ferrous per- 
chlorate- say 100 grins. Fc01 2 , 200 grms. Fc(C10 4 ) 2 , and 2 grms. perchloric acid 
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in a litre of water — and obtained a deposit with a very fine-grained crystalline 
structure. A. Brand electrolyzed an ammoniacal Noln. of sodium ferrous or ferric 
pyrophosphate ; T. Moon 1 , a soln. containing ferric sulphate, metaphosphoric acid, 
and ammonium carbonate : G. (Jure, ami B. Bottinger, a soln. of potassium 
fcrrocyanide ; and (!, (lore, a soln. of potassium ferrate. The general subject was 
discussed by G. Fuseya and co-workers. 

(i. Vortmann used as electrolyte a soln. of a ferrous salt mixed with an alkali 
tartrate and hydroxide, and A. K. Balls and C. C. McDonnell used a similar soln. 
with the alkali hydroxide in considerable excess. A T. (\ Estelle found that iron 
can be obtained hv the electrolysis of the slime obtained by the action of alkali 
hydroxide or carbonate on iron oxide at a high temp. Iron alloys were also 
obtained by using a mixture of oxides instead of iron oxide alone. F. K. Bezzenberger 
obtained iron by the electrolysis of a soln. of ferrous sulphate containing in suspen- 
sion precipitated iron hydroxide. A. Simon electrolyzed soln. of ferric oxide in 
molten calcium fluoride, when phosphorus and silicon if present are liberated from 
the anode as fluorides. Carbon electrodes and a current density of 600 to 700 amps, 
per sq. dm. were employed. 

R. H. Aiken electrolyzed molten ferrous silicate containing lime or magnesia 
and iron oxide in soln. The elect rode posit ion of iron from molten electrolytes 
was discussed by J. W. Beckman, G. Hofer, F. Sauer wald, and F. Saucrwald and 
(5. Ncuendorff. E. M. Chance employed an anode of fused sulphide, and with fused 
sodium metasilicate as electrolyte and a steel c athode. He found that copper, nickel, 
and iron could be separately deposited, in the order named, by raising the current 
density. Sulphur, urseiur, and antimony volatilized at the anode. It. H. Aiken 
found that when a molten sulphide is electrolyzed, copper and nickel, if present, 
are first deposited and iron sulphide remains. By increasing the current density 
iron is deposited. The subject was studied by T. D. Yensen, and R, D. Pike and 
co-workers. 

W. Hampo, and A. II, W. Aten and co-workers obtained iron by the electrolysis 
of the fused chloride. F. Krupp proposed to refine cast iron by using it as anode 
in molten halides. S. Grunauer found that in the electrolysis of a mixture of fused 
zinc and ferric chlorides the iron deposited oil the cathode before the zinc ; and 
H. J. Blikslager obtained a similar result with a fused mixture of ferrous and 
manganous chlorides at 470°. F. Andersen showed that the electrolysis of a 
mixture of ferrous chloride and a fused eutectic mixture of potassium and lithium 
chlorides gives iron of a high degree of purity. 

Iron can be readily deposited from soln. where the iron is present as a complex 
salt of organic acids. Thus A. Ncuburger, and K. Schild used an electrolyte of 
ferrous sulphate mixed with ammonium oxalate ; F. Exner, and W. Fischer, a soln. 
of ammonium ferric sulphate and ammonium oxalate ; and A. Classen and co- 
workers, G. Parodi and A. Mascazzini, A, Skrabal, S. Avery and B. Dales, W. Sohtag, 
H. Vcrwer and F. Groll, and J. Friih, feme or ferrous sulphate or chloride and 
ammonium oxalate. Platinum foil was often used as cathode and a platinum wire 
as anode, with a current density of 0-01 amp. per sq. cm. at 20°. Salts of other 
acids, carbonates, formates, acetates, succinates, tartrates, and citrates have also 
been tried by S. Avery and B. Dales, R. Ehrcnfeld, P. K. Frolich, A, Skrabal, 
J. Friih, M. Heidcnreich, G. Luckow, R. Kremann and co-workers, O. Orlandi, 
H. Schmidt, E. F. Smith, and H. Verwer. The addition of other organic substances 
has been tried. A. Ryes and A. Bogomolny observed no particular advantage to 
attend the addition of various alcohols, organic acids, esters, aldehydes, or ketones ; 
and O. P. Watts and N. H. Li, the addition of phenols, bases, sugar, and colloids, 
although formaldehyde and hexamethylenetetramine exerted a favourable influence. 
R. Kremann and co workers tried additions of glycerol ; M. Schldtter, glycol, 
chlorhydrin, and dichlorhydrin ; E. H. Archibald and L. A. Pignet, soln. of ferric 
chloride in acetone, ethyl alcohol, and mixtures of acetone with water or alcohol. 
W. A. Macfadycn obtained poor results with glue, gelatin, and ^-naphthol ; and 
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S. 0. Cowper-Coles, creosol and sulphuric acid. S. 0. Gawpcr-ColcR’ process was 
examined by E. H. Archibald and L. A. Vianet, 1), Belcher, W. liovn, and 
B. Neumann. 

The contamination of iron with larhun when I lie inet.il is deposited [mm 
electrolytes containing organic acids has been observed. E E. Smith and F Muhr 
said that tartrates give a \anable proportion of rot bun; G. Pamdi ami 
A. Maseazzini, that oxalate soln. gave a deposit with 0-5 per cent, of carbon — 
S. Avery and B. Dales, 0-21 to 0*42 per cent. ; K. F. Smith, that citrate soln. gave 
a deposit with 0*5 per cent. These results are high, and much smaller proportions 
were observed by II. Verwer and F. droll. The subject was also discussed by 
E H Archibald and L A.Pignct, L. Balbiano and A. Alessi, F. Forster, P K Fiolirh, 
A. (ilazunoll and A. Rozuius, A. Muller, (r. Linnbns, (*. P. Madsen, 11. Schmidt, 
A. Skrabal, W. Sontag, J. Tafel and (i. Fiiedruhs. and H AYrwer. AA ith 
electiolytic iron obtained by other processes ,1. Billiter repoited 0-06 per ienl 
of carbon; A. BouchnycT, 0-029; C. F. Burgess and t 1 Hamhurrhcn, n Ol;) 
O. AY Storey, 0 012 , T 1). Ycnson, 0-010 , J. Kscard, 0-008 : (4. P Fuller 0 006 
N. B Pilling, 0-005 : A. YoMiiaer, 0-004 ; and E Dull mo, 0-002 W. C Robots 
Austen prepared electrolytic iron from u min of feirom and magnesium sulpha tc-* 
of so high a degree of purity that the metal contained onh 0-007 per leu*. nt 
carbon and 0-00,> per cent, of sulphur K Orna found that non deposited fioni 
ammonium ferrous sulphate baths muv contain tl-001 per cent of sulphur as siilphnh 
derived from the anode material, and *0-02 to 0-03 pei tent as sulphate dm\ed from 
the electrolyte. At high temp the sulphate may be icdurcd to sulphide and tlien 
to hydrogen sulphide. The late of desulphurization by hydrogen above Silt) 
is a function of tune, temp., and gram size. 

Iron has al*o been deposited from soln. of its .salts in non .i<|ucnm solvents b\ 
electrolysis between platinum electrodes. Thus .] Timmmiun*. med -i soli, ol 
ferric chloride m methyl chloride , 11 E Patton and AN U Mott a soln. of fen k 
chloride in acetone at oidinury temp. and with a Ijige nun ill density , and 
E. II. Archibald and L. A. Pignet, a soln of ferric chlonde m aictom , ethvl alc ohol 
and nuxturea of the two. The iron is fiec fiom carbon when deposited fioni tin 
acetone soln At low voltages the iron is in the metallic state, but at higher voltages 
the deposit is red. The iron deposited from the acetone ;dc oliol soln is ton 
tuminated with carbon. H. Kohler obtained no clo< tiodeposit fioin soln of 
iron salts m formamide ; L. F. Audrietli and L. V Yntcnm, and II S Booth 
aud^M. Merlub-Sobel obtained a similar result with soln. m lupiul ammonia 
II. E. AV llliams electiolyzed a soln. of ferne chloride m ether, and found flint with 
high current densities and rone, soln iron is deposited, but with dil. soln and low 
current densities ferrous chloride is formed. R Muller and eo workers found | haf 
a soln. of ferrous bromide in pyridine at ordinary temp, furnishes deposits of gie\ 
passive iron. (j. Fuseya and co-workers examined the effect of glycerol on the* 
electrolyte to find if it entejs the electiodepoait and influences the gram size 

Analyses of electrolytic iron have been ie ported by ,1. Bidder, A. Bouchnvei 
C. F. Burgess and t\ Hambuchen, E. Duhmo, J. Escard, U P. Fuller, L. (bullet 
N. B. Pilling, O. W. Storey, and T. 1). Ycnsen. The proportion of iron langes from 
99-963 to 99*971 per cent. The proportion of carbon m/e ftupta ranges from 
0*002 to 0*000 per cent.; and that of sulphur- ~vidv sup) a -from mere traces to 
0*016 per cent. The proportion of phosphorus ranges from 0*0001 to 0-0-1 1 per cent 
and observations on the subject were also made by S. Avery and B. Dales, K. 1 )uhm< , 
L. Guillet and A. Portevin, and T. Moore. The silicon content ranges from 0*001 
to 0-11 per cent. The manganese content >vas discussed by A. Pfatt ; the copper, 
by G. P. Fuller ; the lead, by G. Taimnnun ; 0*004 per cent! of arsenic was reported 
by J, Billiter ; and the oxygen or oxide content, by JS. F. K. Harbeck, JS. F Kern, 
and A. Skrabal ; for the chloride content, vide supra ; and for the proportion ol 
occluded gases, vide tnfta , the chemical pioperties of iron. 

T. D. Yensen recommended fusing electrodeposited iron in vacuo in ordci to 
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reduce the proportion of impurities, and he found that the metal so obtained had a 
permeability two or three times greater than that previously obtained for the 
iron of the highest degree of purity. G. K. Burgess, K. Duhvne, and 0. \V. Storey 
discussed the preparation of iron of a higher degree of purity. 

Electrolytic iron is not homogeneous, since it contains gas pores, occluded gases, 
and foreign inclusions, and L. Schafer emphasized the fact that it is liable to have a 
lamellar structure. A. Skrabal’s observations on two forms of electrolytic iron are 
discussed below. V. K old sch utter said that the crystalline character of electro - 
deposited iron is determined by the mode of arrangement of the individual crystals 
to form the aggregate, as well as the form, habit, and size of the individual crystals. 
Ah in other crystallization processes, growth of existing crystals and formation of 
new nuclei are differently affected by changing conditions, and wide variations in the 
character of such deposits are possible. (\ Marie uml N . Thon discussed the subject . 

Numerous factors may operate in determining the character of the cathodic 
deposit, for the growth of the deposit is affected not only by the forces of crystalliza- 
tion but also probably by the forces in soln. A. K. Graham, U. Eger, K. (thicker 
ami K. Kuupp, K. H, Greaves, ami R. Auduberl discussed the structure of electro- 
lytic iron, and of the factors concerned in the production of symmetrical, columnar, 
fibrous, and powdei y deposits. For V. Kolilschiitter and E. Vuillcumicr's observa- 
tions on the formation of a colloidal, liiuhly dispersed layer on the cathode in the 
first stages of the electrolysis, ride nickel. According to W. Blum and H. S. Kawdon, 
the cathodic discharge of metal-ions and the formation of crystals constitute one 
and the same process, and any given ion is discharged at the point at which the 
lowest discharge potential is required. The discharge potential is a function of the 
soln, press, of tin* metal and the “ effective " metal-ion concentration adjacent to it. 
The single potential and solution pressure of a metal are the resultant of the 
“ primary single potential," which is defined in terms of the solution pressure of a 
single unorientated atom, and the “ orientation potential,” which is a measure of 
the diminution in solution pressure and corresponding algebraic increase in single 
metal potential caused by the orientation of the adjacent metal atoms. A higher 
potential is required to discharge an ion in a position unrelated to those of previously 
discharged atoms than on an existing crystal, and similarly a higher ]>otential i* 
required to discharge an ion on a small crystal than on a large one. Then* are three 
mam types of structure : ( 1 ) those in which all, or practically all, the initial nuclei 
continue to grow; (ii) those in w’hich only part of the initial nuclei continues to 
grow ; and (iii) those in which none of the initial nuclei continue to grow. 

According to V. Koklschiitter and F. Jakober, the superposition ot an alternating 
current on the direct current during the electrolysis tends to make the crystalline 
structure coarse-grained. The orientation of the crystals was discussed by 
R. Audubert, A. Muller, R. M. Bozorth, F. Forster, W. E. Hughes, W. A. Mucfadyen, 
L. B. Hunt, and 0. W. Storey. According to (). W. Storey, electrolytic iron 
changes to the usual fine-grained structure at the A :j -arrcst, and no change was 
observed when this form of iron was heated at a lower temp. The manufacture 
of electrolytic iron has been described by F. Sauerwald and G. Neuendorf!, 
H. J. Lloyd, C. Hambuchen, G. P. Fuller, T. Johnston, F. A. Eustis and 

C. P. Perrin, A. Bouchayer. E. G. Kreutzberg, T. \V. S. Huchiiis, F. N. Budgen, 

D. Belcher, R. H. Monk and R. J. Traill, W. A Noyes, W. E. Hughes, A. Levasseur, 
D. R. Kellogg, G. F. McMahon, N. B. Pilling, K. P. Neville ami J. It. Cain, 
B. Stoughton, H. D. Hiuelinc, M. L. V. Gayler, and R. Dupuis. 

In some of the old bloomery processes for extracting iron from its ores, the metal 
was obtained as a more or less spongy moss. The product furnished by A. Chenot's 4 
process is in the form of spongy iron — epowje wetalliquc. Spongy iron was extracted 
in Sweden, before the 1914-18 war, and exported for use in the open-hearth process. 
Alternate layers of iron ore and coal were heated by producer gas at a temp, between 
1050 u and 1200°. According to J. 0. Handy, the spongy iron has 96 to 97 per cent, 
Fe ; 0-01 to 0-02, S ; 0-012, P ; and 1-4, Si. E. P. Barrett described the production 
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of spongy iron and the absorption of sulphur by that form of metal. The subject 
was discussed by B. Stoughton, E, 1\ Barrett, F. Wiist, W. Rohland, A. Adams, 
G. Mars, J. von Khronwcrth, S. E. Rieurin, E. de Billy, (\ E. Williams and co-workers, 
C. A. Keller, A. E. Bourroud, F. Krupp, M. Wiberg, W. W. Percy, J. Y. Johnson, 
N. K. G. Tholund, B. Britton, and P. Longmuir — t'idc supra. P. Langmuir 
found the iron contents varied from 90 to 97 per cent., and. in addition, contained 
4 per cent, of oxygen ; 1-3, 0 ; 5-2, Si and slag ; 0*2, P, Mn, etc. As shown by 
F. Hatton, spongy iron can 1 m? used as a reducing agent in organic chemistry. By 
its aid combined nilTOgcn is reduced to free nitrogen, and in some cases methane is 
produced. 

G. Magnus 5 obtained powdered and pyrophoric iron by reducing many 
compounds of iron in a current of hydrogen at a relatively low temp -between 360 
and 420‘ . L. Troost and P. Hautcfeuille also obtained it from ferric oxide* : 
F. Wohler, M. Zangerle, F. Gobel, A Vogel, S. Birnie, and G. S Newth also obtained 
it by reducing the oxide, carbonate, or oxalate with hydrogen or carbon dioxide. 

F. Wiist and P. Kiitten observed that the mine tie ore gives pyrophoric iron when 
reduced in hydrogen. Ji. Moissan obtained it by heating the oxalate at about 
440° ; A. Smits and co-workers, from ferrous tartrate, citrate, chloride, or oxide at 
about 3f>0 ; T. G. Finzel, from hydrated ferric oxide free from chlorides ; ('. J Sims 
and E. W. J. Mardles, and A. Mittasch and co-workers, by the decomposition of irrtii 
pentacarbonyl ; and A. Job and It. Reich, by the action of ethyl magnesium 
bromide on ferrous iodide. H. Moissan observed that the reduction of ferric 
oxide is very slow at 435°, and 96 hrs. were needed to obtain iron free from ferrous 
oxide ; the reduction proceeds rapidly at 600\ but the product is not pyrophoric . 

G. Magnus observed that pyrophoric iron prepared from a mixture of ferric oxide 
and alumina retains its pyrophoric quality after heating to redness, but S Birnie 
found that when prepared from the oxalate it loses its pyrophoric quality at 170 , 
but not when heated in nitrogen or hydrogen at 430° to 440\ G. Tamniaun and 
N. Nikitin observed that iron obtained by reducing the oxide in hydrogen at 370 
to 530* is pyrophoric, but above 530° it is not pyrophoric ; and A. Smit« and 
G. Wallaeh were able to obtain pyrophoric iron by reducing the oxide at 600 , 
and found that its activity decreased steadily as the temp, whs raised to 7J0\ 
beyond which the iron was no longer pyrophoric. The reduction occupied an hour 
and a half, and thoroughly dried hydrogen was employed. The best temp, was 
found to be 450°, when the reduction occupied 5 hrs. M. Sicwert stated that the 
iron loses its pyrophoric qualities if kept in hydrogen for 12 hrs., but this has not 
been confirmed ; A. Smits and co-workers found that the pyrophoric quality is 
lost when the iron is heated in u high vacuum at 300”, and there is a marked decrease* 
in the pyrophoric quality when heated to 650 n in purified dry hydrogen. F. Wiist 
and P. Kiitten found that the pyrophoric iron from minette ore loses its pyrophoric 
quality if heated in hydrogen at 700° ; and K. Hofmann found that natural ferric 
oxide is pyrophoric when reduced below 600° for less than 45 mins., but if heated for 
a longer time the reduced iron is no longer pyrophoric. T. O. Finzel observed that 
the pyrophoric quality is retained in dry air at —78°. 

The general idea is that the temp, of the reduction employed in the preparation 
of pyrophoric iron is so low that a skeleton framework of iron atoms remains where 
the iron oxide molecule was present, and that the thermal movement of the atoms of 
iron at the low temp, is too sluggish to allow of their orientation into the dense 
and more compact crystalline state which is the stable form at that temp. In 
consequence, pyrophoric iron is wholly or partly in the colloidal state, pBeudo- 
morphous alter iron oxide. G. Magnus attributed the pyrophoric quality to the 
extremely finely-divided state of the product of the low-temperature reduction, and 
if the reduction occurs at a higher temp., the product is coarser grained. The 
absorption of oxygen by the fine-grained powder is enough to raise the temp, to the 
ignition point. The oxidation of occluded hydrogen by the metal was also thought 
by G. Magnus, and L. Troost and P. Hautefeuille to have some influence on the 
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result. S. Biraie added that the presence of finely-divided carbon has no positive 
influence on the pyrophoric quality. F. Stroineyer, and J. W. Grilles considered that 
the presence of lower oxides which have escaped reduction favours the pyrophoric 
quality. B. Osann, K. Hofmann, F. Sauerwald aud G. Eisner, and G. Tamniann 
and co-workers agree that the pyrophoric quality depends on the extent of the free 
surface exposed by the powder to air ; but A. Sniits and co-workers could detect no 
difference in the sizes of the particles of pyrophoric and non-pyrophoric iron, and 
they conclude that the pyrophoric quality is duo to the metal being in a metastablo 
Btatc. W. Frankenburger and K. Mayrhofer heated a spiral of iron in an atm. of 
nitrogen at 0*1 to 0-01 mm. press., while the vessel was cooled in liquid nitrogen. 
They thus obtained finely divided or " atomized ” iron. 

In 1787, M. van Mamin 0 obtained deposits of thin films, the so-called iron 
mirrors, of iron on glass bv passing an oscillating electric discharge through a thin 
iron wire. M. Faraday also obtained thin films by cathodic spluttering in hydrogen. 
K. Lauch and W. Ruppert obtained a film on u polished crystal of rock salt by means 
of cathodic .spluttering, and then removed the salt with water. This furnished 
a thin, oWtie film of the metal. A. W. Wright emphasized the importance of 
preparing the films in an atmosphere, free from oxygen and moisture. The results 
arjj good when the spluttering occurs either in vacuo or in an atmosphere of hydrogen 
gas ; B. Dessau said that an atm. of hydrogen at 1 mm. press, gives good results. 
Observations were also made by F. Braun, II. Freundlich and co-workers, J. de 
Kowalskv, A. Kundt, L. It. Ingersoll, J. Moser, A. Skinner and A. Q. Tool, J. Strong 
and (\ II. Oart wright, W. W. Nicholas, A. Ungerer, G. V. Thomson, J. V. Johnson, 
and S. J’rocopiu. J. Y. Johnson, and II. Freundlich and co-workers obtained a 
mirror by the thermal decomposition of iron pentacarbonyl in an evacuated glass 
vessel. According to R. Brill, the grain-size of iron liberated by the thermal 
decomposition of iron carbonyl is 10 0 cm. W. Frankenburger and K. Mayrhofer, 
and G. W. V. Kaye and P. Ewcn obtained a mirror which was not homogeneous 
by the sublimation of iron in vacuo ; A. Knocke also obtained a mirror by heating 
iron powder m an evacuuted tube at 755° ; F. II. Constable, by heating a paste 
made of ferrous oxalate or ferric oxide in oleic acid ; E. Tiedo and E. Birn- 
brauer, by heating iron in vacuo ; and the Mascliincbauanstalt Humboldt, by 
direct heating, or by an electric arc formed with one of the electrodes of iron. 
G. Belloc, J. H. Howey, L. lloullevigue, IV Lambert and A. Andanfc, A. J. Sorensen, 
and J. C. Steinberg also prepared iron mirrors in analogous ways. A. Kundt pre- 
pared a mirror by electrolysis, and likewise also E. Breuning and O. Schneider, 
and (\ Muller. Z. Debinska found thin metallic films obtained by vacuum dis- 
tillation exhibit orientation of the micro-crystals. G. F. Taylor made thin fila- 
ments by drawing out the molten metal enclosed in a suitable glass tube and 
removing the glass with hydrofluoric acid. 

The aerosols of iron were described by J. Fischer. 7 According to H. Freundlich, 
and T. Svedberg, the disperse phase obtained by spluttering iron under water, 
Colloidal iron, contains more or less hydrated ferric oxide. This form of iron was 
produced by F. Ehrenhaft by G. Brcdig’s method 3 . 23, 10 -using an arc from 
iron wire electrodes under water. G. Bredig did not have much success with this 
process, but a similar one was successfully used by E. F. Burton, 1*. N. Favloff, 
T. Malursky, (). Scarpa, and D. Zavrieff. J. Billitcr used zinc wires on which a film 
of iron had been deposited clectrolytically. T. Svedberg obtained a colloidal soln. 
of iron in ether by allowing sparks to pass between iron wire clippings immersed 
iu that liquid and connected with an induction coil. R. Guns studied the optical 
properties and the absorption spectrum of the colloidal soln. and as a result interred 
that the particles are not disc-shaped. 

The hydrosol of iron is not very stable, and A. Schmauss found this defect 
mollified by the use of gelatine as protective colloid. The colloid can also be 
obtained by chemical methods; thus, E. Richter obtained the hydrosul by treating 
a 2*f) per cent. soln. of ferric sulphate with 1 to 3 drops of a soln. of dimethylpara- 
VOL. XII. 3 D 
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phenylenediaminc (1 : 4000); H. Crookes and L. Stroud, by treating a mixture 
of a 1 per cent. soln. of ferrous chloride, free from alkali, and a neutral soln. of 
peptone containing 9-5 grins, per litre, with a small quantity of phenol ; and 
H. H. Franck, by reducing a dil. soln. of an iron salt in the presence of a protective 
colloid — like gum arabic, gelatin, gum tragancath, and saponin. B. C. Soyenkoff 
made sols of iron soaps in benzene. According to C. Serono, when a soln. of gelatin 
and a dil. soln. of an alkali chloride or sulphate is electrolyzed between iron elec- 
trodes, a colloidal soln. of iron is obtained mixed with some colloidal ferrous 
hydroxide and a ferric salt. The metal is positively charged. The Chemisehc 
Fabrik von Heyden also prepared the colloid by electrical spluttering under a 
soln containing a reducing agent and a protective colloid— for instance, 0-75 grm. 
of pyrocatechol and 1 grm. of albumose or albumen in a litre of water. I\ von 
Mutzenbechcr used paraglobulin as protective colloid. 

M. Traut>e-Mengarini and A. Scala thought that sonic colloidal iron is spon- 
taneously formed by cold or boiling water in contact with iron, but H. Nordenson 
showed that this is not the case. What actually occurs is the formation of colloidal 
hydroxide when air lias access to iron. E. F. Burton and 1* Phillips' observations 
on the magnetic susceptibility of colloidal soln. of iron agree w r ith the assumption 
that the particles of iron are surrounded by a film of hydroxide. F. Fischer and 

F. Schroter observed no colloid is formed in the direct current arc with iron elec- 
trodes under liquid argon. 

G. Bredig did not obtain a stable etbersol by forming a diicct current arc under 
ether, and G Bredig’s process was found by T. Svedberg not to be applicable to 
the formation of organosols of iron, because of the decomposition of the organic 
medium, but he did obtain an ethersol by the oscillating discharge- 3. 23, 10- 
bet ween iron electrodes under ether in the presence of the finely-divided metal. 
T. Svedberg also prepared alcoholsols w ith propyl and isobutyl alcohol, and acetono- 
sol with acetone. II. B. Weiser and G. L. Mack obtained alcoholsols, etc. ; 

E. Berl and co-workers, various organosols using rubber as a protective colloid 
when the dispersion medium is a hydrocarbon ; F, llaurowitz obtained benzene- 
aolS; and E. F. Burton, a sol with methyl alcohol. H. Nordenson obtained no 
alcoholsol by boiling ethyl alcohol in the presence of iron, nor by exposing an iron 
plate in contact with methyl or ethyl alcohol to X-rays or to ultra-violet rays. 

F. Haurowjtz prepared by T. Svedbcrg's method benzenesol with benzene as dis- 
persion medium and non-vulcanized caoutchouc as protective colloid. C. 3. Hims 
and E. W. J. Mardles obtained a petroleum sol from a soln. of iron pcntacarbouyl 
in petroleum, naphthalene sol from a soln. of the same substance in naphthalene, 
and bromonaphthalene sol by using bromonaphthalene as -solvent. A. Cotton and 

H. Mouton obtained a glycerol sol by aTcing iron under glycerol ; some of the 
medium is decomposed. C. Benedicks observed that when the conditions are such 
that arc discharge takes place for a very short interval of time, as may easily be 
arranged if the current is furnished by an induction coil and a Leyden jar placed 
in parallel with the discharge gap, the surfaces of the plectrodes exhibit well-formed 
eruptive craters, which are attributed to the melting of the metal under the influence 
of the discharge. When the discharge ceases, the surrounding liquid comes in con- 
tact with the hot metal, and this is supposed to be directly responsible for the dis- 
integration of the electrodes. Ultra-microscopic observations show that the par- 
ticles are spherical and have a diameter varying over a wide range, with an upper 
limit of about fy*. D. 0. Bahl studied the flocculation of the sol. 
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§ 12. The Allotropes of Iron 

L'utile bicn roiiMflere a toujours du cuneux et ll cst rare quo le uurieux bien suivi ne 
in< s ne pns a l'utile. -H. A. F. de Rkmimur. 

The first recorded observation on the discontinuity in the properties of iron 
and steel was made at the lieginniug oi the seventeenth century by W. Gilbert, 1 
in liis De nmjuete (London, lfUK)). He found that when a magnet is heated to red- 
ness, it loses all traces of magnetization. About half a century later, T. Brown, 
in his Pseudodoiia epidnnica (London, 1060), also said that the magnetization of 
iron is affected by temp , for lie observed that by the fire, iron abandons what- 
soever it has received from the loadstone.’' In developing his theone de la trempe, 
(\ E. tlullien seems to have had a notion that iron can exist in allot ropic forms. 
About 1820, J. Cummin g noted that the thermoelectric current between iron and 
other metals 4s reversed at a red-heat. In 1809, G. Gore pointed out that when a 
bar of iron is heated to redness, a whole series of changes ‘occurs in its molecular 
structure, as shown by observations on its magnetism, its dimensions, its cohesive 
power, its sp. ht„ its thermoelectric capacity, and its electrical conductivity. Thus, 
on cooling a Ted-hot iron wire a Budden dilation occurs while the iron is still at a 
red-heat, and at this temp, the iron suddenly becomes magnetic. In 1873, 
W. F. Barrett observed that if a piece of steel be heated to redness and allowed 
to cool, it progressively becomes darker and darker until a certain temp, is attained, 
when there is a sudden evolution of heat, which is sufficient to raise the temp, of the 
mass and render it perceptibly brighter. The phenomenon is called recalescence. 
The facts were confirmed by the observations of M. Aliamet, C Bams, 0. Bauer, 
C. Benedicks, F. G. A. Berson, J. H. Brined, \V. Broniewskv, H. L. Callendar, 
H. le Chatclier, G. (Crystal, J. Coffin, G. Forbes, G. Heim, E. Heyn, J. Hopkinson, 
H. Hort, H. M. Howe, A, Ledebur, C. G. Knott, W. Kohlrausch, P. H. Ledcboer, 
H. F. Newall, R. Norris, R. 0. Gale, A. Nouel, J. E. N. Pionehon, H. W. B. llooze- 
boom, E. Saladin, H. Scott, (\ M. Smith and co-workers, A. Stadler, V. G. Tait, 
A. Schulze, and H. Tomlinson. A. Mallock noted that as the proportion of carbon 
in the iron is increased the temp, at which recalescence occurs is lowered— vide infra . 
W. Metcalf, and J. O. Arnold raised the question whether or not the recalescence in- 
steel is due to a change from the plastic to the crystalline state ; and the subject 
was discussed by F. Osmond, and J. O. Arnold. The hypothesis was sterile. 

In 1887, F. Osmond showed that if an iron bar be cooled from its m.p. to 0°, 
the time- temperature cooling curve shows three breaks or arrests. The arrests 
are due to the evolution of a small amount of heat, whereby the rate of cooling is 
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retarded. Tlie evolution of heat is produced by some internal change in the metal ; 
these changes are reversible, because the heating curve of iron shows three breaks. 
The arrests on the heating curve occur at a slightly higher temp, than those on the 
cooling curve. The difference in the temp, obtained by the healing and cooling 
curves is due to a certain amount of hysteresis, lag, inertia, or resistance to change ; 
flic resulting lag tends to lower the temp, of the arrest during the cooling, and to 
raise it during the heating. D, K. Tschemoff, and F. Osmond represented the dis- 
continuities by the symbol A, from the initial letter of the French word arreMation , 
or arrest, and the arrests on the cooling curve were symbolized Ar, where r 
is the initial letter of the word ref) oidiss fluent, cooling ; and those on the heating 
curve Merc represented by Ac, where c is the initial letter of the French word 
chauffage, heating. The approximate temp, at which the breaks occur in the cooling 
and heating curves arc : 


Heating 

. Ac 4 , 1404° 

Ar a , 1)10" 

Ac,, 

, 770° 

Cooling 

. Ar 4 , 1400" 

Ar t , 890° 

Ar,, 

700° 

Average 

. A 4i 1400° 

a 9 , m\° 

A,. 

70S 


J. 0. Arnold, W Heinders and T\ van Groningen, and E. Colver-Glauert showed 
that with the iion of a very high degree of purity the Ar^-arrest may show as a 
double ot twinned a i rest. The subject was discussed by J. Driesen, A. K Oxley, 
P. N. Laschtschenko, A. 1. Brodsky, M. OknofT, and M. Temnikoff. Breaks 
slso occur in the curves relating the temp, with other physical properties 
sp. gr., 1 ensile strength, sp. hh, electrical ieMstuncc. magnetic susceptibility, 
thermo-electric force, etc. There are several possible explanations of these 
Critical temperatures. F. Osmond suggested that they represent changes from 
one allotrnpic foim to another. This means that there are four allotropic states 
of iron. The form stable at ordinary temp and up to about 709 - i.e. Aj>- is 
called a-ferrite, or a-iron ; that form stable between 709 * and 900 is called 0-ferrite, 
or 0-iron; and that between 906 and 1404 , yferrite, or y-iron. Owing to 
hysteresis or lag these arrests are not necessarily sharply defined, but represent 
regions or zones within which the assumed allotropic changes occur. K. Honda 
and S. Miurn, and G. K. Burgess and co-workers, for example, found that with a 
cooling or heating Tate of 2° per minute the A ;r arrost for purified iron begins at 
860° and ends at 850 1 . These intervals may be widened if other elements be 
present — c.g nickel (vide inf) a). The ranges of stability of the four phases are : 
a-iron up to 768" , 0-iron between 708” and 906" ; y-iron between 906° and 1400° , 
and S-iton between 1400° and the m p. If with L. t'amnien, C. II Dench f 
W. Guertler, K. Honda, R. Rucr, F. Saucrwald, G. Tammann, F. Wevcr, und 
others, the 0-phase lie considered as a n on-magnet ic form of the a-pliase, and the 
definition of an allotropic phase be phrased to exclude the inclusion of non-magnctic 
forms as true a Hot ropes, the ranges of stability of the three phases will be : a-iron 
up to 906° ; y- iron between 9(KJ° and 1400° ; and 5-iron between 1400° and the 
m.p. F. Wever, H. Hanemann and A. Schrader, and ?. OberhofTer observed that 
the polished and etched surfaces of a- and 0-ferrite appear as irregular grains ; and 
y-iron shows tw r inned crystals A. Perrier and F. Wolfcrs reported a break in the 
heating curve at Hi H)°. 

E. .1. Ball first observed the A 4 -aiTcst at about 1300° with iron containing 0*12 
per cent, carbon ; and this probably represents the transformation of 8- into 
y-ferrite, subsequently observed by It. Ruer and F. Goerens, when allowance is 
made for the lowering of the transition temp, by carbon. With purified iron 
R. Ruer and F. Goerens observed that the temp, between 1404 w and the m.p., 
1505°, represents the zone of stability of 8-ferrite, or S-iran, These temp, were 
given by B. Ruer and F. Goerens as the best representative values. The idea is 
illustrated diagrammaticallv in Fig. 76. At the critical temp, two forms are in 
equilibrium with one another. 

The X-radiograms of the different forms of iron (vide infra) show that the 
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crystals of 8-fcrrite have a body-centred cubic lattice ; those of y-ferrite have a 
face-centred cubic lattice ; whilst those of /3- and a-ferrite have an identical body- 
centred cubic lattice. The change from j8- to a-ferrite at 
about 770° is not connected with any change in crystal form, 
but it happens that at this temp, the magnetic permeability 
of the iron increases very rapidly, and the arrest is accord- 
ingly sometimes termed the temp, of magnetic transformation. 

Thus, R. Ruer and K. Kaneko regarded the change as a 
transformation of a non-magnet ic crystalline form into a 
ferromagnetic one. 

A. SrnitN distinguishes between what he calls hetero- 
geneous and homogeneous allotropy, and believes that in the 
case of heterogeneous liquids or solids two different forms or 
phases eo exist in equilibrium The relative proportions of 
the two forms vary w ith temperature. At the so-called 
transition point there is a sudden disturbance in the condi- 
tions of equilibrium. Otherwise expressed, the equilibrium 
condition is a discontinuous function of temp. This is sup- 
ported by the fad that the f.p. of sulphur, phosphorus, tin. 
etc , vary with tin* temp, at which equilibrium has been 
attained Meieurv is homogeneous and the f p. is indei>endent *7,°' , <(ii -Differential 
of its previous thermal treatment, the transformation com*- (Diagrammatic), 
spondmg with the change m some property may be abrupt, 
as m J, Fig 77 Again, one II or III, Fig 77 —or both — IV or V, Fig 77 — 
modifications ma\ be soluble in the other and the curve may show all degrees of 
continuity, and there will then be a range of temp, within which the transforma- 
tion takes plaee V, Fig. 77. The allot ropic transformation then involves the 
splitting up of a homogeneous solid soln. of two modifications or phases. The 
subject was discussed bv (\ Benedicks. II. M. Howe, H. C‘. H. Carpenter, A. Holt, 
E. Cohen and G de Bruin, and A.Smits. According to K. Honda and H. Takagi, 
tiic£->a transformation extends over a small interval of temp., and the interval 
with both the and the a transformations increases as the proportion 

of carbon contained in steels is augmented cf. Fig. 76. 

The Appoint. - Although A. Kroll, and W llosenhain and J. C. W. Humfrey 
reported a difference in the murostrncture of a- and )8- phases, they rould not 
■satisfy themselves that there is a real difference, nor could E. H. Sanitcr, 
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Fig. 77. — Abrupt and Graded Transformation Feints. 

J. E. Stead and H. C. H. Carpenter, and 0. W. Storey detect any difference. 
The observations of F. Wcver on the X -radiograms of the metal in the a- and 
/i-states revealed no difference in the space-lattices , although K. Bach reported a 
discontinuity in the lattice constant between 750° and 860°. Observations by 
G. Charpy, and W. Iiosenhain and J. (\ W. Humfrey indicated an increase in the 
hardness as the metal passed through the Ao-arrest. 

W. Rosenhain and J. 0, W. Humfrey heated one end of a rod of purified iron in vacuo 
and simultaneously subjected the rod to strain. Three zonos appeared: in the arrange 
the iron became weaker and softer as the temp, was raised ; in the 0- range the iron was 
harder and stronger ; whilst in the y-rango the material developed a sharply defined 
crystalline structure and its strength was reduced. A. Sauveur heated bars of iron in the 
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middle whilst the ends were cold. Pure irons always broke in the central hottest portion 
when they were twisted ; but if the centre of the bar was above the A a -arrest, the greatest 
twist occurred at two points along the rods corresponding with the A r arrest, This shows 
that iron is more plastic whilst passing through the A s - transf ormat ion . Again, F. Wever 
and P. Giani heated one end of a thin Btrip of mm in vacuo and observed that coarse crystals 
of 8-iron appeared where the temp, was over 1400° below that temp, finer crystals of 
y-iron appeared ; and below 906°, a-iron formed crystals larger than y-iron, but rather 
smaller than 8-iron. 

The heating and cooling curves of purified iron by G. K. Burgess and co-workers, 
J. F. T. Berliner, and F. Wever gave 763° for the A 2 -arrest ; R. Ruer and co- 
workers found 769° ; F. C. Thompson, Ac 2 --765° ; P. Bardenhauer gave Ac 2 — 773° 
and Ar 2 =--771° ; W. C. Roberta- Austen, Ar 2 - 766° ; W. Uontermann, and G. Oharpy 
and L. Grenet, A 2 ~770° ; A. Muller, and W. Rosenhain and J 0. W. Humfrey, 
Ac 2 =770° and Ar 2 — 763 \ Observations were also made by J. O Arnold, G. Belloc, 
W. Broniewsky, H. 0. H. Carpenter and B. F. E. Keeling, P. Oberhoffer, A. Perrier 
and F. Wolfers, and A. Sanfourche. According to G. K. Burgess and J. J. Crowe, 
and E. Maurer, the A 2 -arrest docB not show hysteresis phenomena ; the Ar 2 -arrest, 
for instance, remains at 770° whether the rate of cooling is at the rate of 15 or 
250 degrees per minute. G Tammann also found that the A r arrest is not affected 
by pressures up to 12,000 kgTms. per sq. cm ~<f. Fig. 92. H C. H. Carpenter 
found that the A 2 -arrest is almost oblit prated when electrolytic iron is repeatedly 
heated in vacuo so as to remove the occluded hydrogen. L Gutllct and A. M. Portevin 
observed that the presence or absence of adsorbed hydrogen had no particular 
influence on the A 2 -arrest; and A. Sauveur found that the position of the A 2 -arrest 
is influenced by the previous thermal history of the metal ; thus, on a first heating 
to 1000° the Ac 2 -arrest occurred at 725°; on the eighth heating, at 769°, on the 
ninth heating, at 781° ; on the tenth heating, at 783° ; and on the eleventh heating, 
at 783°. This shows that by previous heatings and coolings there is a gradual 
drift of the Appoint towards a constant value. K. Honda observed that whilst 
the A 2 -arrest represents a gradual change in which the equilibrium condition is 
a continuous function of the temp., the A 3 - and A^-arrests take place at definite 
temp. G. Sirovich supposed that there are two forms of a-iron, namely a r ferrite, 
stable at ordinary temp., and a 2 -feTrite, stable above 370°. He suggested that the 
former is hard and magnetic, and forms solid soln. with cementite ; whilst the 
latter is soft and magnetic, and not capable of holding carbon in solid soln. The 
specific heat by P. Weiss and P. N. Beck gave for the at. ht., a peak at 753° 
when C,,=17-64 ; F. Wiist and co-workerN, 755° when 0^=21-00 : P. Weiss and 
co-workers, 784° when 0^=17*03 to 17-26 ; P. Oberhoffer and W. Grosse, 785° 
when C,»- 27-90 ; 8. Umino, 825 u when (',,--14-53 for steel, and 820° when 
Cj,=19'00 for armco iron ; H. Lecher observed a singular point in the sp. ht. curve 
a*; 740° ; P. N. Laschtschenko, one at 730° ; A. Meuthen, one at 780° ; W. Winkler, 
between 780° and 840° ; R. Durrer, between 725° and 780° ; and P. Oberhoffer, 
between 750° and 760°. Observations were also made by J. Maydel — vide infra . 
C. Benedicks observed a very slight deflection in the thermal expansion curves 
at 760* to 775°, and another small deflection at 830°. These very mild singularities 
are thought to be connected with magnetostriction. Observations were also made 
by G. Oharpy and L. Grenet, H. lc Ohatelier, P. Chevenard, J. Driesen, H. Esser, 
and E. Maurer. The electrical resistance curves of G. K. Burgess and I. N. Kell- 
berg showed a decided cusp at 757° ; and those of K. Honda and Y. Ogura, one 
at 798°, Similarly, I. litaka gave A 2 —790 ; A. Somerville, 785° ; W. Broniewsky, 
750° to 850° ; A. R. Meyer, 700° ; P. Fournel, and 0. Boudouard, 775°. These 
singularities are supposed by F. Osmond to be connected with the A^-arrest. The 
subject was studied by P. Saldau. The thermoelectric force curves by W. Broniewsky 
found a discontinuity at about 795° ; G. K. Burgess and H. Scott, and 
J. F. T. Berliner, one at 768°. Observations on the subject werfe also made by 
0. Benedicks, and W. Geiss and J. A. M. van Liempt. The magnetic susceptibility 
curve was found by H. le Ohatelier, P. Curie, P. G. Tait, A. Regner, R. B. Fehr, 
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and P. H. Ledeboer to show singularities near the A 2 -arrest corresponding with the 
temp, of magnetic transformation In this way J. Hopkinson, E. M. Terry, and 
T. D. Yensen found the Ar 2 -arront is near 785 r ; D. K. Morris, R. L. Wills, and 
K. Honda and H Takagi gave Ar 2 -770 and Ac 2 =870° ; P. Curie, Ac 2 =745 c 
and At 2 =741° , V Weiss and P. N. Berk, 753° ; P. Weiss, 756° ; K. Honda and 
Y. Ogura, 79fT ; S Sato, Ac 2 - 790° and Ar 2 786° ; and T Ishiwara, 780° to 
800° with purified iron, and tins was lowered to 790° with low-carbon steels, and 
to 780° with high-carbon steels. K. Honda’s observations are discussed m con- 
nection with the magnetic properties of iron ; he gave 790° for the Curie point of 
purified iron, and for carbon alloys, 770° ; and he regarded 770° as the Curie point 
of austenite, which he proposed designating the A^-point to show its relationship 
with the A 2 point of iron P. Weiss and G Foex thought that their curves indicated 
the existence of two forms of 0-iron, which they called respectively 0j -iron and 
fti-iron , but E M Terry showed that the supposed breaks were lllusionary. 
J\ Curie found that foi stionger fields there is a tendency for the inversion to extend 
over a w ider range of temp : K Honda observed that variations in the field strength 
had no effect on the inversion, but K. Renger found a difference with different 
field strengths The magnetic inversion - -vide infta — was discussed by l i . Dejcan, 
G Eger, 8 Hilpert, K Honda and co-worker.s, A Perrier and F. Wolfers, G Rumelin 
and R Maire, K Ruer and co-workers, F. C. Thompson, and P. Weiss and co- 
workers. A. B Bagdasanan observed a break in the equilibrium constant of the 
reaction FeCh f H^-'2T1C1 | Fe at different temp 

The effect of alloying elements on the A » -arrest has not been closely investigated. 
It is Juweied from 780° to 690 c by 21 per cent of titanium ; and it is also known to 
be lowered b\ carbon, nitrogen, chromium, and nickel, but raised by cobalt. 

The A^-arrest is reversible, and ferromagnetic a-iron does not show the 
phenomenon of superheating, nor does the paramagnetic 0-iron show the phenomenon 
of under-cooling The ultimate molecular or atomic particles concerned in ferro- 
magnetism, even though they are in an intense magnetic field, acquire more and 
more violent thermal oscillations as the temp rises. This destroys the orientations 
of these particles imposed by the magnetic field The most rapid loss in magnetic 
susceptibility or permeability occurs at about 768°, the A 2 -arrest, and thereafter 
the ferromagnetism continues to decrease, so that the last detectable traces have 
vanished completely at about 790 \ Energy must be expended in breaking up the 
orientation of the molecular or atomic magnets, so that there is a marked change m 
the heat content or sp. ht. at the A 2 -arrest There is also a change in the thermo- 
electric power and electrical resistance at the A 2 -arrest. There is also a slight 
expansion at this temp., possibly associated with magnetostriction. The fact that 
the principal physical properties which are changed at the A 2 -arrest are magnetic 
and electrical led M. Geiss and J. A. M. van Liempt to suggest that the changes 
in the space-lattice are electronic not atomic ; but from a study of the K -emission 
spectra F. Wever could not detect any difference in the electronic configuration of 
the outer shell of magnetic and non-magnetic iron atoms. D. Jones, and F. Wever 
also discussed the electronic structure of the two phases. 

The Appoint.— O. L. Roberts and W. P. Davcy considered 907° to 910° to be 
best representative value for this temp. The mean temp, between the Ac a - and the 
Arg-arrestS represents the point above which iron exists in the y-form, and below 
which it exists m the paramagnetic a-form, V.e. the 0-form. A. Sauveur found that 
the Ag-arrest depends on the previous thermal history of the specimen, for the 
Acg-point on a first heating was 860°, and on the eleventh heating, 919° ; E. Maurer, 
that the Ar 3 -arrest is lowered from 865° to 830° when the rate of cooling is increased 
from 15 to 280 degrees per minute ; and R. Ruer and F. Goerens, that it is lowered 
from 900° to 892° when the rate of cooling is increased from 1 to 12 degrees per 
minute. Analogous results were obtained by F. Wever and N. Engel. 
0. L. Roberts found that with purified iron the face-centred cubic lattice persists 
at 921°. A. M. Portevin and M. Garvin, W r . Schneider, F. Wever and A. Heinse), 
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and F. Wever and N. Engel studied the subject. S. Sato's results for the Ar a - and 
Ac a -arrests are summarized in Fig. 78. G. Tammann observed that the A a -arrest 
is lowered by press. — cf . Fig. 78. The effect of pressure on the A 3 -arrest was 
calculated from R. Clausius and E. Clapeyron’s equation (1. 9, 4), dT/dp- Tdv/dQ, 
, by F. (\ Thompson ; he thus showed that the 

1 _ If- 1 temp, is lowered 1° by the application of 136 atm. 

press. 0. C. Ralston calculated that the Ac 3 -arrest 
is lowered — 0-00482° per atm., or 1° per 208 atm., 
0 80 m 208 by the use of more recent data, T— 1179\ dQ— 370 

uegrees per rnmce cals., dv^~ 0-0625 c.c., and dp---unity. Thechange 
Fm. 78. The Effect of Hate of j n m icrostructu re of iron as it passes through the 

ZXnL" 6 " n A 3 -arre,t was studied by T. Andrews, H. C. H Car- 

pen ter, B, A. Rogers, D. Ewen, H. llaneinann, 
J. C. W. Humfrey, A. Kroll, IV Oberhoffer and A. Heger, H. 8. Rawdon and 
co-workers, W. 0. Roberts- Austen, W. Rosenhain and co-workers, E. Tl. Samter. 

F. Sauerwald and co-workers, A. Sauveur and C. H. Chou, J. E. Stead and 
co-workers, O. W. Storey, F. Wever, and T. D. Yenscn. B. A. Rogers said 
that the change in mierostructuic which takes place at the A ;r arrest, between 
899° and 912°, occurs as an eruption wave which passes quickly over the surfare 
and leaves it completely changed in appearance. No change in the micro- 
structure of armco iron and of electrolytic iron which hus been melted in vacuo 
occurs below the Appoint. The nature of the crystalline change in passing through 
the A 3 -arrest was first studied by F. Osmond, and F. Osmond and (1. Curl aud, and 
it is discussed in a special section l>elow. The changes in the mechanical piopeitws 
at the A 3 -arrest were discussed by J. C. W. Humfrey, F. (\ Lea, W. Rosenhain, 
W. Rosenhain and J. (\ W. Humfrey, and J. E. Stead vide wfia. F. Sauerwald 
and T. Sperling found that the Ac 3 -arrest can be lowered 1° and the Ar 3 -arrest 
raised 4’ bv mechanical strain. Numerous observations have been made on the 
location of the A 3 -arrcst by heating and cooling curves, by F. Osmond, J. O. Arnold, 

G. Belloc, W. Broniewsky, G. Charpy, G. Charpy and L. Grenot, W. Gontennann, 

E. Heyn, 1\ Oberhoffer, W. C. Roberts-Austen, and W. Rosenhain and 

J. C. W. Humfrey. R. Kucr and K. Bode place the Ar 3 -arrest at 87r>° and the 
Acs-arrest at 880° ; R. Ruer and K. Fick gave 875° for the Ar- arrest, R. Jluer and 

F. Gocrens gave 906° for the A a -arrest ; K. Honda and H Takagi gave 916 c for the 
Ac ;r arrest and 890° for the Ar 3 -arn*st , and H. Masumotu gave 908° for the Ae a - 
arrest and 888° for the Ar a -arrcst ; F. Wever and K. Apel gave 90o° for the Ac a - 
arrest, and 855° for the Ar 3 -arrest : A. Perrier and F. Wolfers gave A a 900° ; 
A. Sanfourche, Ac 3 — 959° and Ar 3 — 877° ; P. Bardenheuer, Ac 3 -9ll J and 
Ar 3 ~ 886 ; F. 0. Thompson, Ac 3 - 920° ; A. Muller, Ac 3 -917 J and Ar 3 - 984 L ; 

H. C If. Carpenter and B. F. E. Keeling, Ac a -- 908° and Ar 3 - 901° ; J. E. Stead 
and H. V. If. Carpenter, Ac 3 -- 920 r ‘ and Ar a -887° ; and A. Sauvcur, Ac 3 91 5 J 
and Ar 3 - 983°. G. K. Burgess and J. J. Crowe obtained by extrapolation from the 
results with different rates of heating Ac 3 — 909° and Ar 3 — 898‘- -mean— 903-5°. 

K. Honda and S. Miura observed that the transformation takes place through a 
range of temp, and is not to be regarded as a point — vide infra. 11. Quinncy found 
that the difference in the fall of temp, between single crystals and polycrystals at 
the Acg-arrest is about 4°, and the result is explained by the existence of surface 
energy at the crystal faces of polycrystalline iron. Indeed, it was found that 
mechanical overstrain, which leads to a breaking up of the crystals, reduces the 
heat absorption at the critical point, owing to an increase in the surface area of the 
crystals. J. E. N. Pionchon, J. Maydel, and F. K. Bailey also observed breaks 
corresponding with the A 3 -airest on, the specific heat curves, F. Wiist and co- 
workers showed with electrolytic iron that the Acg-break occurs at 919° and the 
Ar 3 -break at 911° ; J. A. Barker observed a break at 900° ; A. Meuthen, one at 
890° ; P. N. Laschtschenko, one at 896° ; and P. Oberhoffer and W. Grosse, and 
8. TJmino, a break at 906°. W. Broniewsky, G. Charpy, P. Chevenard, J, Driesen, 
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and J. G. Stead and L. Grenet observed singularities corresponding with the A a - 
arrest in the thermal expansion curve ; that of C, Benedicks gave a marked change 
in vol. for Ac 3 -arrest at 903 r to 906°. Those changes may be due to the relief uf 
strains which attend recryHtallizution ; the sharpness of the transformation made 
0. Benedicks assume that a- or /3-iron is insoluble in y-iron, but l\ Ghcvenard 
found that there is an interval of temp indicating that j9-iron is soluble in y-iron. 
H. Esser obtained results in agreement with Ac 3 --90G° and Ar 3 — 897° ; 8. Konno, 
Ac s - 903°; and S. Sato, Ac 3 -895° and Ar 3 885° or eliminating the effects of 
the rate of cooling, A 3 -1)03°. K. Honda and S. Miura found that the Ac 3 -arrest of 
armco iron occurs at 860° to 905°, and the Ar 2 -arrest, at 889° to 850°. Observations 
by O. Boudouard, W. Bromewsky, H. le (*ha teller, P. Fournel, A. R. Meyer, and 
]) K. Morris showed that there are discontinuities in the eUrtrical test stance curve 
corresponding with the A* arrest. G. K. Burgess and 1. N. Kellberg found singu- 
larities coi responding with the Acyarrest between 900° and 911°. and with the 
Ar.j-arrest between 887 1 und 872' ; and 1 Iituka, for Ac 3 ~ 9.90° and Ar 3 - 910°. 
Singularities were observed by P. Saldau, G. Belloc, G. Benedicks, VV. Bromeivsky, 
R Durrer, and K B Harrison m the curve for the thermoelectric force. G. K. Bur- 
gess and H. Scott found singularities corresponding w'lth the Ac 3 -arrcst between 
90G" to 91G’, and with the Ar a arrest between 9(H) J and 896°; P. Oberhoffer, 
with Ac t 909 and Ar,- 895° ; wlnlst A. Goetz observed singularities in the 
range 900' to 9J0 r . .1 F. T. Berliner obtained similar results. Irregularities were 
observed bv P Gurio, K. Honda and eo-w T orkers, and P. Weiss and co-workers in 
the magnetic susceptibility curves lv Honda and H. Takagi found singularities 
corresponding with the Acj arrest at 908° to 911°, and for the Ar 3 arrest, 889° to 
898 , T Islmvara similarly obtained singularities for the Acypomt at 898° and 
for tiie Ai a point at 890' ; T. 1>. Yensen, Ar 3 at 894'; and E. M. Terry, at 
918 for the Ap point and at 903° for the Ai r point. G Belloc, A. Sievcrts, and 
G. film sch nliseived singularities in the solubility of hydroc/en in iron corresponding 
with the A i- arrest; P van Groningen, in the equilibrium constant of the system 
a Fe FeO- y Fe gas , and A. B. Bagdasnrum, in the equilibrium constant 
of the reaction : FeGl 2 f H 2 , ^2H( 1 1 -f Fe 

A, E. Oxley, G Mars. L Grenet, and T. I). Yensen inferred that if iron could lie 
completely purified, it would be found to exist only in the a-form. it is assumed 
that pure iron, below the m.p., has no allotropie forms, and its characteristic lattice 
structure is the body-centred cube ; it is further assumed that the A 3 - and A 4 - 
transformations are caused by the entrance of carbon and other “ stranger ” atoms 
in the interstitial spaces of the lattice ; and when their amount exceeds the solu- 
bility in a-iron at the particular temp., they cause the iron to modify its structure 
in order to accommodate them. They-phase is suppressed in the iron-silicon alloys 
when the proportion of silicon exceeds J-5 to 2-3 per cent., and this amount of silicon 
represents wliat is required to deoxidize the iron ; otherwise silicon is not an inter- 
stitial clement so far as the space-lattice is concerned, rather is it a substitution 
element. Similarly w T ith the alloys with chromium (y.i>.). The subject was dis- 
cussed by F. G. Thompson, It. A. Hadfield, J. E. Stead and II. G. H. Carpenter, and 
G. K, Burgess and 1. N. Kellberg. 

The Appoint. -This corresponds with 1 he appearance of a new phase called S-iron.‘ 
As indicated above, this transition point was discovered by E. .1, Ball ; and it waa 
discussed by F. Wever, P. Weiss, J. O. Arnold, W. Roscnham, F. Osmund, R. Ruer 
and co-workers, M. Copisarow, H. Bredmeier, K. Honda, and H. lc Ghatclicr. The 
effect of pressure on the A 4 -arrest, calculated as in the case of the A a arrest, is to 
raise the Ac 4 -point 0-00557° per atm. or 1° per 180 atm when T - 1G73 , dQ~ 140 
calB., dti -0-0192 c.c. ; dp - unity. The change in the microstructure was examined 
by F. Wever, F Sauerwald and co-workers, and H. 8. Raw don and T. Berglund. 
E. J. Ball, and F. Osmond observed by the heating and cooling curves that the Ar 4 - 
arrest occurs at about 13(X)°, and more accurate observations by W. Gontermann 
gave 1411° ; R. Ruor and K. Fick, and R. Ruer and K. Kaneko observed 1420° ; 
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R. Ruer and R. Klesper, 1401° ; and D. Hanson and J. R. Freeman, 1400°. The 
subject was also studied by W. 0. Roberts- Austen, H. Harkort, A. Muller, and 
A. Sanfourche. The specific heat curves of F. Wust and co-workers showed a 
singularity at 1404*5° ; and those of 1\ Oberhoffer and W. Grosse, at 1401°. 
J. May del made observations on the subject. S. Sato, and F. Chevenard examined 
the thermal expansion curves and found a break corresponding with A 4 — 1400°. 
8. Sato said that the expansion curve of S-iron is continuous with that of a-iron, 
and hence inferred that a- and 8-irons are the same allotrope. P. Oberhoffer found 
a discontinuity in the curve for the thermoelectric force at 1403°, and A. Goetz, one 
at 1400 c . The magnetic susceptibility curves of P. Curie gave the transition at about 
1390° ; P. Weiss and G. Foex observed a singularity at 1395 r ; T. lshiwara, at 
1390° ; and E. M. Terry, at 1406°. A. Sanfourche observed 1360° on the heating 
and 1310° on the cooling curves. A. Goetz observed a change in the mission of 
electrons between 1400° and 1500° ; and A. B. Bagdasarian, a change in the equili- 
brium constant for the reaction FeCl 2 +H 2 ^2H( , l-t Ft*. 



Most elements have an opposite effect on the A 4 - and A 3 -aro\sts. Thus, the 
addition of chromium lowers the A^-arrest and raises the A 3 -arrest, so that the range 
of stability of the y-phase becomes smaller and smaller, until it finally disappears. 
This occurs with about 1 4 per cent, of chromium. The curves for the A 8 -, A 4 -arrosts 
meet at 107f) r ', and y-iron does not exist in alloys with more chromium. The A 3 - 
and A 4 -arrests are suppressed. Similar results are obtained with about 6 per cent, 
of tungsten, or 1-85 per cent, of silicon, or 2 per cent, of tin, or 2*5 per cent, of 
vanadium ; and aluminium, molybdenum, and phosphorus act similarly and 
narrow the field of stability of y-iron. On the other hand, the reverse effect is pro- 
duced by carbon, copper, and nickel. These elements thus enlarge the field of 
stability of y-iron. The A^-arrest is raised from 1400° to 1477° by 8 per cent, of 
copper, and the A s -arrest is lowered 833° by 3 per cent of copper ; the A 4 -arrcst is 
raised to 1502° by 3*2 per cent, of nickel, and the A 3 -arreBt is lowered to room temp, 
by 36 per cent, of nickel ; whilst the A 4 -arrest is raised to I486 0 by 0-38 per cent, 
of carbon, and the A 8 -arrest is lowered to 730° by 0*9 per cent, of carbon. Cobalt 
is peculiar in that it does not produce opposite effects on the A 4 - and A 8 -arrests. 
Thus the presence of 22 per cent, of cobalt raises the A 4 -arreBt to 1492°, and the 
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Ag-arrest is raised to 990° by 45 per cent, of cobalt. F. Wever showed that the 
elements Mn, Ni, Co, Ru, Rh, Fd, Oh, Ir, and Ft enlarge the temp, range of stability 
of the y-phase, whilst the elements Be, Al; Si, F, Ti, V, (V, Ge, Ah, Cb, Mo* Sn, Sb, 
Ta, and W narrow the range of stability of the y-phase. All this is in accord with 
F. Osmond’s rale that elements with a small at. vol. tend to produce in iron that 
form which has the smallest at. vol.— r e. y-iron. Boron and beryllium are ex- 
ceptional. J. 0. Arnold, and H. von Jiiptner thought that the alleged allotropic 
changes were largely due to the presence of impurities- -notably hydrogen. The 
effect of hydrogen on the As-arrcst was examined by H. le Chatelier ; and L. Guillet 
and A. M. Porfcevin could detect no marked influence of hydrogen on the A 3 -arrcst . 
For the effect of hydrogen on the A 2 -arrest, vide supra. The effect of elements of 
different at vol. in relation to the at. number is shown in F. Wever’s tables. Fig. 79, 
where A. denotes that the element is virtually insoluble; that the element narrows 
the range of the y-phase ; and ■, that the element widens the range of the y-phase. 
An analogous curve is produced by plotting the at. radius and at. number. The 
relation between the effects produced by elements and their position in the periodic 


■ 




w 

m 

gg 

n 




mm 

mm 

mm 

n 

mm 

a 


a 

mm 

a 

6 

wm 

wm 


wm 

D 









■ 

■j 

■ 


■ 

m 

■ 

■ 

■ 

zHe 

99 

jL 

wm 

4tie 


■ 

B3 


eC 

B 


■ 

80 

■ 

wm 

■ 

B 

■ 

/O/Ve 

EJ 

a 

B 

• 


■ 

n 


■ 

■ 

n 

■ 


B 

B 

B 


B 


m 

/'Ai 

B 


■I 

■ 

Mfl 






/6S 

B 

E 3 

■ 

B 

■ 

mx 

III 

▲ 

mi 

M 

■ 

■ 

n 


• 


• 


• 

■ 

MH 

B 

B 


i 




ZOCd 


2/Sr 




23/ 


HCr 




ZSFe 

EES 

EE 3 


N 

A 


A 




□ 


m 


% 


a 



m 

■ 



2*Cu 


ES3 


3/Gd 


1959 





■ 





3SKr 



■ 


o 




Ini 


a 


Hfifl 

B 

■ 






37/ft 


38Sr 


39Y 


Mr 


4m 






44Ru 

liRt 

E3 


r 

4_ 


_A_ 




• 


• 


a 

■ 

m 


u 

□ 

□ 






490/ 

m 

\/>7fil 


SOSn 


5/Sb 

■ 

rag 

B 

rn 


■ 

■ 




n 


lA 

■ 

wm 


• 


• 

■ 

■H 


Kfl 


I 

B 

HI 


ssCs 




580 

m 


73Ta 




TSRe 


ISOs 

mx 

E3 


VI 

.4_ 


r\ 


t 

> 

m 


• 


c 1 




■ 

frl 

□ 




tsAu 


Wk 


03 


&flb 


830/ 


etPt 


86- 


— 

■ 




■ 


A 


rl 


A 


A 







B 

■m 


T'-~ 


SS/fd 

A 


83Ac 

■ 

n 

m 

g 


g 

■ 





■ 

■ 


Fig. 80,- -The Effect produced by Different Elements Uroupod in Accord with the 

Periodic Table. 


table is indicated in Fig. 80. A. Merz found that chromium lowers the Agrarrest, 
tungsten raises the temp., silicon, and nickel broaden they-field, and manganese has 
little effect. 

The X-radiogTams of A. W Hull, and A. Westgren Bhow that the a- and 8-forms 
of iron have the same body-centred cubic lattice, whilst the y-form of iron has a 
face-centred cubic lattice. Observations oil the temp, cocff. of the thermoelectric 
force by W. Schneider, A. Goetz, and G. K. Burgess, the magnetic susceptibility 
by P. Weiss and G. Fo&x, and the sp. ht. by F Obcrhoffer and W. Grossc show that 
the curves for the a- and S-forms of iron would be continuous were they not dis- 
turbed by the intervention of the y-phase , and, as just indicated, this phase can be 
suppressed. F. Wever therefore suggested that a- and 8-iron are one and the same 
phase. 

At first sight it seems thermodynamically improbable that at one temp, an 
allotrope A should pass into an allotrope B with the evolution of heat, and that at 
a higher temp, the allotrope B should return to the original allotrope A, again with 
an evolution of heat. H. Bredemeier showed that there may be a thermodynamic 
reason for this strange phenomenon. He said that if it were possible to plot tho 
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thermodynamic potential £, or free energy of one form, and compare it with that 
of the other, the two curves would present the appearance of those in Fig. 81 (£, 
arbitrary scale). The curve ab would be the isobaric curve of the thermodynamic 
potential of a- and S-iron, and cd , the same for y-iron. Their intersections at 906° 
and 1400° are the transition temp. The form of iron with the smallest potential 
is the most stable, and this is the case for y-iron between 900° and 1400°. Thermo- 
dynamic potential £ is a measure for the stability of a phase, and it can lie repre- 
sented as a function of the free energy, E , and the entropy, 8, so that £— E - TS f pt\ 
where p, r, and T respectively denote the press., vol., and temp. The entropy is 
the first derivative of the free energy, so that 8=- d£jdT, whilst the second derivative 
is a function of the sp. ht., so that - C 'JT. By comparing the slopes, 

dydT, of the curves at 906° and 



1400°, Fig. 81, it follows that at 
906° the thermodynamic potential 
of a-iron is greater than that of 
y iron, whilst at 1400° the thermo- 
dynamic potential of y iron is 
greater than that of 8-iron. The 
energy contents of the two forms 
of iron can be compared at these 
two temp., and it follows that in 
passing from u- toy-iron the heat 
of transformation is positive, as is 
also the case in passing from y- to 
8-iron. The curvature i iP^/dT* of 
the curve for y-iron is less than is 
that of the a-, 8-iron curve, and 
this would mean that the sp. lit. 
of y-iron is the smaller. The sp. 
not show this, for while the sp. ht. of y-iron is less than 

The sp. ht. data of F. Wiist, 


Fio. 81.— The Thermodynamic Potential ot Iron 
(Diagrammatic ). 


hi. data available do 

that of a-iron, it is greater than is that of 8-iron, 
however, make the sp. ht. of y-iron smaller than of both the a- and 8-forms of 
iron. E. Rengard discussed the theory of cooling curves; and F. II. Jeffery, 
and Y. Chu-Phay, the thermodynamics of the system; and II. Dchlmger, the 
changes in the electronic systems in passing from one allotropic form to 
another. 

There is a general agreement that the A 4 - and A 3 -arrestH represent allotropic 
changes, but there is a difference of opinion about the existence of /5-ferrite as an 
allotropic form of iron. It may represent (i) a veritable allotropic change from a 
/B- to an a-allotrope of iion ; (ii) it may not be an independent phase, but rather 
a solid soln. of a- and y-ferrites ; or (iii) it may represent an intermnlecular, 
not an allotropic change, taking place within a considerable range of temp, in 
thp a- phase. 

G. K. Burgess thus compared the evidence for the existence of allotropic trans- 
formations of purified iron at the A z - and Appoints : 


Heat evolution or absorption 
Specific* heat 
Electrical resistance . 
Magnetic susceptibility 
Other magnetic properties 
Mechanical properties 
Exjmnsion 

Crystalline structure (X-rays) 


Aj-arrent 

Present; Ar a -Ac a 
Present ; Ar n — Ac a 
Marked ; Ar a - Ac* 
Marked ; Ar^-Ac, 
Most am well-marked 
Proljftblo 
Present 

Body -centred cube 


A 9 -arrt!«l 

Present ; Ar ,^Ac B 

Present 

Present 

Very feeble 

Most arc feeble 

Marked 

Marked 

Fare-centred cube 


and in Table IX A. Sauvcur summarized the chief properties of three of the 
allotropes of iron, for iron containing carbon. According to F. Osmond : 
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Taulf IX — A Comparison* or home FROPERTirs or Allot ropfs oj Iron. 


Melidlurgu al name 
Stability range* 


( rystnlli/ulion sysUnn 
Habit 

Sjltlfl lllttlM 
I vi inning 
Sp pr 

I l( r (in al i omlin tmtv 
Magnetic pwptr*\ 
Hardin ss 


y in n 


| Austenite* 

Over A a A va or 
| A^ g , for c esH 
fen it r oven \ 2 
or A ,,<j , foi ou 
tee told feinto 

Cuba 

0« tahodra 

Fai o < piiI ii d 

I Frtqucnt 

ft or a iron 
a iron 

Non mugm tie 
I <^ft iron a iron 


(fi iron) 


ft b 1 nte 

Hetwoen \ z and 

V a 


( 1 1 bn 
( uh< s 

Hock e t ntre d 
None 
a iron 
y iron 

l nr bl\ magnetic 
\ 1 1 v Jiard 


a iron 


b f rritc , a f» rrile ; 
or pc ulito fr rnto 

i 


C uhic 
( u()os 

Dodv 1 1 litre d 
N ono 

^ y and ft non 
ft iron 

Strongly magnetic 
Soft 


1 # is dilTuuU to sav whether \ 2 im an nllotropn modification of iron, or whether it is 
lmj ) (Ik mil of Hu ti ansfunnation re tank'd b> tfio presence of a littk raibon 

The main ugumenfs against the assumption that then is no fmmation of an 
.ilInriopK p non at the \r^ arnsts are thus summarized by V Sauveui 

(ij ( Ht n dn ks, and H ( H ( arpemter said thut the Vc a point does not or cur with 
purlin d non but (* K Hinge hh and T ,T Crowo do not ugreo (n) 11 le (.hatcher, and 
< Ht in du kn In 1 l that tho A 2 arrest den's not repreae nt an ail o tropic change boeauae of the 
ab-veme« <f hyHteroms between tho \e 2 and Al 2 ancsts TIuh involves tho unjustified 
assumption that tho absence of this phenomenon proveH that no allntrope is formed 
(in) No e ry stallogiaphn cliange can In detected at f lie A a arrt«t Thus involves tho un 
justified assumption that no two nllotropes cun have tho same t i^stallopiaplm hum 
0 v ) 1 he iilwemo ot dilation as iron cools through the \r a arrest is supposed h\ t T ( liatpv 
and L t^rinet and b\ ( He nceJic ks to prove tlie absence of a ft illotrope 1 Ins assumes 
tliat allot rupee < hunge w must )>o are timpani? d by i hungi s in veil , and that the measure me nts 
so fai made nro decisive fins is b\ no means the ease indeed W Uox nhuin and 
f ( W Humfiev r< pr ii t il a dilution to o< c ur (\) V It hough a maiked chnino m the 
magnetic piojnrties oci uin at (be \ m arrest, H le limttlur l 1 Wei s K Jliuda ( Hcne 
die ks etc bold that tin \ 2 change ih not sufficiently ubiupt to ugue with an allot mpii 
tvaiiHionnatinn and that mngni tie transformations do not gmeialh indi ale hllotinpio 
change s It is aiguid that the Ae t uirest marks the end of a progressive tiimdninmti m f 
and that the Ar^ arrant mduatosthe beginning ol tin uyeist » Imnge On the othci hand, 
tho tieginning and end points ot u piogro&sivo transformation an not like l\ to be acrum 
pinned h\ an abrupt evolution or absorption of heat Whilst a magnetic transtoimat ion 
stalls tielow tho \ 2 airest, the inaiked beat evolution at this temp imlnnte*- a sharp 
bn ak in the conlinuitv of tho proi ess, and this suggests allotropv (\i' No disi ontiimitv 
in any of tho piopeitiON of iron baa been observed at the \i 2 must, and then tore tin 
transf oimation cannot bo an allotropie one J he ctiive of the ttieunoelec trie ion o ot non 
and Larbon does not exhibit any distinct break at the \ 2 arrest On the otJiei hand, 
tho existence of tlie Ar a airost indicates a •diaip discontinuity in the intern il encigv a 
discontinuity in tlie magnetic properties does ociui about this tcinj , W Koscnhaiu and 
*1 t W Humirev noted a disc out mu’ty in tlie dilation although otlieis have dimed this 
llio same observers noted a discontinuity in the tensile st length , 1* Weiss and c o woikois 
and K Wuat and co workers noted a discontinuity in the Np ht , nnd (1 k Huigess and 
I N kellborg, a discontinuity in the elect nr al resistant c 

V Bcnedickfl attempted to explain the existence of the A z arrest in impure iron, 
without recourse to allotrop\,by assuming that highly puufied iron will give no 
A 2 arrest (vide supra), that the A^-arrest indicates the end of the change, and 
that some y iron remains untransformed below Aij because the impurities enable 
a kind of undcr-cooling to occui This means that the alleged fi iron is m leality 
a met as table solid soln of<y iron in a-iron, and in consequence, unless the cooling 
be veiy slow, the Ai 2 - and the Ae 2 arrests might occur in puie iron without dis- 
A OL XII “ 3 E 
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proving the hypothesis A similar hypothesis was made by M. Copisarow ; F. Cune 
thought that some y-iron is present in jS iron H le Chatelier showed that there is 
no need for these hypotheses , and K Honda added that the phenomenon at the 
A 2 arrest is purely a therm omagnetic effect 

K Honda also tried to explain the nature of the progressive change in the 
A^-tra nsformation, as follows 

It is not a change of atomic configuration, as is the case with an allotropic change, 
but very probably a gradual change of energy in atoms accompanying the rise of temp 
According to the theory of K Honda and J Okubo the gradual diminution of magnetiza 
tion with iimo of temp is due to the increasing velocity of rotation of the atoms about their 
magnetic axes The angular velocity of this rotation is assumed to lie oomparatiyely 
small at room temp, anil the gvroblatu resistance to lfie turning of the magnetic axes 
of the atoms m the direction of the held is very small But os the temp is continuously 
in< reased to a very high degree, the angular velocity, by virtue of thermal impact among 
atoms, always becomes greater, and hence the gviOHtatic action of the atomt* rapidly 
increases, the substance becoming thereby less and less magnetizable, till magnetization 
vanishes Here it ih to lie assumed that when the held ceases to act, the direction of the 
magnetic axes takes a distribution uniform in all directions by virtue oi thermal impact 
Thus according to this theory, the A 2 transformation is oi the piogicssive nature and the 
change will obviously be a definite function of temp, as actually ohstived The heat 
absorbed during the Vc 2 transformation is the ©neigv required to i in reuse the angular 
velocity of the atoms, while the heat evolved during the Ar 8 transformation is Die em rgy 
of lotation liberated 1 Osmond latti gave up this hypothesis, toi lie said that p iron is 
hard and brittle at ordinary temp f while a iron in soft , and situ p the \ a arrest, and not 
the A-i arrest corresponds with the loss of magnetism, it follows that there are at least 
three distinct allotropic forms of non, namely a , 0 , and y ferrites with ranges respectively 
from 0 to 7t»0 , 7(i() c to 900° , and 900° to lfiO r >° 

G Tammann, G K Burgee and II Scott, H M Ilowe, V Osmond 
W Rosenhain and J V W Ilumfie} K Rucr, K UuerandK Bode, and A Sam out 
also fav oured that assumption that /3 ferntc is an allotropic form of iron J K St ead 
and H C 1 H ( arpenter said that tin phenomena attc nding the recast a llizat ion of 
electrodepositcd iron arc more readil) explained b} assuming that at the Ar> amst 
iron changes direttlv from the y to t lie a state According to V Benedic th, £ feirite 
is reall) a solid soln of y ferrite in a ferrite 1 so that as iron cools be} ond the \ 3 arrest 
y ferntc passes into a ferrite, but the change is not complete, a certain propoition 
of y feinte persists in solid soln in a ferrite until the A 2 arrest is reached when the 
change into a ferute is completed H 0 H Carpenter showed that the Appoint 
become lsess and less maiked as the degree of purity of the iron is mcieaRcd, until 
a sample with %7 per cent Fe and 0 008 per cent (\ showed the Appoint 
only famtl} A Muller, G K Burgess and J J Crowe, J O Arnold, and 
A. Sauvcur observed that the Ar 2 and Acupoints persist even with iron of an ex- 
ceptionally high degree of punt} J O Arnold found that the Arj point occurs 
within narrower limits of temp, and more sharply when h}drogcn and othei 
occluded gases arc absent. In no case, however, has it been possible to eliminate 
the Ar 3 - and Ar 2 points by heating iron of a high degree of purity in vacuo. He 
inferred that the Ar a temp is not connected with the Ar 2 -arrest , and that the Ar 3 - 
temp. represents the physical change of hot iron from the plastic to the ciystallmc 

state 

It is very clear that the A 2 arrest represents the temp of magnetic transforma- 
tion where ferromagnetic iron becomes paramagnetic This temp is often called 
Cunt 1 ft point Consequently, iron can l>e regarded as non-magnetic a iron, 
ordinary a iron being magnetic It is very well established that both paramagnetic 
and ferromagnetic a-iron have the same crystalline structure —a body centied, cubic 
space-lattice— whilst there is a break in the continuity of some physical properties 
as the metal passes through the A 2 -arrest. The fact that the A 2 transformation 
occurs not so much at a definite and sharply-defined temp as within a certain range 
of temp is of no significance when it is remembered that K Honda and S Miuia, 
and G K. Burgess and co-workers pioved that the same phenomenon is characteristic 
of the Ag-arrest — in de nickel-iron alloys. It has been suggested that since no 
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crystalline change occurs at the temp, of magnetic transformation the term 
allotropic change should not be employed. Thus, H. le Chatelier said : 

Le phinomlne tout -d-f ait different dm transformations allotropiqucs ordinaire s. .Je suis 
de plus en plus convaincu que la difference rntre lo fer n el le fer p n’est pas line riiftfrenno 
d’etat allotropique, comme outre le for y et lea variates stables k froid. Touh les corps 
magnet iques, sans aucune exception, present ent, & une certaine temperature, le lnrine 
chute progressive des propri6t6s magnritiquns. C’est un phenomena caractertHtiquo dos 
corps vnagndtiques et seulement de ceux-la. 

P. Weiss, from magnetic considerations, thought that the a- and /9-statcs are uot 
different phases ; K. Honda and Y. Okura obtained a pronounced break in the 
resistance-temperature curve, but even then did not consider the A 2 -arrest. to be the 
scat of an allotropic transformation ; and a similar conclusion was drawn by 
\j, Orenet, (\ A. Edwards, L. Guillct and A. M. Porlcvin, K. Honda and eo workers, 
It. A Hadfield, F Wiist and co-workers, T. Isliiwara, F. Wever, Jl. le Chatelier, 
P. Weiss, A E. Oxley, E. Maurer, H. C. H. Carpenter, and C. Benedicks. 

The attempt is made to evade the definition which commonly applies the word 
allot lopy to the various states of an element or compound possessing different 
physical properties. It is objected that the term “ different physical properties ” 
i> vague , and that is certainly the case if it implies the right to include one or more 
physical properties so as to make any given phase an allotrope of the same element 
or compound. Consequently, to ignore isomorphism, and use the term poly- 
morphism in place of allotropy, does not answer the real question behind the words : 
“ Is j8-iron an allotropic modification of iron 7 '* or “Does the A 2 -arrest indicate 
that the iron is undergoing an allotropic change 7 " We are quite at liberty to make 
any definition we please, so as to be able to affirm or deny that jfj-iron is an allotropic 
form of iron. The subject was discussed by M. Cupisarow, K. Honda, C. Benedicks, 
C. H. Dench, A. E. Oxley, F. C. Thompson, A Sauveur, etc. We are in quite a 
similar predicament in ansv ering the question : Arc solutions chemical compounds i 
(1 2, 9 ; and 1. 9, i>). Indeed we are frequently perplexed with a similar type of 
question. F. Wever and I\ Giani said a change of phase can be characterized by 
a discontinuous change in suitable physical properties, but not necessarity by nil 
physical propeities of the substance involved. A polymorphic change or trans- 
formation applies only to crystalline substances and is chaiacterized bv a dis- 
continuous change in the spaee-lattiee which can now lx* realized without difficulty. 
A change in crystalline form is usually accompanied by changes in physical pro- 
perties so that a polymorphic change is always a change of phase. O. C. Ralston 
inquired: Is a change of phase always a polymorphic change 7 and added that 
j8-iron, or non-magnetic a-iron, has enough difference in physical properties and 
internal energy to deserve recognition even though there is no satisfactory word or 
definition to express the difference. In any case, /j-iron or ferrite can he understood 
to mean that particular phase of itoju which exists between the Ao- and A 3 -arrests. 

F. G. Tait inferred that iron becomes us it were a differeut metal on being raised above 
a certain temp., and he said that this'may possibly have some connection with the/emnum 
and ferroevm of the chemists. J. N. von Fuchs said there arc two species of iron, and lie 
suggested that malleable iron consists of cubic crystals, and cast iron of ihnmbohodial 
crystals. He thus foreshadowed the assumption that iron exists in allotiopic lomis, 
although Ins reasons for assuming these varieties were ut teily madequnt e. A Hnudrinioiit *k 
Observations sur la constitution intiine du far were to the same effort as those oi J. N. \on 
Fuchs. Now for the world of speculation. V. Weiss suggested that the molecules of 
5-femte are monatomic ; those of y-ferrite, diatomic ; and those of 0-forrite, tnntomic. 
K. Honda and H. Takagi, however, do not agree. A. E. Oxley referred the differences in 
the allotropic forms ot iron to differences in the grouping ot the atoms , M. Copies row, to 
differences in the number of atoms in the molecule ; and I). Jones, to changes in the atoms 
of iron. 
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Widnsfande* reinem Risen* mit der Timperatur in dem Bernchc 0° bis 1000° C., Greisswald, 1911 ; 
It. h. W'llls, Rev. Met., 10. 146, 1913; Mitt. Internal. Verband. MaterialprUf. Teth., 2. ix, 4, 
1913 ; Phil. Mag., (5), 50. i, 1900 ; J. A. Harker, ib., (0), 10. 430, 1905 ; E. B. Harrison, i b., 
(6), 3. 177, 1902 ; K. ltenger, Jhe anfanghch Suszephbilildi von Risen und Magnetil in Abhongig- 
keit ion der Temperulur, Zurich, 1913 ; H. Hilpert, Zeit. Elekfrochem., 16. 390, 1910 ; G. Rumelm 
and K. Maire, Mitt. Eisenhtilt. Inst. Aachen, 7. 56, 1916; Ferrum, 12. 141, 1915; G. Eger, 
Internal. Znt. Metallog., 9. 15, 1918 ; 1). Kwen, ib., 6. 1, 1914 ; H. Hanemann, ib., 3. 170, 1012 ; 

0, Boudouard, Bull. Bor, Enc. Eat. Ind., 102. 447, 1903 ; Compt, Rend., 137. 1064, 1902 ; Journ. 
Iron SteO Inst., 63. i, 299, 1903 ; E. H. Santo, ib., 58. i, 200, 1898; Internal. Zeit. Metallog., 

I. 251, 1898 ; V. Fonrnel, Met., 3. 802, 1006 ; Rev. MU., 3. 411, 19041 ; Compt. Rend., 143. 46, 
285, 1906 ; J. K. Storey, Machiwry , 10. 136, 1910; O. Wr. Slorev, Trans. Amer. Electrochcm. 
Soc., 25. 489, 1914; A. B. Tlagdasaiian, ib., 51. 482, 1927 ; A. Kroll, Journ. Iron Steel Inst , 

81. i, 304, 1910; A. Holt, Joum, Hot. Chem. Ind., 34. 693, 1915; E. Cohen and G. de Bruin, 
Pus\ Akad. Avisleulam, 17. 926. 1915; A. I. Brodsky, Journ. Russ. Met. Soc., 7 t 1926; 

U. (\ (Jale, Journ. Si lent. Instr ., 7. 165, 1930 ; O. L. Roberts and W. P. Davey, Metals Alloys. 

1. 648, 1930 ; H. Keott, Cwnm. InUrnat. Assoc. Testing Materials, 1 339, 1930 ; Y. ('hu-Phay r 
Tins*. Faraday Soc., 27. 777, 7fH), J931 ; F. H. Jeffery, ib., 27. 751, 1931 ; 28. 98, 1932; 

V. Dehlingcr, Zeit. Physik, 88. 535, 1931 ; A. Schulze, Zeit. Ver. deut. Ing 70. 108, 1932; 
W\ Gilbert, Ih magnett , London, 1600 ; I). K. Moms, Phil. Mag., (5), 44. 213, 1897 ; W. Winkler, 
/Hssnialion, Aachen, 1924 ; G. Tammann, Zeit. anorg. Chem., 87. 448, 1903. 
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§ 13. The Microstroctore of Iron and Steel 

Numerous examples of the microstructure of iron and steel are indicated 
below. The history of the subject of metallography , the study of Ihe minute 
structure of metals, commenced seriously after the work of H. 0. Sorby 1 on the 
microstructure of steel. His idea was that a close analogy obtains between the 
constitution of steel and of a crystalline igneous rock : “ Steel,” said he, 

“ must be regarded as an artificial crystalline rock, and to get a complete 
knowledge of it, it must be regarded as Mich.” The general subject has been 
discussed by V H. Dench, L. Guillet, and others. Many papers and books have 
also been written on the preparation of specimens for microscopic examination. 
For example : 

IT. Behrens, Daa mikroakopiachr Gefuge (hr Afctulh und Legierungen , Hamburg, 1891 ; 
A. H. Hioras, Metallography , London, 1902 ; I 7 le Verrier, Ann. f'ons( rvatoire Arts AUtur *, 
(2), 9. 121, 1896 ; J. T. Milton, Trans. Inst. Marine Eng , 14. 101, 1902 ; E. Hoyn, Verb. 
Vet. Biford. G( utrbeflnsBta, 83. 355, 1904 ; H. Wedding. ib., 65. 203, 1886 ; K K. B Wild, 
/Vo/. Taper* Hog. Eng., SO. 207, 1904 ; O. Boudouaid, Bull. Soc . ('him., (3), 1, 1906 ; 
H. liner, AJ et allograph ie m (If men tare r Darstelluny , Hamburg, 1907 ; 1*. Uoerens, 
Emjuhrung in the Metaling rapine , Halle a. S , 1922; Jiondon, 1908, W. Guertler, Aletallo • 
graphxe , Berlin, 1909; MetaHurgu , Berlin, 1923; C. H. Death, Metallography , London, 
1910; L. llevillon, La mHaUographe ?mcroacopique, Paris, 1910; V. Robin, Traiti de 
in&taUographu , Pans, 1912; W. T. Hall and K. S. Williams. The ('hemicat and Metallo - 
graphic Examination of Iron , Stt 1 1, and Brass, New York, 1921 ; W. Fraenkel, Leitfadn i 
(Ur AhtaUurgn nnt tusonderer Benuk mchtiqung der physikahsch-chemisehen Grundlaqen, 
Dresden, 1922 ; L. Giullct, Lea mithodea d'Hudea (hi alhages mftalhquea, Pans. 1922 ; 
L. Guillet aiul A. M. Portevin. Prhia de metaUogtaphu microscopique et de macrographs, 
Pans, 1923 , F. L. Garrison, The Microscopic Structure of Iron and Steel, London, 18K6; 
V OBinond, Sur la crtstallographie du fer, Paris, 1900; London, 1904; Ann. Mines, (9), 
17. 110, 1900; Ordnance Bur. U.S. War Dept., 68, 1893 ; Microscopic Aletallurgy, London, 
1893; S. A Houghton, Tian*. Inst. Marine Eng., 14. 101, 1902; H. von Jupter, IVr. 
Verbrnt. Natunc. Kenntnisse , 46. 113, 1904; H Savoia, Metallografia applvata ai prodoUi 
sidirurgin, Milano, 1909; London, 1910; O, KrOhnke, Kurze Einfuhrunq in dtn inner n 
Grfugeaufban dir Eisenkohlenatofflegierungen, Berlin, 1911 ; A. MartenH, iStahl Eisen, 12. 
672, 1892; 15. 954, 1895; Mitt, tech Verauchanst., 11,347, 1894; Verh Vcr Eisenhahn- 
kunde, 67, 1892 ; A. Hauveur, The AletaUography and Ilcrtt Treatment of It on and Steel, 
Cambridge, Mass., 1926 ; H. M. Howe, The Metallography of Steel and Cast Iron, New 
York, 1916. 

In developing the structure of a heterogeneous solid for microscopic examination, 
the differences in the constituents can be emphasized by taking advantage of the 
fact that some are harder than others, so that when the surface is polished, the 
softer constituents are worn away to a greater depth, and the harder constituents 
appear in relief when the polished surface is viewed by oblique illumination. The 
polishing may be varied by using a suitable liquid which acts preferentially on 
some constituents more than others. The process is referred to as the polish-attack 
or polish etching. F. Osmond rubbed the surface on a piece of stretched parchment 
Boaked in an aq. extract of liquorice and calcium sulphate ; and later, F. Osmond 
and G. Cartaud used a 2 per cent. aq. soln. of ammonium nitrate. If the surface 
be heated in a suitable atmosphere— say air- the rate of oxidation of the different 
constituents varies, so that films of different thicknesses and colorations are pro- 
duced. These exhibit characteristic effects under the microscope. This method 
of developing the structure is called heat tinting, or heat relief. It was employed 
by F. Osmond, W. C. Roberts-Austen, C. Benedicks, N. Gutowsky, P. Breuil, 
P. Oberhoffer and co-workers, F. Sauerwald and co-workers, P. Goerens and co- 
workers, J. E. Stead, G. Tammann and G. Siebel, F. Robin, J. Czochralsky, F. Reiser, 
L. Lowcnherz, T. Turner, and H. Haedicke. 

Chemical methods of etching are more frequently employed. Here the 
different constituents are attacked by suitable reagents at different rates — vide 
Table X. 
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Table X. — The Ktchinci ok the Constituents of Iron-Carbon Alloys 


Constituent 

Polish attack 

Iodine 

j Nitric add 

J lemur kH 

Ferrite 

Granular 

i 

Colourless 

Polygonal 

structure 

Softer than other con- 
stituents ; coloured by 
nitric acid, while co- 
montit o in not 

Ccmentite . 

Nil 

i 

White 

i 

No action in 
40 hoc. with 
20 j>er cent, 
ac id 

Murder than uthei con- 
stituents; not coloured 
by nitric acid, while 

1 ferrite is. 

Martensite . 

Intersecting 
needles appear 

1 : 

Coloured 

sloulv 

i 

Yellowish 

Unlike peaihte, has 

straight intersecting 

fibres 

Peaihte 

Curved 

lamellie 

Drtik 

Dark 

Unlike inartetisih , fibres 
me i urvod and never 
intersecting 

Troowtile 

Yellow biown 
to blue bunds 

( (ilotiml 
faster Ilian 
martensite 

J)ark yellow 

Ac i oinpaiues limit* nsitt*. 
nnrt is coloured more 
slowl> than sorbite 

Sorbite 

Coloured ] 

1 

Coloured 
fnslei then 
troostde 

DniU 

1 

Accompanies pcuihlo. and 
is cnloiiied ionic quu kl\ 
than t roost ite 

Austenite . 

Nil , 

1 

Coloiucd i 

Lighter 
vcllow 1 iia.il 
martensite 

Martensite goer* vt How, 
hi own. and him k when 
t renli d by tleitrn 

i hemn uJ attack. 


The rate of attack was studied by L Loskiewuv. In 1772, J J. Perrrl pioposetl 
tewting Damascus stool by etching , in 1781, T. Bergman distinguished iron from 
steel by etching 'with sulphuric acid , in 1850, K (’lark used etching to distinguish 
between hand and machine riveting ; in 1872, M. van lluth tested the character 
of iron by etching; m 1873, ¥ Kick used etching to show the Mrucruio of welded 
iron ; in 1878, A. R. von Kcrpely studied the structure of mm and steel by the 
etching process ; and later A. Ledebur. 0. F. Hudson, S Stein, 11 Wedding, and 

A. Martens discussed the subject. J.. von Tetrnajer, W. C. Roberts Austen, and 
(). Wawrzmiok emphasized the importance of etching tests for rail-steel General 
observations were made by \V. Campbell, H. S. Kawdon. K, (\ (hoesbeck, 
W. Guertler, W. Ast, C. Fremont, etc. Many reagents have been reconmiended lor 
special alloys. 

Hydrochloric add" II. le ('batcher, F. Osmond, F. Osmond and J. E. Stead, N. M. von 
Wittoit, W. Ast, C. Fremont, C. K, Comstock, F. 1*. (iilligan and J. .1. Curran. A. Frj, 

B. Strauss and A. Fry, E. Hoyn, O. KufT and W. Martin, A. Jung, and J*. GucreriK and 
K. Kllingen. F. Osmond recommended a 10 per cent aq. HoJn. of h> diochlnnc acid. 

E. Ileyn and A. Martens employed a soln. of I c.e. of h\ drochlorie acid of sp. gi. 1-10 in 
1120 c.c, of alisolute alcohol. H. le Chutelicr used a soln. of hydrochloric acid in glycerol ; 
und F. W. Kpiller rocommonded a gram of nitric acid of wp. gr. J-42 m 9-9 grins, of glycerol. 
A. Haykoft exposed the hot steel to the action of hjdrogen chloride gas. Sulphuric aold- 
N M. vonWittorf, W. Ast, and U. Fremont, F. W. Howe used a hot, chi. mixture nt 
sulphuric and hydrochloric acids J. E. Stead recommended 20 per cent, Milphuiie acid 
followed by a cleaning with nitric acid. Sulphurous add 8. Hilpcrt and K. Colvor- 
Glaucrt employed a 3 to 4 per cent. sat. aq. oi alcoholic soln. of sulphurous and. Nitric 
add — H. Boll, F. Osmond and O. Cartaud, F. Kinne, N. Parravano, W. C. Roberts- Austen. 

F. Osmond, ,7. K. Stead, II. (\ Sorby, W . Ant, .1. 1*. Gill and L. I). Bowman, 0. hrtfinunt, 
A. Sauveur, J. O. Arnold, N. M. von Wittorf, W. Campbell, E. Maurer, O. Butt and 
W. Martin, O. Merger and eo- workers, and P. Goerons and K. Elhngen. A. Martens UHed a 
soln. of 1 c.e. of nitric acid of sp. gr. 114 m 100 c.c. of absolute alcohol. H. lc Chatelier 
used a soln ni nitrir acid in glycerol. W. J. Kurbatoff rocommended a soln. of 20 per cent. 
nitiK ac id in 4 parts of urnyl alcohol, and this was used with good results by I’. Goerens and 
II. VLe\ei. \\ . .1. Kurbat off’s reagent A was a 1 per cent. soln. of nitric acid in a mixture 
of metbj 1, el hyl and niouniyl alcohols with some acetic anhydride. A mixture of nitric and 
hvdrocliluric acids— aqua regia- -was employed by F. Osmond and W. C. Roberts- Austen, 



IRON 


793 


and C. Fremont. C. Benedicks and 1\ ttoderholm used an alcoholic bo In. of 0*1 per cent, 
nitric acid. N. B. Pilling used a Roln. of nitric acid and methyl alcohol m nitrobenzene 
for etching carbide** in silicon steels. J. It. V della used a soln. of aqua regia in glycerol for 
chromium -iron alloys. Hydrofluoric add - L. Baraduc -Muller used a mixture of one part 
of hydrofluoric acid and two parts of alcohol for silicon alloys , and it was al^o employed 
by F. Dorinckel, and H. Je ('Im teller, Iodine solution say 10 grmH of iodine, 20 grins, of 
potassium iodide, and 100 c.e. ol water- was used by K. Friedrich, W. (\ Bobcrls- Austen, 
P. OberhnfTer, K. Heyn, V. N. Svetchnikoff, F. Osmond, H. 0. Boynton, <\ Benedicks, 
L. von Tetinajer, W. Ast, and (\ Fremont. K. Friedrich also recommended a solution 
of bromine and potassium iodide for dealing with iron and sulphur alloys. O. Buff and 
W. Martin used a suln. of 1 o e. of bromine in 1 c c. of 8 pel cent hydrochloric arid. 
H. If. Pulsitor used chloric acid 

0/tfionltrophenol — four parts in a sat. soln. was mixed with one part of a 4 per 
rent soln of nit nc acid as W . J. Kuibal off’s reagent 1). All alcoholic soln. w'aa 
employed by N T. Belaiew, K Maurer, nnd J. Guillcmin. M eta nltrobenzenesulphonlc 
add m 1 to 6 per cent alcoholic soln. woh employed by C. Beneduks. Picric aoid Mas 
mtrodiifcd ns W\ I 1 . Isrhewsky'H reagent in 11102, and it is in common use m about 5 per 
fent. alcoholic soln. The reagent whs used by N. Roar, F Osmond and (J. Cartaud, 
M Levin and 0 Tam maim, ,S Ililperl, >] Pnmivano, E Isaac and CS Tainmann, H. le 
(‘hatcher, II le (Mmtehci nnd A Ziegler, V Kohm, J Kimer, W. ( ‘ampin'll, K. Maurer, 
(J Hold, N M. \on Wittorf, L Guillet, F. Rohm and 1* Oartner, J. P. Gill and L D. Bow- 
man, I*. I mere ns and K Elhngen, and J E Stead A soln. in acetone was employed by 
J\ Osmond and (!. Oartaud foi iinn-nickcl mctconteM. H. le Chatelier employed a soln of 
picnc acid in glycerol. A boln. oi sodium plcrate was recommended for coinentite by H. le 
< 'hatcher, M Matweicff, W J. Kuibutnff, and A. Sauvour and V. N. Krivobok used a hot, 
3 por cent soln. of sodium picrate in an excess of soda-lye. An alcoholic soln. of salicylic 
acid was recommended forpearhte by V. N S\Cchmkoff. 

Alkali hydroxide was employed by U. Baydt and G. Tainmann, and H le Chatelier, 
wlio also recommended a boiling soln of alkali hydroxide with a small proportion of an 
oxidizing agent— mtiate, indnte, plum bate, or picrate II. lo Chatelier employed an aq. 
soln of potassium liydrot art rate ; oi a mixture of equal parts of a 50 per cent aq. soln. 
of sodium i aibumt to and a 10 per rent nq. soln of lead nitrate. Hydrogen dioxide in 
iiinnioniar nl soln was recommended ljy K. Siibmcn, and .1. P. Gill and L. D. Bowman. 
M 'N alsoMtch used 10 c c oi commercial hydrogen dioxide, and 20 c c. of a 10 percent, 
soln ot sodium hydroxide lor high speed tool steels. Ammonium persulphate war* recom- 
manded by J. Czo< hralsky, und H. 8. Kawdon. G. Tammann and co workers used a 
10 pei cent, soln oi the salt F, C. Thompson and E Whitehead found that a soln. of 
ammonium molybdate will daiken coinentite 

Ammonium nitrate soln. was used by C. Dencdn ks and F. Osmond — vtdi tupra Calcium 
chloride- - E. H. Sanitor rec onunended immersion in molten calcium chloride. An alcoholic 
soln ot potassium ferrlcyanlde mixed With mine acid was rec uninenried lv\ G. Gallo, 
T F. Bussell, T Muiakanu and K. Komc*ya, F. C. Thompson and E. Whitehead, 

0 E. McQuigg, and I* Ol>ei hotter und co-workers. For chromium and tungsten steels, 
K Domes used a soln oi pota^nun feme ^ amde. 20 grim*. ; sodium hydioxirle, 10 grins. , 
water, J00 grrns. 1’ Murakami recommended a soln of 10 gnns. jHJtassium ierncy amde, 
10 grins of potassium hydroxide, and 100 c c of water tor the identilieation of the complex 
carbides of iron and chromium. Mercuric chloride soln., five grains m 100 c c of water, 
was used by C. Ernnout. Copper sulphate soln was used by V. Baydt and G. Tainmann, 
G. Tammann and W. Ticitschko, A. \on Vegesack, W. Guertler, JSi. M. \on Wittorf, and 
M Chikushige und T. lhki. Ammonium cuprous Chloride m 8 per cent, soln was used by 
F. Osmund ami G. Cartaud, E. Isaac and G. Tammann, and E Heyn. Ammonium cupric 
chloride- say 10 per cent soln --was used by E. Isaac and G. Tainmann, A M. Portevin, 

E. Heyn and O. Bauer, O. Bauer and E i)eiss, E. Heyn and A. Martens, G. Breuss, 

F. Osmond, F. Osmond and J. E. Stood, J. C\ W. Htimtrey, A. von Dormus, G Haufe, 
W. AMt, and C. Fremont Cupric chloride- a soln. of cupric chloride api»euis in many 
forms. J. E. Stead used Cul’L, 10 grms ; MgCl a , 40 grms. ; hydrochloric at id, 10 o.c. ; 
water, 20 c.e . ; and alcohol to 1000 c.e The soln. was used by G. F. Comstock, 
A. Hultgren, and H. le Chatelier and B. Bogilch. II. le Chatelier and J. Lemoine used a 
similar soln , but with hydrochloric acid, 20 c.c , and water, 180 c.c. 1*. Oborhofter used 
Cut'll, 1 0 grin. , Fe01 a< 20 grmH. ; SnCl t , 0*5 grrn. ; hydrochloric acid, 50 c.c ; water, 
500 c.c. - ethyl alcohol, 600 v c. J. H. S. Dickenson recommended CuCl a , 3 grms. ; FeCl a , 
40 grms, ; hydrochloric acid, 40 pc. ; and water, 500 c.c. W. llosenliain and J . L. Haughton 
recommended CuCl„ 10 grms. ; FeCl a , 30 gnnH. ; SnCl|, 0 5 grin. ; hydrochloric acid, 
100 c c. ; water, 1000 c.c. H. lo Cliateher and E. L. Dupuy recommended CuCl a . 1 grm. ; 
picric acid, 0-5 grm. ; ethyl alcohol, 100 c.c. ; water, 10 c.c. ; and cone, hydrochloric acid, 

1 3 to 2*5 c.c, ; A. Fry, crystalline copper chloride, 5 gnns. ; cone, hydrochloric acid, 
40 o.c. ; water, 30 c.c. ; and ethyl alcohol, 25 c.c. ; and B. Bailing, 5 grms. CuCl a , and 
100 c.c. each of hydrochloric acid, alcohol and water. J. H. Wlnteley used a soln. of 
0*04 grm. of cupric oxide in 0 c.c. of cone, nitric acid made up to 200 c c. with methylated 
spirit for etching iron-phosphorus alloys. II. Hengstenberg and F. Bomefeld used for 
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nitrogenized steels a sola, of a gram of mercurous chloride in 20 c.c. of cone, hydrochloric 
acid, and 80 c.c. of alcohol followed by a soln. of 10 grms. of magnesium chloride and a 
gram of cupric chloride in 40 c.c. of cone, hydrochloric acid and 100 c.c. of alcohol. 
F. C\ Thompson and E. Whitehead found a soln. of potassium copper cyanide of assistance 
in discriminating different forms of cemcntite Silver nitrate — M. Kimkele dissolved 
6 grms. of gelatin in 20 c.c. of water, then added 20 c.c. of glycerol, and 2 c.o. of sulphuric 
acid, and Anally 0*8 grm. of silver nitrate dissolved in water. The liquid was used for 
sulphur inclusions. Chromle acid- -(j. d’Huart used a soln. of 40 grms. chromic acid ; 
10 grms. NiCl, ; distilled water, 100 c.c.; and cone, hydrochloric acid, 100 c.o. for mild 
steels, cast irons, and copper alloys. The soln. does not keep. Ferric chloride in acid— 
Bay 10 per cent, soln.— was recommended by H. le Chatelier, W. ABt, C. Ftemont, N. Parra- 
vano, and A. M. Portovin : L. Baradur-Muller used a Boln. of 100 c.c. nitric acid, 150 c.e. 
hydrochloric acid, and 500 c.c. of a soln. of ferric rhlonde. A. Hultgren used 100 grms. 
FeCl a ; 5 e.r. of cone, hydrochloric acid, and 250 c.c. each of water and alcohol ; and 
1*. Oberhoffer, and K. Harneker and E. llassow used distilled water, 500 c.c . ; ethyl alcohol, 
600 c c. ; stannous chloride, 0*5 gnu. ; cupric chloride, 1-0 grm, ; ferric chloride, 30 grms. ; 
and cone, hydrochloric acid, 50 c.c. Molten zinc — »T. L. Jones recommended immersing 
the specimen in molten zinc and afterwards removing the zinc or dross mechanically, or 
by dil. sulphuric acid. 

The etching may be done electrical!}'- electrolytic etching- by making the 
specimen the anode with a feeble current : the cathode in a strip of platinum or a 
platinum rlish ; and E. Heyn and A. Martens used 1 c.c. of hydrochloric acid in 
500 c.c. of water as electrolyte. The subject waR discussed by A. H. Sirks, and 
V, Yelguth, W. Rosenhain and J. L. Haughton developed a deposition method in 
which 4 he specimen is placed in a soln. of 30 grms. ferric chloride ; 100 c c. of cone, 
hydrochloric acid ; one gram of cupric chloride ; 0-5 grin, of stannous chloride ; 
and a litre of water. The thickness and coloration of the copper films produced 
vary with the different constituents. 
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§ 14. The Equilibrium Diagram of the Iron-Carbon System 


W C Roberts- Austen 1 showed that m addition to the Ar a - and Ar 2 arrents 
with purified iron, two evolutions of heat occur at 487° and at 261° These two 
points were observed with iron which had been heated in vacuo at 1300° for thiee 
successive periods After repeated ticatment however, the two points become so 
feeble that they cannot he identihed with certainty Hence it is inferred that the) 
are connected with the piesence of hydrogen in iron It was also observed that the 
presence of hydrogen increased the magnitude of the Ar t and Ai 4 anests The 
Appoint at 1401° was found b) R Ruer and R Klesper to be giaduallv lowered 
by ailicon until it attained 133 r > with 1 2 per cent the addition of up to 0 29 pc i 
cent of carbon raised it to 1482 , likewise with up to 22 per cent of cobalt it was 
raised to 1492 , and with 1 1 per cent of c opper, to 1477 II W Gillett disuiw d 
the action of oxygen and nitrogen on the iron-carbon systi m , and F 1 annul i tin 
effect of chemical composition on the hquiduw curve of cast iron 

farbon icadily dissolves in y ferrite it is slight!) Noluble in jSfcrntc uul 
almost in oluble in afemte F Osmond .showed that if iron contains e\<n a 


small proportion of carbon, an entirely new critical point occurs at approximate lj 
690 c or 710 on the c oohng curve This is called the Aij arrest It is infern d that 
the carbon is held in solid soln by the iron at a temp above the Ar t arrest but il 
that temp the carbon separates from solid soln in the form of iron tritacarbid* 
Fe 4 C the so called umenUU and the arrest is sometimes called the temp of tin 


carbide trantfonnahon F Osmond also observed that 
S000*i — — — r7T J n *be proportion of carbon increases the Ar i arrest is l ajiitllv 

h f lowered and joins up with the Appoint at a Fig ^2 

MO* A— \—t the double Ar, 3 point then descends and final 1) coincide 

1/ with Appoint, at E t when the proportion of carbon 

MO has attained 0 b to 0 9 per cent Nuch steels have mu 

'T \jf ' I arrest, Arj, and it is sometimes called the Ar, ^ i point 

f “2F The fact may be expressed other ways Carbon rctaids 

£00* ZZIZZZlZIIZ'IZ the transformation of hard y iron into soft a iron, and 

0 / 2 3 %C therefore increases the stabilit) of hardy iron The abiupt 

Fl0 Ihe Influence (0< ^ in K 01 <F ltn <bing of the non ( arbon allov may result in 
oi Carbon on the Cnti bard y iron persisting at ordman tf mp when tlu Iran 
cal Points of Iron formation of y to a-iron is indefinite 1) slow Alloving tlu 


iron with sav, manganese, nickel chromium tungsten, etc 
considerably lowers the temp of the Ar, arnst, so that the hardy iron may peisist 
when the iron is tooled in air down to ordinar) temp --vide \njra i air hardening 
or self hardening steels, and high speed or rapid cutting steels F Osmond found 
that the effect of foreign elements on the critical temp when ranged in the order 
of their at vols is as follows (\ 3 6, B, 4 1 , Ni, 6 7 , Mn, 6 9 , and 0u, 7 1 


These elements with a smaller at vol than that of iron, viz 7 2, delay the /&-*«■ 
change as well as that of hardening carbon into carbide carbon On the other 
hand, elements with a larger at vol than that of iron — viz Ci, 7 7 , W, 9 6 , bi» 


11 ’2 , As, 13 2 , P, 13 f> , and S, 1 r j 7 either raise or else maintain the change 
normal, and usually hasten the change of hardening carbon to carbide carbon 
The subject was discussed by A Sauveur, H. le Ohatelier, K. W Zimmerschud, 
A. Stansfield H M Howi and co workers, and (I K Burgess and co workers 


The work of K Honda, K Honda and H Takagi, I 1 1 taka, and T lshiwara showed 
that the A a point falls slightly at tint with increasing proportions of carbon It is 
inferred that the A, point does not represent a change of phase, and that p iron does nol 
exist The line E& represents the solubility of cementite, Fe # C f in the solid soln 
austenite The portion of the A ^abd line lot the A a arrest represented by bd correspond 
with austenite of concentration 6, which changes from a weakly magnetic to a paramagnetn 
substance , m the portion a b the concentration of the austenite changes from a to b, but no 
variation of the A a arrest occurs , hence, steels with a concentration between A t and « 
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consist of a mixture of ferrite and austenite of concentration a. It is therefore inferred 
that the A,a-line consists of two horizontal lines about 20° apart. As pure ferrite is 
approached , its quantity increases at the expense of the austenite ; on the other hand, as 
the austenite is approached, tho quantity of austenite increases while that of ferrite 
decreases. 

According to A. Grabe, and 0. Benedicks, the Aj -critical point was first noted in 
Sweden by A. F. Angerstein, in 1777, in a paper afterwards discussed by S. Rinman. 
A. F. Angerstein said that when steel is heated, there is “ a kind of twinkling, or, 
so to speak, a fluttering, flitting like a fog or vague shadow on the glowing steel n ; 
and this is taken to mean that on heating a piece of steel a slight cooling sets in at 
a definite temp , which was considered to indicate the right moment for quenching 
to produce the beat hardening effect, and the finest gram. It was not until nearly 
a century later that D. K Tschernoff noticed the connection between the critical 
point and the hardening of steel. This was followed by the work of F, Osmond just 
indicated. 

Observations on the allotropic forms of iron have been largely concerned with 
iron associated with small proportions of other elements which inhibit or retard 
their transformation during cooling into the form or forms normally stable at 
ordinary temp. Most observations have been made with iron associated with 
carbon ; and the forms stable at higher temp have been cooled or quenched before 
the metal has had time to pass into a state of equilibrium. At the lower temp, the 
speed of transformation into the state of equilibrium is often indefinitely slow. In 
some cases the presence of another element may reduce the transition temp, so 
that a state which is stable, in its absence, only at a high temp., is stable at a low 
temp, when it is present For the doubling and tripling of the Ar 1 -arrest, vide 
infra. A. Hultgren, G. W. Sargent, ]\ (Joerens and H. Mever, O. Goldberg, 
J. 0. Arnold, J. E. Storey, A. Sauveur, and .1. II. Andrew and II. A Dickie studied 
the Ay and the other transformations. 

The work on the iron rarbides — 6. 39, 20- -shows that in all probability molten 
carburized iron is a soln. of carbon or of iron tntacarbide in iron. The solidified 
mass is a solid soln. or a mixture of solid soln. with or without iron, i.c. ferrite ; 
and iron tritacarbide, i.e. cementite. In 1806 J. L. Froust in his paper Fontc de 
fer regarded carburized iron or steel as a solidified soln. of carburetted cast iron in 
an excess of iron : and he added that this is but one example of a multitude of cases 
of solution of a compound by one or other of its elements, or even by other com- 
pounds. In 1863 A. Matthiesscn suggested that the metal alloys can be regarded 
as solutions of metals or metal compounds in one another. The application of the 
laws of dil. soln. to the molten carburized iron was made by B. Pawlewsky, W. Camp- 
bell, J. A. Mathews, A. Stansfield, E. Heyn, E. 1). Campbell, T. T. Read, 
J. H. Stansbie, G. Quincke, A, M. Portevin, 0. A. Edwards, E. Nusbaumcr, 
F. Rosendahl, G. J. Snelus, J. Parry, and H. von Jiiptner ; and the phase rule, by 
H. W. B. Roozeboorn, H. le Chatelier, 0. E. Harder and F. Gonzalez, T. K. Rose, 
E. L. Dupuy, Z. Jeffries, Z. Jeffries and R. S. Archer, F. Osmond, N. T. Belaiew, 
L, Grenet, C. A, Edwards, C. Benedicks, E. Frasenster, W. Broniewsky, W. Rosen- 
hain, A. Linder, F. T. Sisco, and F. J. Brislee. N. H. Aall studied the diagrams 
for the binary and ternary systems ; and T. F. Russell, P. Oberhoffer and co-workers, 
R. Vogel, K. Fishbeck, P. Gocrens, and A. von Vegesack, the use of triangular 
and space diagrams for representing the equilibrium conditions of ternary iron- 
carbon alloys. F. Wever, Y. Ohu-Pbay, and F. H. Jeffery discussed the thermo- 
dynamics of the transformations. 

In 1679 R. Mannesmann represented some relations between carbon and iron 
by means of a diagram ; and a few years later W. C. Roberts-Austen depicted the 
thermal transformations of the iron-carbon system in one diagram. This was 
improved by H. W. B. Roozeboorn, and made to include data obtainedby F. Osmond. 
Even then the relations were admittedly tentative. The diagram is illustrated 
by Fig. 83 and the dots represent the thermal data obtained by H 0. H. Carpenter 
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and B. F. E. Keeling. The observed results represented by dots in Fig. 83 confirm 
H. W. B. Roozeboom’s diagram ; but AC is slightly convex upwards ; EC rises 
slightly from E to C ] SE can be represented as well by a straight lino as by a 

curve ; and PK rises in passing from P to K. 
In addition, (i) a small thermal change 
occurred at about 790“ for alloys with 0-8 to 
4-5 per cent, carbon ; (ii) a slow thermal 
change occurred at about 6t>0 o with all the 
alloyH ; and (iii) evolutions of heat at about 
900“ occurred in two of the alloys. The 
liquidus curve, A(\ Fig. 83, shows how the 
f p. is influenced by the amount of carbon 
present, there being a continuous drop from 
♦ the m p of iron, 150fT, to 1130“, the euteetn 
temp, for a mixture with about 4*3 per cent, 
carbon. The solidus line An represents temp 
flsr cent, carbon below which the whole mass is solid 

Kio. 83- Equilibrium Diagram of the N - Gutowsky found that the solidus line An 
Iron-Carbon Alloys. for mixtures with less than 2 per cent, cat bon 

is convex downwards as indicated in Fig. 83 . 
and (1 Asahara obtained for the solidus a position intermediate between the 
curves of N. Gutowaky, and II t\ H. Carpenter and B. F. E. Keeling. The 
liquidus and solidus curves w*ere discussed by 0. W. Ellis The solid which separates 
from the cooling liquid along AC is a solid soln to which the name austenite has 
been applied^-after W. C. Roberts-Austcn. Solid alloys with less than 2 per cent 
of carbon contain iron carbide held in solid soln. bvy-iron. The alloys with up to 
2 per cent carbon persist as a homogeneous soln of tritacarbide my iron down to 
temp, denoted by the lines GOSE . The mixture represented by the point S -0*9 
per cent, carbon - is called the eutectoid or eutectic steel . mixtures with a smaller 
proportion of carbon are called hypoeutr<toid.s, and mixtures with 0*9 to 2*0 ]>er cent, 
carbon, hypercutectoid s. 

H. M. Howe considered that the term eutectic steel ma> lead to confiihion, and pro 
posed the term bonmutir steel for the stnelwith thq lowest transformation temp., but Intel 
preformi trohe steel . The term hah not twen adopted. Tho subject wrh discussed bj 
H. H. Brough, A. Sauveur, J. O. Arnold, and A. Ktansfield. 

The hypocuteotoidal mixtures to the left of S, on passing the temp, represented 
by GY), yield /3 -iron, and on passing the temp, represented by OS, a-iron. On 
reaching the temp, represented by PS . the Ar r arrest, the remaining alloy is eutec- 
toidal and it passes into a mixture of a-ferrite and cementite. During the cooling 
of the hypereuteetoidal alloys, with l>etween 0*9 and 2-0 per cent, of carbon, to the 
right of >S, the curve SE is reached ; this represents the limit of saturation of the 
solid sob. of tritacarbide or cementite in y-iron, so that as the temp, falls, the 
austenite is resolved along the line ES in to y-iron and cementite, until the eutectoidal 
mixture is attained. J. H. Andrew and D. Binnie found that the liquidus and 
solidus curves of commercial carbon steels conform with Fig. 84, provided the pro- 
portion of manganese is below 0-45 per cent. K. Honda and H. Endo found that 
the solidus line lies between that of H C. H. Carpenter and B. K. E. Keelmg, and 
N. Gutowsky, and nearly coincides with that obtained by G. Asahara, and by 
8. Kaya. 0. W. Ellis discussed the solidus curve ; and (J. Gesaro, the liquidus 
curve. 

The line GOS thus represents the effect of carbon on the critical temp, of iron. 
With about 0-45 per cent, of carbon the Ar 8 -arrest is practically coincident with 
the Ar 2 -arrest ; and with 0*9 per cent, of carbon the Ar 3 -, Ar 2 -, and Arx-arrests 
coincide. The line PSK represents the temp, at which the solid sob. of carbide 
separates into cementite ana a-ferrite. The eutectoidal mixture has 0-9 per cent, 
of carbon. The eutectoidal mixture, roughly six parts of ferrite to one of cementite, 
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is called pe&Tlitft* owing to the fact that it can be made to show the rainbow tints 
of mother-of-pearl . The eutectoidal line P8K was found by H. 0. H. Carpenter 
and B. F. E. Keeling to have a Blight upward slope beyond the eutectoidal point 8 ; 
but it is usually drawn horizontal, because, in the observation of critical temp, on 
cooling curves, the observed results may be affected by under-cooling. Obser- 
vations on the transformations associated with the zone GOSP , Fig. 83, have been 
considered in connection with the allotropic forms of iron ; and in addition, by 
R. Ruer and F. Coerens, P. Bardenheuer, H. M. Howe, P. Goerens and P. Saldau, 
M. Levin and H. Schottsky, 0. F. Hudson, W. J. Foster, II. Hanemann, R Ruer 
and co- workers, W. H. Hatfield, A, Meuthen, J Driesen, G. Runic] in and R. Maire, 
i\ Curie, A. Merz, F. Stahlein, H. Esser, and 8. Hilpert. 

In constructing his equilibrium diagram, H. W. B. Roozeboom assumed that 
graphite forms the more Rtable system at the higher temp., and this view was 
favoured by A. Stansfield, and H. Lc Chatelier, and E. Ileyn. This moans that 
the equilibrium diagram includes I wo systems- a metastable system free from 
graphite, and a stable system free from carbide. The metastable carbide system is 
supposed to be m a state of undercooling. E. Heyn added that if the proportion of 
carbon exceeds a certain limiting value, undercooling is prevented, and that occluded 
gases may favour the transformation of the metastable into the stable system. 
(J. ('harpy inferred that the system produced depends on the rate of cooling during 
solidification, and he assumed, but did not prove, that the graphite iron eutectic is 
1(V to l.V above the carbide-iron eutectic, 

F. Osmond inferred from his observations on the quenching of grey cast iron 
that the graphite is produced in the solidified metal. F. Wust obtained only one 
cut ec tie for both systems ; he regarded this as the carbide-iron eutectic ; and 
inferred that graphite is not a primary product at all, but rather a secondary product 
being produced bv the decomposition of the carbide -the yield of graphite being 
greater the longer the alloy is maintained m the region of solidification. E. Heyn 
and (). Hauer found that some alloys with silicon can Ik* solidified without the 
separation of graphite, and that the graphitic is formed in the solidified metal within 
30 1 or 40 r below the m.p. Quite a number of observers agreed that graphite is not 
a direct produit of the freezing of the lron-eaibon alloy, but is rather formed by the 
decomposition of the cat bide, eementite graphite +pearlitc, soon after its solidifica- 
tion from the molten stale. A similar view of the process of graphite formation was 
taken by P. Goerens, P. Gneiens and N. Gutowsky, A. M. Portevm, J E Stead, 
K. Honda and T. Murakami, K. Honda and II. Endo, L Northcott, M. Humasumi, 
and J. E. Hurst, E. Mauer and P. Hnltzhaussen, and E Schuz concluded that only 
the eutectic graphite is formed by direct separation from the alloy, but that the 
other graphite is produced by the secondary decomposition of the carbide. 

On the other hand, <\ Benedicks argued that graphite can separate directly 
from the freezing liquid, and this view was supposed by H. M. Howe, H. Ilancmann, 
W. Gucrtler, J. E. Johnson, R Ruer and F. Goerens, 0 Ruff and W. Bormanu, 
K. Tawara and G. Asahara, P. Bardenheuer, A. Logan, K. von Kerpeley, and 
l). Hanson. The eutectic for the iron-carbon alloys occurs w'lth 4*3 per cent, 
carbon ; alloys with 2 to 4*3 per cent, carbon are said to be hypoeutectic, and those 
with over 4-3 per gent, carbon, hypereutectu'. The liypercutcctic alloys deposit 
eementite as cooling occurs along the line CD. The eutectic line ECF corresponds 
with the formation of the eutectic mixture of eementite and austenite. The iron 
carbide m solid soln, under certain conditions may decompose into iron and graphite 
or free carbon — at first probably colloidal. Iron containing 4 per cent, of carbon in 
soln., if rapidly cooled from the liquid state, will contain all the carbon in solid 
soln. probably as carbide, but when slowly cooled most of the carbon will separate 
free. In 1881 L. Forquignon showed that hard carbides may be decomposed when 
the metal is annealed — i vde infra , cast iron. The carbide present m rapidly cooled 
iron can be decomposed at about 1000°. Free carbon can be readily produced by 
annealing steels with over 9*0 per cent, carbon, and in steels with a lower percentage 
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by a prolonged annealing just below 700°. This means that there are two equili- 
brium diagrams for the iron-carbide alloys, either a metastable diagram in which the 
carbide in solid soln. does not decompose into free carbon, etc., or a stable diagram 
in which the carbide is decomposed, or conversely. There are workers who believe 
that for true equilibrium no carbide will be present, and that iron carbides have no 
place in the true equilibrium diagram. E. Heyn, R. Ruer, and C. Benedicks 
suggested diagrams in which the graphite is represented as one of the constituents 
to separate from the eutectic if the cooling be slow enough, and if the cooling be 
fast enough iron carbide and not graphite is produced. According to K. Honda 
and H. Endo, if graphite be a decomposition product of cementite. and not a direct 
precipitation product from the solid sain., the double diagram is not a correct 
representation of the facts. C\ Fig. 84, represents the graphite eutectic ; and C, the 
cementite eutectic . F. Wiist called the eutectic mixture of austenite and cementite 
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Fig. 84. — Stable and Metastable Fig. 85. — Equilibrium Diagram 

Equilibria Curves of the Iron- of the Iron -Carbon Alloys. 

Carl>on AlloyB. 

ledeburite — after A. Ledebur; and H. A. Schwartz and co-workers, solid soln. of 
iron and graphite boydenite — after S. Hoyden-— so that the term bnydenite is used 
for a solid soln. of carbon in y-iron in the same sense that austenite is used for it 
solid soln. of cementite in y-iron — but vide infra . K. Daeves discussed the eutectic 
points in the iron-carbon system. According to R. Ruer and J. Biren, the eutectic 
with graphite is 1152° and 4*25 per cent, of carbon, but with cementite it is 1145° and 
4-30 per cent, of carbon. Graphite can separate from molten hypereutectic alloys, 
and rising to the surface produce the so-called kish. Graphite or kish may thus 
be formed in the region C'D'F as cementite is formed in the region CI)F . As 
shown by B. Osann, graphite is also formed in the slow cooling of iron-carbon below 
EC'D ' ; and graphite or annealing carbon is formed after the prolonged annealing 
of other iron -carbon alloys, and it separates by the decomposition of austenite as the 
alloy is cooled through temp, represented by the line S’E\ just as under other 
conditions cementite separates along the line SB. 

These conclusions on the transformation of combined carbon into graphite have boon 
discussed by R. R. Abbott, P. Goercvta, i\ Goerens and N. Gutowsky, A. Hague and 
T. Turner, E. Adamson, J. Shaw, W. J. Foster, G. Ph ragmen, A. Merz and F. Fleischer, 
R. Ruer, K. Honda, A. A, Bates and co-workers, R. L, Dowdell, J. H. Andrew, A. Ledebur 
and G. Charpv, W. 11. Hatfield, H. M. Howe, F. Wiist, F. Wiist and P. Sclilfeser, 
H. Hanemann, (). Ruff, O. Ruff and O. Goecke, N. M. von Wittorf, A. Smite, B. Osann. 
R. Horny, W. Guertler, E. II. Saniter, H. A. Schwartz and co-workers, P. D. Merica and 
L. J. Gurevich, R. S. Archer, A. E. White and R. 8. Archer, A, Phillips and E. 8. Daven- 
port, R. W. Bean and co-workers, K. Tawara and G. Asaharo, and G. Charpy P ,il * 
L. G renet — vide infra , the graph itization of cast iron, 

O. E. Harder and W. S. Johnson examined normal and abnormal steel* 
respectively with 0 012 per cent. C; 0-021, Mn; 0-005, P; 0*038, S; 0-054, Cu; 
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and with 0'20, (-; 0*43, Mn ; 0-022, P ; 0-033, 8, and found that the re men ti to 
solubility curve wilh normal uteri is shifted to the left, so that the cutectoid comes 


0-51 per cent. 
\ i — r 


Similarly with abnormal steel, 
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Fio. 87. Tlio Solubility 
of Carbide in Steels 
with Iron Oxide and 
Alumina. 


at 0-75 per coni, carbon instead < 
which is shifted still further to Hie 
left so as to cut the A r line at 
about 0*55 per eent. of carbon. 

N. J, Wark, L. (»renet, and K. 

VYalJdow studied the dissolution 
of cementite in a- andy-iron ; and 
.7 (>. Arnold and L. Aitchison, the 
solubility of cementite in hardenite 
— r/r/r* infra. 0. E. Harder and 
co workers also represented iu 
F tp. 81 the results when iron oxide 
and alumina are present. 

The results of R Ruer and 
F. UoeretiVj, and of K. Honda 's 
observations on S iron are included 
in the diapiam It also includes 
diagram rnuticully 1) Hansons assumptions linked on his observations on the 
Fe Si (* HVbtein that the SE anil S' E' lines intersect so that graphite is the stable 
form at the higher temp , and carbide at the lower. It also shows how graphite 
can be the stable form for all alloys w r itli over about 2 per cent of carbon (and 
(M per cent, of silicon q v ) , and caibide is the stable form in steels. Inter- 
mediate zones aie assumed to exist in which both forms have the appearance of 
being stable under ordinary conditions. Observations on this part of the equili- 
brium diagram were also made by U Z Nessolstrauss, K. Dacves, 0. Ruff, 0. Ruff 
and 0 Goecke, 0 Ruff and W. Bormann, 1. Iitaka, L. Persoz, A. A. Bates and 
co-workers, S. Epstein, II. Haneinunn, II. M. Howe, and R. B. Fchr. All these 
possibilities show how very imperfect is oui knowledge of the equilibrium diagram 
of the iron-carbon system ; and this in spite of the extraordinary amount of work 
which has been done on the subject 

The line S'E\ Fig. 83, for the ** graphite separation does not necessarily mean 
that graphite oh such is formed, since the separation may be tcmjier carbon or 
annealing carbon and what has been called agraplntic carbon. II. A. Schwartz 
and co-workers said that they conceived the so-called graplntization to occur some- 
what as follows : 


At funl> high constant temp., say 900 to lOOO 3 , t lie process is initialed hy the separation 
of a graphite nucleus, |»osHihJy due to caihon precipitated out h> some local conversion of 
austenite into hoydouite and excess < arlnm. 'J he bulk ot tho solid **oln , however, remains 
austenitic and maintains its wo bon cone, hy dissolving comcntito. More carbon 
precipitates aiul more <-eineidite dissolves until the latter is used up, wlien there 
remains a matrix of austenite and groins of treo carbon. This react iou is relatively 
rapid Subsequently tho austeiuto is graplntizod into boydemfco and free carbon, and 
reaction ceases when the solid soln. is boydenitc of u carbon couc. coi responding to the 
saturation point at tho temp, chosen. It the temp, lalls slowly enough, caibon precipitates 
along tho S'E' line, the boydonite decreasos in carbon i ontent. Just above the Arj-arrest 
the solubility of carbon in boydemte is about 0 50. 'I'lie ^graphitic caibon heromes almost 
ml below At ^ -stable and ternte is tunned, the remaining carbon precipitating as fornte- 
carbon eutectoid. As a matter ol luel, carbon is probably soluble iu Ionite, so that tho 
carbon concentration at the Ar, arrest has a «nnll Imilo valuo , in tins iuho it was loss 
than 0-03 per cent. If the toinp. I ills too rapidly to permit the buydeinto to decrease its 
tuihon content by procipitat ion, austenite will be loimed, tho ineluctable mix crystals 
having a lugber carbon t one. than tho stable. 11 the temp, falls somewhat rapidly below 
the Ac r arrest, inetastable pern lit o may form mid graplutizalion will still proceed, though 
very slowly because of the slight cailnm solubility at tliat temp. The ionite ring around 
tho temper carbon under these conditions, winch is really a img of lioydemte of extremely 
low carbon content, suggests tho rapid rnigiation ot car bon when dissol v od as such. There 
is no ovideuoe of the existence of the S' -eutectoid, and there may bo a sharp mlloction in 
the E'S’ -curve so that it bends over to zero carbon at the A, -arrest . 

VOL. XII. 3 F 
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The relative portions of the S'E' and &E- lines have not been precisely determined. 
In Benedicks', and N. M. von Wiltnrfs diagrams, these curves agree with the 
assumption that with slow cooling the iron carbide in soln. should break down into 
iron and carbon, since the carbon solubility line lies wholly to the left of the 
eementite solubility line. On the other hand, on 0. Ruff’s diagram, the curve 
approaches and possibly intersects EE before the A 2 , 3 - or the A 3 -arrcst is reached. 
E’S' intersects EE at a point Q ; this would mean that graphite is the stable phase at 
the higher temp., above the point of intersection, and eementite, at the lower temp., 
below Q. Analogous diagrams can lie constructed to show the carbide stable at 
the higher temp , and graphite at the lower temp. These possibilities were discussed 
by D. Hanson, Fig. 88. Whether the alloy grapliitized or not then depends on 
whether S’E' intersects the A 3 - or A 3 ,«-lines on the one hand or the SEAino on the 



Fio. 88.— Constitutional Diagram of Carbon-Iron 
Alloys with no Silicon. 


other hand. In the former case 
a-iron, carbon, and solid soln., sat. 
with carbon, would be in equili- 
brium, and the extraction of heat 
at the temp, of intersection should 
make the solid soln. break down 
into a-iron and carbon. If the 
S'E'- line intersects the NA’-line, 
carbon, eementite, and solid soln , 
sat. with carbon, would be in equili- 
brium, and the extraction of heat 
would produce eementite from 
carbon and solid soln. The relative 
slopes of the S'E' and SE lines, 
near 700 \ are determined by the 
relative values of the heats of soln. 
oE carbon and eementite in the 
sat. solid soln. if the difference 
between the solubilities ol carbon 


from carbon and from eementite is not great. If the formation of eementite is 
ju compuinerl by the evolution of much heat, the slope of the tf/T- line will be less 
than that of the SEA me, as in C. Benedicks 1 diagram, and if the formation of 
eementite is attended by the absorption of much heat, the line S'E' will have the 
greatei slope, as in O. Ruffs diagram. These considerations led H. L. Maxwell 
and A. Hayes to determine the heats of formation and free energy of eementite 
between 6. r >0 u and 700". It wur found that for 3a Fc-H' 1 graphite =Fe a C the heats 
of formation at 660 J and 700 r are respectively +3158 cals, and 2281 cals., and 
the free energies 19,163 cals. Determinations of the course of the eementite line, 
SE, have been made by W. C. Roberts-Austen, E. lleyn, H. (\ H. Carpenter 
and B. F. E. Keeling, N. J. Wark, P. Goercns and P. Saldau, S. Epstein, 
N. Gutowrsky, N. Tschieschcwsky and N. Schulgin, and H. M. Howe and A. S. Levy. 

A. L. Norbury lias studied the constitutional diagram for cast irons and steels, 
and observed that iu one type of iron the graphite may occur in a finely-divided 
form which has been called supercooled graphite ; and in the other type of iron the 
graphite, occurring in relatively coarse flakes, lias been called normal graphite. All 
intermediate stages between these two types have been prepared. When the 
silicon content is below 3 per cent., there is a tendency for the fine graphite to 
associate with ferrite in the matrix. The fine, supercooled graphite has been 
obtained by E. Piwowarsky, H. Hanemann, and P. Bardenheucr and K. L. Zeyen 
by superheating the melt ; and they assume that the refining of the grain-size of 
graphite is due to the dost motion of graphite nuclei in the melt. E. Schiiz obtained 
the fine form of graphite by casting “ iron ” with 3*5 per cent, silicon in chill-moulds ; 
and < *. IrrcsWrger, by jolting molten cast iron which had been melted with additions 
of steel. The fine graphite structure has frequently been rejKirted — e.g. by 
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A* Hague and T. Turner, and H. I. Coe. A. L. Norbury represented tlio phase 
boundaries of iron-earbon alloys with 0, 2, and \ per cent, silicon by Figs. to tM). 
These diagrams show both the austcnite-ccmcntitc and austenite-graphite for 
normal and siijierooolcd systems. A. L. Norbury said that the grey iions have 
been assumed to crystallize according to the normal graphite austenite system when 
graphite nuclei arc present in the melt. Such irons contain coarse graphite Hakes 
and tend to be pearlitic. Conversely, when graphite nuclei arc absent, supercooling 
occurs, and the graphite is deposited in the form of exceedingly tine Hakes which 
lend to be associated with ferrite. In the case of while iron it ha9 been assumed that 
nuclei cause the precipitation of small amounts of graphite eutectic, which in turn 
cause the piecipitation of white iron eutectic at the maximum possible temperature 
and with consequent coalescence. In grey irons the tendency for coar&e graphite 
to be associated with pearlite, and line graphite with ierrite, has been explained 
by assuming that they solid soln. adjacent to the graphite Hakes holds carbon m 
solid soln according to the (lower) solid solubility of graphite, while that awnv from 
the gniplutc flakes holds caibon in solid sola. according to the (higher) sol'd solubility 
of cementite. ( ’onscquently, the coarser and the fewer the graphite flakes, the higher 
the percentage of caibon in solid soln. The lowering of the change points in steels 



l<m. 80. - Constitutional Diagram of Car- Fro. 90 - Constitutional Diagram nt ( ar- 

I H)n -Iron Allots with ‘2 por rout, of firm-iron Alloys \uth t per ront. of 
Silicon. Silu on. 


due to quenching has also lwen repres* ntod in n constitutional diagram as u form of 
supercooling. In the (hiee diagrams the positions assigned to them are only 
approximately con eel. E'C r represents the eutectic temp. for normal graphite, 
and (E f )((!') the eutectic line for supercooled graphite The work of F. VVust and 
C). Petersen, ami A. Hague and T. Turner indicates that the one line is about 20° 
higher than the other. The results of W. Gontcrmann, ]). Hanson, and K. Honda 
and T. Murakami refer to intermediate temp. Sunihtily for the normal eementite 
eutectic EC y at 1110" in Fig. 88, at 1105° in Fig. 80, unci at 1100° in Fig. 90, the 
coarse graphite eutectic is placed at 4-3, 3-75, and 3-25 pci cent, carbon respectively 
for 0, 2, and 1 per cent, silicon alloys. The liquidus lines joining the four eutectics 
are shown in the diagram, and similarly with the solidus lines. The solubility 
curves for graphite are represented by (N 1 flA 11 ), ami for cement lie by SE. The 
curves involving the 8 y - a-allotropic changes are based on the observations 
of R. Ruer and R. Klcsper, F. Wcvor ami I*. Gium, and A. Sanfourche. The 
suppression of the y-phaso with high propoi turns oi silicon was demonstrated by 
F. Wever and P. Omni and predicted by P. Obcrhoflor. K. Taniaru supposed that 
the, solid solubility curve of caThon in 8-iron is a continuation at high temp, of the 
solubility curve of carbon in a-iron. The lowering of the temp, of magnetic change, 
Af, from 708° was demonstrated by the work of T. Maker, E. Gumlich, F. Wevcr 
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and V. Giani, and K. Honda and T. Murakami. E. Scheil did not agree with 

D. Hanson that the double diagram is at variance with the phase rule. 0. P. Yap 
h\ udied the thermodynamics of the system. 

The effect of pressure on the iron-carbon equilibrium diagram has not been 
closely studied. G. Tammann’s results for the effect of variations of pressure show 
that the Ao-nrrest remains constant, whilst the A 3 -arrest is lowered by pressure. 
Hence there are indications of a triple point. G. Charpy observed that the 
separation of graphite is favoured by press. When a white cast iron, containing 
3 per cent, carbon and 4 per cent, nickel, or one containing 3 per cent, carbon and 
2 pcx cent nickel, is heated at IKK* 1 under a press, of 150 kgrms. per sq. mm. 
until no further decrease in vol. occurs, graphite occurs in the cold product. The 
longer the heating, the greater the proportion of graphite formed. Similar results 
were obtained with cemcntite. The quantitative estimate of E. Scheil and 

E. H. Schulz is summarized m Fig. 91. C. Benedicks inferred that mechanical 
stress may cause a partial conversion of y- into a-iron. 



Fig. 01. — The Effort of Variation Fig. 92— Tho Effort of Pr«HSuro 

of Pressure on tho Oiiliral ami Tempera lure on the Iron- 

Points. Carbon 8y stein (I hagrammabic). 


O. Ruff and O Goecke studied the relations between iion and carbon at higher 
temp, and highei concentrations than t hose now under consideration ; for this, vide 5 . 
39, 20 (Fig. 31). R. Ruer and J. Bircn iound that the solubility curve of graphite 
in molten iron is almost linear between 1152 anil 1700 , and after that is slightly 
concave towards the concentration axis. The data for the percentage solubility, N, 
are : 

ma* 1200° 1400° 1000* IftQQ 0 2000’ 2200° 2400° 2D00 J 

s . 4 25 4-37 4-85 5*37 000 0-78 7-72 8-88 9 54 

H. A. Schwartz and co-workers suggested that the solid soln. of graphite- -called 
boydenite — is not the same as the so-called metastable solid soln. of carbide- -called 
ledebuntc ; and they concluded that the presence of some silicon is necessary for 
the existence of the boydenite This is another way of saying that the graphitic 
solid soln is less stable than the carbide solid soln. E. Schuz observed that a structure 
having the appearance of the graphite eutectic can be observed in cast iron only 
when it contains a high proportion of silicon and when it has been rapidly chilled 
from the molten state. The alleged graphite eutectic consists of a mass of finely 
divided plates of graphite evenly dispersed in a ground-mass of austenite, or its 
derived products. J. E. Hurst observed that when a sample of hypoeutectie pig- 
iron was melted and allowed to cool in air, the part which cooled slowest had finely- 
ih\ ided graphite plates evenly disjierBed in a matrix of ferrite and pearlite. Another 
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sample showed a mass of dendrites of austenite free from graphite, with graphite 
in the intermediate spaces, and this part had all the appearance of a eutectic — 
Fig. 93 (X75). Of course, the mere fact that a structure has the appearance of a 
eutectic is not a sufficient proof that the structure is really eutectic, when it has not 
been shown that the alleged eutectic is produced at a definite temp., and that it has 
a constant composition. The fact that the 
final solidification of these alloys furnishes 
the austenite-rcmcntite eutectic is assumed 
to be due to undercooling. The phenomenon 
occurs, however, even when the alloy is 
seeded with graphite- -c g . (i) when samples 
arc melted while surrounded by graphite, 
and (ii) when hypereutectic alloys which 
liberate graphite still give as a result of 
the supposed undercooling the austenite- 
cementite eutectic. The supposed graphite 
eutectic structure can lx* produced by 
annealing at 1050°, when the structure is 
not eutectic because* it has been produced 
below the final solidification temp. Hence, 

E Schulz admitted that it has not been 
possible to find why the solidification of 
molten iron in adjacent parts should pro- Fl< J> Hypoeutectic Iron with the 

wed at one t ime so as to furnish the graphite ln i£d with 1 Jondritw of Austenite 

system, and at another time, the cementite (j. e. Hurst), 
syhtem ; and still less so why the white and 

grey patches are formed not regularly on the outside or in the middle of the drops, 
but quite irregularly througl out the mass. The general conclusion is thal carbon 
exists m the molten alloy as carbide, and that the available evidence does 
not favour the assumption of a graphite-austenite eutectic. W. H. Hatfield, 
H. le Chatelicr, A. BaykofT, and A. I. Krynitsky have discussed this subject. 

According to J. E. Hurst, the possibility of obtaining the alleged graphite 
structure by the heat treatment of the solid, and the fact that quenching the 
alloy containing graphite from the virinity of its final solidification temp, furnishes 
the auslenite-cementite eutectic, make it probable that the carbon is dissolved as 
carbide in liquid iron, and that the existence of an austenite-rementite eutectic is 
not proven. Tlio alleged graphitic eutectic is a kind of transitional stage in tho 
appearance of the separated graphite and is formed within certain limiting conditions 
of cooling and composition. The formation of the austemt e-cement ite structure 
with no free carbon during the rapid quenching of the molten alloys from all temp, 
down to the final solidification temp., is taken to mean that the cementite is the 
stable phase down to temp, slightly below the final solidifical ion temp., and is not 
necessarily a result of undercooling. The subsequent appearance of graphite is 
attributed to the breaking down of the austenite or austenite-rementite structures 
at lower temp. The production of kish in the liquid hypercutectic is attributed 
to the presence of silicon or of some other impurity — a subject discussed by 
W. H. Hatfield, and J. E. Stead. It is assumed by W. Gontermann, J. E. Stead, 
J. H. Andrew, and C. A. Edwards that with the hypoeutectic alloys it is primary 
austenite which separates from the cooling liquid, and wilh hypercutectic alloys, 
cementite ; the cementite is the stable phase down to temp, a little below the 


eutectic temp. According to J. E. Stead, when Lypooutcetic alloys low in silicon 
solidify, nearly all the silicon separates out with the primary austenite, and by 
gradually increasing the carbon ho uh to reduce the quantity of primary austenite, 
the austenite is gradually enriched in silicon up to the point of saturation ; 
and when that point ib reached, the excess Hilicon crystallizes out with a poition 
of the iron carbide to form an iron silicoourbide. In eutectic and hyper- 
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out or tic alloys no primary austenite can form, and the silicon crystallizes out with 
the carbide. The primary carbosilicidcs are very unstable, and they are the first to 
decompose into graphite and Hificoaustemte. In the absence«of all but traces of 
phosphorus, two cementitcs form ami crystallize as a eutectic mixture — one is 
silit oc.irbide-ceinentite, and the other a carbide-cementilc. The unstable silico- 
c.irbides arc responsible for the greyness of commercial irons rich in silicon and low 
'in sulphm . When white iron is heated to 1000° with iron silicide, if decomposes 
into graphite and iron. Hence the silicon of hypoeutcetic alloys crystallizes out 
with the primary austenite ; and after the carbide has solidified a diilusion of the 
silicide occurs, and this leads to the decomposition of the iron carbide into graphite 
and iron. 

N. 111. \ on Wiltorf's diagram iw shown in Fig. 94, whore tlio assumption in mado tliut 
di (Terri it iron carbides nre formed ru/c S. 39, 20. M denotes moll on alloy ; 1, austenite 
(y iron) ; II, 0-iron ; 111, a iron ; J V, graphite ; V, Fc 4 C ; VI, I'OjC or cement it n ; VJI, 
Fe( It illustrates how ver> uncertain is the state ut our knowledge of the details of tho 
binary system : Fe C. II. M. Howe, II. Stoughton. N. N. Ljubavin, Cl. Aurliy, A. Sniits, 
and U, It nil discussed th^se different carbides— mdt 5. 39, 20. 




Fio. 94. — N. M. von Wittorf’n Equilibrium 
Diagram of tho Iron-Carbon Alloys. 


Fin. 95. — Portion of Equilibrium 
Diagram of tho Iron-Carbon 
System Associated with Small 
Proportions of Carbon. 


V A. Edwards explained l lie formation of kish by assuming an upper limit of 
stability of ceinentite-carbide as indicated by MN, Fig. J ,W>, so that at temp, and 
cone, a little in excess of those of the eutectic alloy, the ceincntit e-carbide is stable, 
and crystallizes from the molten metal. Tlio break at M in the liquidus curve 
corresponds with the reaction Fe 3 ('- Graphite -| Melt. No such break, however, 
was observed by O. Hull and 0. Uoeckc, and H. Hancmann in their studies of the 
hypereutectic alloys. U. B. Upton also made an attempt to deal with the formation 
of graphite by assuming the existence of a number of complex carbides. There is 
iio definite arrest on the cooling curves corresponding with the separation of graphite, 
for the graphite may separate continuously over a considerable, range of temp, 
below the solidification temp, of the eutectic. Several other modified equilibrium 
diagrams have been proposed- e.g. by G. B. Upton, A. VinogradolT, etc. 

J. H. Andrew said that the formation of graphite commences between 1150° and 
1100* ; K. Honda and T. Murakami, between 1150° and 1130° ; and L. Northcott, 
between 1115' and 1000 with ordinary grey east irons. The assumption that 
graphite begins to be formed at least 5° or 10° below the solidification temp, of the 
ouleetic is in agreement with the observations of «T. O. Arnold, U. A. Edwards, 
W. Gontcnnnnn. and (J. Uessiro. Unlike R. Ruer and F. (Wrens, K. Ilonda and 
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T. Murakami concluded that graphite in not directly precipitated from the molten 
soln. of iron and carbon, but is a secondary product of the decomposition of the 
solidified ceniontite Consequently, the graphite system is not an integral part of 
the non-carbon equihbuuni diagram. The conclusion is based on these facts 

( 1 ) If a specimen of tost non is qucnclicd fioin 1 MO , when it has just solidified, no 
graphite in observable, provid'd the allov is li\ poeuteilie , while m specimens quern hid 
between ]050° and 1000 a < niisidemble amount of giaplute is found in the liiieroHtriu tun 
Moreover, in spec imt ns very slow lv < uolid thinugli thi sulidiix mg range, (lie gmphit (✓at ion 
ib vory email if the giaplute wen a dim t product hum (lie milt, it should he iound hi 
specimens whuh ]m\o pist solidified and Ihiii qiumlieci imni 1130, or slowly cooled 
through (lie Bohditv mg range , but (Ins is not Die nisei (n ) It tlir graphite wi 10 a ptncluc ( 
directly proupituted iroin the melt, it muni lie iound in a groutu quant it x iound u graphite 
rod dipped in i(, because n new phase easily appeal's when u nucleus ot (lie hhiiio phase 
exists liut (his rone lusioii jh not innfirmid by expi u clients (m) Tlukv graphite, which 
lHsmnlai to that pi oduc id dining i ooling from (lit irult is also obtained b\ healing solidified 
alloys (ontaiiimg ceincntite tiom 1000 lo IKK) Tins fact death shows (hat loinentite 
run graplnti/e and tonn flakes at a temp Mow the eutectic poiiu (iv) J\ Honda and 
11 Kudo found that flu contract ion w Inch occurs when cast iron solidifies is A 5 pm cent , 
provided no ceincntite ch composes If graphite he a di i (imposition pioduct of eoinentito, 
tlie change m vul, bi/u on Roluhf nation will bo bvji — 3 (1 |- the vol diangc due to the 
decomposition or tlu (irnontitc I ho obsuyed unci calculated ro lilts agree 

The general com lu si on of 0 Ruff and VV Bornunn, R Ruei and F Goeiens, 
G C‘haip) F Wust, K Honda and cn workers, T Kase and H Sawamura 
is th.it graphite is produced by the dissociation of the primarily funned carbide 
us it cools Ik low tlu solidification of the austcntite cement ite eutec tir It is simplest 
to suppose that fhe carbide dissociates Fc^ 1 JlFc 1 (^laphiti Assuming that 
ament lie is the metastable phase, and graphite the stable phase the formation 
of flic metastable intermediate phase antenor to the appearance of the stable one 
is in general agjeement with the obsen ations of W Ostwald on the transition of 
substances from one state to another On the other hand K Honda suggested 
tint graphite is foinud l>\ a stm th (hnnical process, namely the catalytic action 
of free c ai bon dioxide on the ccmentite Fi )-('(),. 2C()-|TFc, followed by 
2(H) OOj (’ R i i|iiutc and the ic suiting caibou dioxide maintains (lie continuitv 
of the c^cle \fcoulmg to these hypotheses, fiee ferrite must occui along with 
the graphite, but this has not been observed Hence it is assumed that the 
ccmentite caibide dissociates into graphite and a solid soln of carbon in iron, 
Fcj( C K rfti»iui< S( >b<l s °bi of carbon in non The solidification of a cooling 
soln of caibulc in molten non furnishes a mixture of austenite and the austenite 
ceincntite This is stable diwn to about LKKI , when the pumai\ ceincntite of 
the eutectic may furnish graphite and a solid soln As the austimli cools down 
it becomes salinated Mth icspect to cailnde, and needle^ of seeondaiy ceniontite 
an* deposited The line hE lcpresentu (he solubility ot ccmentite in the solid 
Holn The secondary ce‘mentite can presumably clissociute into graphite and solid 
soln T Rases observations cm t ho cooling curves, the 1 miciostrm 1 uie of east 
mm cooled under various conditions, and the t hinge of electrical it distance neat 
the eutectic teuip favour the mti rpietation that graphite is a secondary product 
The two-stopped thermal change obsen ed bv It Ruer and F (banns with the 1 
anstenitc-cemcnt it c and the austenite graphite c utochcs (Iocm not prove th it giaplute 
is a pi unary product , T kuse H.ud that the phenomenon is due to tlu difference 
in the velocity of the mutual dissolution of ccmentite and austenite, and graphite 
and austenite, respectively No evidence of the presence of two eutectic temp 
could be observed, for the two eutectic hon/ontals sometimes observed are 
attributed lo the difluoncc m the speed of nulling of the austenite ceincntite and 
austenite graphile systems The so called eutectic graphite boydemte is a 
clc c omposil urn pioduct of the eutectic ccmentite 

L* I) Merita and L .] (Jmevich, I) ll.inson, R S Aului k Tawaia and 
G Asaliaia \ Phillips and K S Davenport, A Hayes and eo wm kc is, \ Sniits, 
and M K Fiseliei and .1 M Holier Wm hold that the gr iplutc ot fiee carbon 
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is not produced by the dissociation of the carbide per se, but rather separates 
directly from solid soln. R. A. Hadfield, W. H. Hatfield, J. E. Hurst, 
H. M. Howe, R. S. Archer, P. D. Merita, G. S. Scott, E. Heyn and 0. Bauer, and 
G. P. Royston showed that in the reverse process graphite can redissolve when cast 
iron is healed, without the intervention of the free carbide stage, to form, pre- 
sumably, a solid soln. Similarly, also, it is not improbable that the solid soln. can 
deposit graphite directly. Free ferrite can thus he formed by the reduction in the 
cone, of the solid soln, as it deposits graphite, and by the resolution of the solid 
soln. into ferrite and pearlite as it passes through the pcarlitc transformation. 

R. Ruer and R. Klesper showed that 8-iron dissolves about 0-07 per cent, of 
carbon at the peritectic temp. 1486°. T. D. Yensen observed tha* iron with 
0-003 per cent, of carbon at ordinary temp, contains a trace of ccmentite. lienee 
the solubility of carbon in a-iron is very low, but. not zero. H. Scott observed that 
with iron containing less than 0-03 per cent, of carbon no break can be observed 
corresponding w r ith the Aj-arrcst ; and F. Yamada showed that no eutcctnidal 
mixture is formed when less than 0034 per cent, of carbon is present, but appears 
as an iniercrystalline film in slowly-cooled specimens. K. Tamara, acting on the 
assumption that the solubility of carbon in a-iron at the Aj-arresl is 0*034 per cent., 
inferred that since a-iron and 8-iron have a similar space -lattice, the solubility 
of carbon in 8-iron lies on a continuation of the solubility curve of carbon in 
a-iron PAW , Fig. 95. MN denotes the cutectoidal horizontal. Fjg. 95 then 
represents the position of the equilibrium curves at the extreme left of the 
equilibrium diagram of the iron-carbon ulloys. 

A. Sauveur and V. N. Krivobok said thut the solubility of carbon in a-ferrite, 
slowly cooled, is about 0-06 per cent, of carbon in soln. at ordinary temp. ; 
A. Sauveur, basing his statement on the non-observance of cement it c in certain 
carbon steels, said that ferrite or a-iron can dissolve 006 per cent, of carbon ; 
C. Benedicks gave 0*27 per cent. ; whilst W. II. Hatfield gave 0-04 to 0-05 per cent. 
These numbers are doubtless too high for ordinary temp. F. Yunmdu gave 
0-01 per cent. ; T 1). Yensen, 0*006 to 0*(K)8 per cent. ; II. Scott, < 0*03 per cent. ; 
J. II. Whiteley, 0-03 per cent. ; N. B. Tilling, 0-015 ]>er cent.; K. Tamaru gave 
0-034 per cent. ; and A. Bramley and F. W. Haywood, 0-04 per rent. The subject 
was also discussed by F. Wevei, H. A. Dickie, K. Daeves, N. J. W’ark, (1 Churpy 
and A. (Wnu-Thenard, J. A. Holden, I. Iitaka, and N. SeljakofT and co-workers. 
According to J. H. Whitclcy, carbon is soluble in a-iron at temp, exceeding 630 1, ; 
and it can lie retained in solid soln. by quenching. On tempering at or below 250' 
the precipitation of ccmentite occurs in the ferrite grains, and as the teinp. rises the 
minute particles migrate to the boundaries of the grains. The speed of movement 
is rapid at 550". Above 630° the solubility of carbon in 
ferrite gradually increases with temp., and at 720°, 0*03 
per cent, is dissolved. As the purity of the ferrite is 
diminished, the initial temp, for soln. rises a little, and 
at the same time the solubility of carbon is, in all proba- 
bility, correspondingly reduced, (’arbon is tiot insoluble 
in iron, even at ordinary temp., and T. D. Yensen stated 
that up to about 0 008 per cent, is retained in soln. 
0. C. Ralston gave 0*003 per cent, for the solubility of 
„ — --- carbon in a-ferrito at ordinary temp., and S. Tarnura 

/hr cent ef carbon observed 0-034 per cent, at about 720°; the maximum 

.. rru'o i un r solubility in 8-iron at about 14H2' is 0-07 per cent. 

* Carbon in a- Jr on. * ° W. Kostcr gave the curves, Fig. 96, for the solubility of 
carbon in a- iron. R. Ruer and J. Bircn observed that 
the solubility of gruphile in molten iron rises linearly with temp, from 1152° to 
1700°; it then bends away from the concentration axis, slightly at first, and then 
more strongly as the temp, rises. The concentration at the graphite eutectic, 
1152°, is 4-25 per cent, of carbon, and til, the ccmentite eutectic, 1)45°, it is 1*30 
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per cent . — wdf 8. 39, 20 K. Bchichtcl and E Piwowarsky found that phosphorus, 
silicon, and nickel lower the solubility of carbon in iron With over 2 5 per cent 
of phosphorus, 3 per cent of silicon and 1*) per cent of nickel, the effect on 
carbon ceases At 1200 , 0 29 part of carbon is thrown out foi ever} one paTfc of 
phosphorus, 0 28 pait of c arbon for one pari of hilic on, and 0 045 part of c a? bon foi 
one part of nickel, at I700 n the corresponding parts of carbon separated .ire 0 42, 
0 40 and 0 045 respectively vuh the chemical properties of iron and the allovs 
of silicon, and nickel E M Wise, and H 1j Maxwell and A disnuMcl 

the solubility m austenite of carbon from the element, and from (dibidt , and 



G (‘harpy 0 Benedicks, and S Runobcjcwskv the solubility of lion in graphite 
G Sirowih supposed tint there arc two femtes, one stable below and the other 
stable above 370° , the foimcr dissolves cementite or csibon, and the latter not so 
The rate of diffusion of the dissolved carbon (vi<I< vif/a) is very rapid at the 
A! point During slow cooling the dissolved caibide is deposited on the existing 
cnstals, so that hIow1> cooled fernte in ordinii} steeN contains vci> little, if any, 
caibon in solid soln r Jlic presence of dissohcd carbon in a iron increases its 
Biniell s li.iidness to a small, but definite, extent Thus, unticatcd f tCvl and steel 
quenched fiom 550 , hHO and 980 h.ul the respective hardness, 89, 91, and 
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105. F. Saucrwald and A. Keren y discussed the rate of dissolution of graphite in 
molten iron. 

Fig. 97 can he taken as the conventional phase equilibrium diagram of the 
carbon-iron system. The diagram, however, has not yet assumed its final form ; 
and it must be understood that it leaves for discussion many anomalies whose 
.significance h.is not yet l>ccn interpreted. Results obtained with commercial 
irons do not always fit the diagram, and this is taken to mean that in many cases 
equilibrium conditions have not been attained. The steels include the alloys 
with up to about 1-7 per cent, of carbon, and the east irons begin with about 
2-2 per cent, of caihon. There is a more or less ill-defined border-land in between, 
and the up]H»i limit for east ironB is more or less indefinite and is probably near 
that of the composition of cementitc, namely 6*67 per cent, of carbon. Area (1) 
includes 8-ferrite with a maximum carbon solubility of 0-07 per cent.— the point F; 
area (2) includes 8-ferrite and the molten alloy ; area (3), o-ferrite and austenite ; 
area (4), a-fernte and austenite ; area (f)), a-ferrite with n maximum carbon 
solubility of O-034 per cent.; area (6), austenite and pioeutei toid cementitc ; 
area (7), procutectoid a-ferrite and pcarlite ; and area (8), proeutectoid ccmentite 
and pcarlite. The temp, of the magnetic transformation of cementite, A 0 , is 
210°, and Die temp of magnetic transformation of a ferrite, A 2 , is 793 . The temp, 
of the A] -arrest, where the euteetoid of solid austenite splits into a-fernte and 
cementite, is 720 . The temp, of the A 4 -arrest, where 8-fern t^ Js transformed into 
y-ferrite, is 1400°. The m.p. of iron is taken as 1 53f> . The poinl N representing 
the solubility of eurbon, as cementite, at room temp . corresponds with 0*003 per 
cent, of carbon, and NP represents the solubility curve A\ith a use of temp. The 
composition of the a-ferrite crystal?- which separate from austenite is represented 
by A Z I } ; whilst that of austenite in equilibrium follows along A^S. The temp, 
of the pcTitertic FIf is I486 0 , and the peritcctic G conesponds with 0*18 per cent, 
of carbon— K. Honda gave 0*38 per cent . The curve js v\ here 8-ferrit e separates 
from the alloy, and AJ& where austenite solid soln sejiarate out The eutectic 
mixture of cementite and austenite, 7i, is lcdoburitc, mid tJie eutectic 11’ refets to 
the mixture of graphite and austenite , HE is the solubility curve of cementite, and 

S'E' tliat of (uibon in austenite E Seheil 
woiked out a tentative equilibrium diagram 
varying both temp, and press Observa- 
tional data, however, are too meagie to 
make this link h more than a speculation. 

T. 1) Yensen argued that pure iron has 
never been examined. Elec trolytic iron ' 
contains 0*005 per cent of carbon, and up 
to about 0-4 per rent of oxygen. Carbon, 
ox) gen, and nitrogen heieactas interstitial 
elements in that they occupy the open 
spaces between the solvent atoms. The 
effect of these elements is to favour the 
change from the, body-centred to the face- 
centred cube. These interstitial elements 
are more soluble in the y-iron with its 
face-centred cube than in a-iron with its 
body-centred cube. As a result, it is 
inferred that if all the elements whose 
atoms enter the lattice of the solvent 
occupy the open spaces, the iron would 
nof change into the y-forni, The corresponding change necessary in the equili- 
brium dnigiain is illustrated by Fig 98, where the dotted lines indicate the effect 
of this hypothesis on the conventional equilibrium diagram. 

The critical temperatures of the iron-carbon alloys. The m j>. of pm died iron 


of ( ft prrcip/tates frorr / qwd 
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is somewhere between 1528° and 1537°. The prosonce of carbon lowers the m.p. 
down to the eutectic at about 1135°. 

The Appoint. — According lo S. Tamura, the A^-arrest of iron is raised from 
1400° to I486 0 by the dissolution of 0-07 per cent, of carbon ; whilst K. Honda 
said that only the iron-carbon alloys with less than 0-38 per cent, of carbon can 
exhibit the A 4 -Hrrest. With more carbon 8-iron passes into y-iron, that is, the 
solid soln. of carbon in 8-iron pusses into a solid soln. of carbon in y-iron. 

The A 3 -point — R. H. Harrington and W. It. Wood said that there is about 6 U 
difference in the Ag-transfonnation in heating and cooling; I he transformation 
seems to occur in two stages. H. M. Howe and A. 8. Levy discussed the position 
of the A ;r arrest with carbon steel in a state of equilibrium. He took 91 7 J as the 
normal value for this arrest, and gave for the temp. T of the A 3 -arrost with C 
per cent, of combined carbon, 7^°-— S#17 — 3066'. The subject was discussed by 
G. K. Burgess and co-workers, A. Stansfield, K. W. Zimmcrschied, 11. lo Uhatelier, 
A, Snuveur, and P. Bardenheuer. Carbon raises the A*- arrest , and lowers the 
temp, of the A 3 -un*est/ of iron from its normal value, 906 \ The lowering which the 
Appoint undergoes with increasing proportions of carbon is represented by the 
curve A'jS t where S represents the eutectic between a-iron and cement ito. With 
higher proportions of carbon, Ihc A a -arrcst coincides with the A | -arrest. Those 
who regard /8-iron as a definite allotrope, regard the A 3 -arrcst as the tern]), or range 
of temp, within which y-iron passes into /3-iron, and the line where /8-ferrite is 
liberated from the solid soln. of carbon in iron. The separation of /8-iron con- 
tinues down to the Aj -arrest. Ah the proportion of carbon increases, the Ag- 
ain! A 2 arrests merge into the Aj-arreM. The abrupt changes in physical pro- 
perties winch occur when the cooling alloy passes through the Ay-arrest become less 
miukcd as the proportion of carbon increases. The solvent power of the alloy for 
carbon is also reduced on cooling through this range of temp. 

The Appoint. On passing the Ay-arrest, iron or steel with less than 0-35 per 
cent, of carbon suffers a tiansformation of a- to /3 iron at about 768°. F. Osmond 
thought that a- and /3-iron are isomorphous ; tins is true if they are two distinct 
chemical individuals. In spite of the changes which occur in the physical properties 
as it passes t hrough 1 he A 2 -arrcst, it is generally held that no new allotrope is formed. 
The crystalline structure of the /3-form is the same as that of the a-form. In any 
case, the Ao-arrest represents the temp, of magnetic transformation where ferro- 
magnetic u-i ron changes into paramagnetic a-iron on the heating curve, or conversely, 
on the cooling curve. The term paramagnetic a-iron is here used in place of /8-iron- - 
vidf sup} a. The .solvent power of iron foi earbon is also reduced on passing through 
this range of temp. 

The A 3 ^-arrest.- The Ar 3 -arresl merges into the Ar.j-arre.st with steels containing 
between 0-33 and 0 -Hj per cent, of carbon. Ti. H. Harrington und W. H. Wood 
found that the merging of the A a - and Aj-arrcsts occurs at 714“ when the steel has 
0-60 per cent, ol earbon. The A 3 , 2 -arrcst marks the beginning of the liberation of 
iron which continues between the Ar 3 . 2 - and the Arj-arrcst, and it also marks the 
passage of iron from the /3- to the alleged a-state, or directly from the y- to the 
a-state. The changes as the alloy cools past the A 3 , 2 -arrest are similar to those 
taking plare with lower carbon steel at A 3 - and the A 2 -arrests, namely, liberation 
of a-ferrite, a change in the thermal expansion, in the tensile strength, sp. ht., 
electrical resistance, and magnetic susceptibility. There is also a loss m the solvent 
power for carbon. 

The Appoint. —II. M .Howe discussed the position of the A|-arrcst with carbon 
steel in a state of equilibrium. The recorded data vary from 70tT to 731 \ and he 
considered that the most reliable results fall bet wren 71iV and 723°. lie gave 
723 1 for the bes! representative value. S. W. J. Smith and -I. tSuild gave 733° 
for the Ac j -arrest, and added that the value is the same for all steels. A. Hultgrcn 
said t h<it the transformation which occurs in the Ae r range is influeiieed by (i) the 
presi nee of ,dloy elements ; (n) the heterogeneity which o< nil s on solidification ; 
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and (iii) the alow rate of diffusion of carbon, and possibly other elements, present 
in the austenite. The arrest at about 723° occurs with hypoeutectoidal steels, 
or the Ag^-point of hypereutectoidal and eutcctoidal steels corresponds with 
the fairly sudden and spontaneous transformation of the residual solid soln. of 
aURtenite of eutectoidal composition into pearlite. The A l -arrest is not generally 
associated with critical variations of the electrical, magnetic, and other properties 
of the alloy. On passing the A 3 , 2 ,rarrcst there is a marked thermal expansion 
which is a maximum with eutectoidal steel, a sudden decrease in electrical resist- 
ance, a sudden gain of magnetization, a loss in solvent power foT carbon, and a 
temporary gain in malleability. The Aftn-arrest with hypereutectoidal steels 
indicates the beginning of the separation of cementite along the ES - line of the 
equilibrium diagram ; and the Aro-arrest, the beginning of the separation of 
graphite along the E'S'- line. The JPA-line in the equilibrium diagram is horizontal, 
but observations generally show an upward slope corresponding with a rise of 20°. 
This is thought to be an effect of silicon, which is usually present as an impurity 
and which is known to raise this point — whilst it is lowered by manganese. 
K. Tamaru showed that at this temp, a-iron has its greatest solvent power for 
carbon, for it dissolves 0 034 per cent. At thifl temp. y-iron can dissolve 0*9 per cent, 
of carbon. K. Honda observed that with the rapid cooling of high-carbon steels 
through the A 1 -arrest, the transformation occurs in two stages : (l) the conversion 
of y- to a-iron ; and (ii) the separation of carbon from a supersaturated soln. in 
a-iron. The latter stage can be suppressed by sufficiently rapid cooling— vide 
infra . S. Konno, A. Hayes and W. J. Diedcrirhs, J. A. Jones, and T. Murakami 
studied the effect of the rate of cooling, etc., on the A 1 -arrest B. Kjerrman found 
that in the absence of manganese, or other alloying element, the Ac r arrest occurred 
at a definite temp, or over a veTy small range. Anomalies were attributed to the 
presence of non-metallic inclusions — thus, manganese depressed the beginning of 
the pearlite ini erval, and widened the range ; silicon raised the interval and extended 
it. In a silicon manganese steel the interval was doubled, lleat treatment 
tending towards homogeneity of structure reduced the range caused by manganese, 
but did not affect the range caused by silicon. The effect of these two elements 
ia explained on the assumption that at the same temp, manganese is more 
and silicon is less soluble in austenite than in ferrite. Phosphorus behaves 
like silicon. 

The Appoint.- This arrest does not occur with iron alone ; but it resembles 
in many respects the A 2 -transformation with iron alone. It begins at 215° to 
200° yn the cooling curve and extends 60° to 60° downwards. It ends at 215° on 
the heating curve. Heat ib evolved on cooling and absorbed on heating through 
this point. Above 206° cementite is paramagnetic. The A 0 -arrest represents 
the beginning of the transformation of cementite from a paramagnetic to a ferro- 
magnetic state, or conversely, S. Curie showed that this reversible transformation 
occurs at about 2(J0° in iron-carbon alloys. No change was observed by F. Wevcr 
in the space-lattice of the crystals an the alloy passes through this critical temp. 
This A 0 -arrest waa observed by 8. Wologdinc, and studied by P. Dejean, 
S. W. J. Smith and J. Guild, P. Chevenard, and K. Honda and H. Takagi, who 
placed it at 210°, while T. Ishiwara, and I. litaka placed it at 215°. M. G. Morris 
and H. Scott found changes occurring in the sp. ht. in pearlitic and in high-carbon 
steels at this temp. The actual point depended on the rate of heating and the 
carbon content, both of which raised the thermal point ; the Ao 2 -arrest occurred 
at 191 n to 207", and the Ar 0 -arrest, at 199° to 205°. I. litaka observed that with 
the electrical resistance, singularities occurred corresponding with the Ac 0 -arrcst 
at 195° to 2J2°, and the Ar 0 -arrest at 192° to 200°. G. Tammann and K. Ewig 
found that llie A 0 ‘arrest occurs at room temp, when 0 5 per cent, of boron or 
10 per cent, of manganese is present. Both 1 hesc substances dissolve in the 
carbide, whereas substances like gold which dissolve in iron alone, but not in the 
carbide, do not affect the A 0 -ariest of flteols - — mdt infra, cementite. K. Tamaru 
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found that the magnitude of the Ag-transformation, when observed magnetically, 
depends on the form of the cementite. 

Other critical temperatures.- --Quite a number of observers have reported 
critical changes in different physical properties of iron at temp, below 400°. For 
example, G. Borelius and F, Gunneson, 2 and G. Belloc observed critical temp, in 
the rate of removal of occluded hydrogen and nitrogen ; and W. C. Roberts- Austen 
noted an anomaly due to the presence of hydrogen ; J. H. Andrew and co-workers 
observed thermal changes at 60° to 150° ; and H. 0. H. Carpenter and 
B. F. E. Keeling, an anomaly at 016°. G. Sirovich showed that at about 370° 
the A 0 -arrest corresponds with a polymorphic transformation of a r iron ; c^-Fe 
v^a^-Fe. Both forms of a-iron have a characteristic coefficient of expansion. 
The Bureau of Standards could not verify G. Sirovioh’s deductions other than to 
show that the X-radiograms indicated that near 370° there is a recrystallization 
of some amorphous metal ; and H. S. Rawdon and co-workers attributed the 
effect to the reducing action of hydrogen on the contained iron oxide, and the 
recrystallization of the fine-grained iron so obtained. As indicated below, there is 
a minimum in the torsional elastic limit at about 370°, and a peak in the electrical 
conductivity curves at about 350°. B. D. Enlund, G. E. Svedelius, P. Cbevcnard, 
T. Matsushita and K. Nagasawa, G. Charpy and L. Grenet, C. Grard, K. Honda, 
and K. Tamaru observed changes in the sp. vol. or sp. gr. at about 130° and about 
280°; ,1. H Andrew and co-workers observed an expansion at 60° to 150°. 
F. Robin reported singular points in the hardness at 100° and 250" ; F. Fettweiss, 
and K. Tamaru, at about 600°. E. G. Herbert, D. Smith, and I. Hey, and 
S. S. Vanick and T. H. Wickenden observed critical points in the work-hardening 
of iron at different temp., and in the annealing temp, and hardness curves. 
M. Ishimoto measured the viscosity or internal friction of iron from the (lamping 
of vibrations at different temp., and found a minimum in the curve at 65°, a 
maximum at 170° to 183°, and a break at 260°. The hardness curves were found 
to be parallel with those of the internal fraction. C. E. Guye and S. Mmtz found 
singularities in the viscosity of wires at 180° and 240° ; G. Wertheim, in the 
velocity of sound in wires at 100° ; and G. Chrystal, and F. Robin, in the acoustic 
properties at 120° and 250°. F. Robin suggested that the singularity in the 
acoustic tests of iron between 100° and 250° shows that a-iron really exists in two 
forms, a 1 -iron and ar iron. As indicated above, the A 2 -arrest sometimes shows a 
double ]M'ak on the curve. The cause is not clear. It is not to be confused with 
the splitting of the A 3 -arrest discussed later. M. le Blant observed discontinuities 
in the tensile elastic limit at 100°, and between 250" and 300°- -though F. Robin 
does not think this test of much importance, but he concluded that, in general, 
static stresses indicate a point of transformation between 100 and 250°, and 
dynamic stresses, between and 450 ; F. C. 1-ica and O. 11. Crowther, in the 
maximum tensile strength and yield point at 3U0 W ; F. C. Lea, in tbe tensile strength 
of armco iron since there is a maximum at 230", and in the elongation there is 
a maximum at 350° and a minimum in the tensile elastic limit at 230°; and in 
mild steel, in the torsional rigidity modulus at 120“ and 230°. O. Reinhold, 
H. J. French, Z. Jeffries, K. Ilonda, and T. lnokuty also observed a maximum 
between 200° and 300°. A. Guffey and F. 0. Thompson found eritical points 
in the torsional elastic limit at 7U U , 120'\ 170 J , 230^, 290°, and 310° and 350° ► 
E. L. Dupuy found that a maximum in the tensile strength occurs at 250 1 and 
a minimum in the reduction of area at 250° with 0-15 per cent, carbon steels, 
but this rises to 330° with 0-91 and 1‘25 per cent, carbon — but ju these two 
high-carbon steels no minimum was observed in the reduction of area ; G. Charpy, 
R. H. Greaves and J. A. Jones, and L. Guillct and L. P. M. Itevillon noted one 
in the notclied-bar brittleness ul J00° to 150 J . 

K. Honda, and K. Honda and H. Takagi observed a thermal change between 
130° and 215°, and between 220 u and 280° ; K. Gebhard and co-workers, a break 
at 860° ; A. Penier and F. Wolfe rs observed a break m the heating curve at 1 13 , 
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and (iii) the slow rate of diffusion of carbon, and possibly other elements, present 
in the austenite. The arrest at about 723° occurs with hypoeutectoidal steels, 
or the As^-point of hypereutectoidal and eutectoidal steels corresponds with 
the fairly sudden and spontaneous transformation of the residual solid soln. of 
austenite of eutectoidal composition into pearlite. The -arrest is not generally 
associated with critical variations of the electrical, magnetic, and other properties 
of the alloy. On passing the A 3 , 2ll -arrest there is a marked thermal expansion 
which is a maximum with eutectoidal steel, a sudden decrease in electrical resist- 
ance, a sudden gain of magnetization, a loss in solvent power for carbon, and a 
temporary gain in malleability. The Ar ^-arrest with hypereutectoidal Bteels 
indicates the beginning of the separation of cementite along the ES - line of the 
equilibrium diagram ; and the Ar<}-arrest, the beginning of the separation of 
graphite along the E'S '-line. The PA-line in the equilibrium diagram is horizontal, 
but observations generally show an upward slope corresponding with a rise of 20°. 
This is thought to be an effect of silicon, which is usually present as an impurity 
and which is known to raise this point — whilst it is lowered by manganese. 
K. Tamaru showed that at this temp, a-iron has its greatest solvent power for 
carbon, for it dissolves 0*034 per cent. At this temp, y-iron can dissolve 0*9 per cent, 
of carbon. K. Honda observed that with the rapid cooling of high-carbon steels 
through the A 1 -arrest, the transformation occurs in two stages : (i) the conversion 
of y- to a-iron ; and (ii) the separation of carbon from a supersaturated soln. in 
a-iron. The latter stage can be suppressed by sufficiently rapid cooling - vide 
infra. S. Konno, A. Hayes and W. J. Diederiehs, J. A. Jones, and T. Murakami 
studied the effect of the rate of cooling, etc., on the A r arrest. B. Kjerrman found 
that in the absence of manganese, or other alloying element, the Ae^ -arrest occurred 
at a definite temp, or over a very small range. Anomalies were attributed to the 
presence of non- metallic inclusions— thus, manganese depressed the beginning of 
the pearlite interval, and widened the range ; silicon raised the interval and extended 
it. In a silicon manganese steel the interval was doubled. Heat treatment 
tending towards homogeneity of structure reduced the range caused by manganese, 
but did not affect the range caused by silicon. The effect of these two elements 
is explained on the assumption that at the same temp, manganese is more 
and silicon is less soluble in austenite than in ferrite. Phosphorus behaves 
like silicon. 

The Appoint. — This arrest does not occur with iron alone ; but it resembles 
in many respects the A 2 - transformation with iron alone. It begins at 215° to 
200" on the cooling curve and extends 50° to 60° downwards. It ends at 215° on 
the heating curve. Heat is evolved on cooling and absorbed on heating through 
this point. Above 205° cementite is paramagnetic. The A 0 -arrest represents 
the beginning of the transformation of cementite from a paramagnetic to a ferro- 
magnetic state, or conversely, 8. Curie showed that thi*s reversible transformation 
occurs at about 200 rt in iron-carbon alloys. No change was observed by F. Wcver 
in the space-lattice of the crystals as the alloy passes through this critical temp. 
This A 0 -arrest was observed by S. Wologdine, and studied by P. Dcjcan, 
S. W. J. Smith and J. Guild, P. Chevenard, and K. Honda and H. Takagi, who 
placed it at 210°, while T. Ishiwara, and I. Iitaka placed it at 215°. M. G. Morris 
and II. Scott found changes occurring in the sp. ht. in pearlitic and in high-carbon 
steels at thiB temp. The actual point depended on the rate of heating and the 
carbon content, both of which raised the thermal point ; the Ac 2 -arrest occurred 
at 191° to 207 c , and the Ar 0 -arrcst, at 199° to 205°. I. Iitaka observed that with 
the electrical resislance, singularities occurred corresponding with the Ac 0 -arrest 
at 195° to 212°, and the Ar 0 -arrest at 192° to 200°. G. Tammann and K. Ewig 
found that the A 0 -arre8t occurs at room temp, when 0*5 per cent, of boron or 
10 per cent, of manganese is present. Both the, so substances dissolve in the 
carbide, whoreus substances like gold which dissolve in iron alone, but not in the 
carbide, do not affect the A 0 -arrest of steels— vide infra , cementite. K. Tamaru 



IRON 813 

found that the magnitude of the A^-transformation, when observed magnetically, 
depends on the form of the cementite. 

Other critical temperatures. -Quit** a number of observers have reported 
critical changes in different physical properties of iron at temp, below 400°. For 
example, G. Borelius and F. Gunncson, 2 and (}. Belloc observed critical temp, in 
the rate of removal of occluded hydrogen and nitrogen ; and W. C. Roberts-Austen 
noted an anomaly due to the presence of hydrogen ; .1. H. Andrew and co-workers 
observed thermal changes at C0° to 150' ; and H. C. H. Carpenter and 
B. F. E. Keeling, an anomaly at C16°. G. Sirovieh showed that at about 370° 
the A 0 -arrest corresponds with a polymorphic transformation of a 2 -iron ; a,-Fe 
T^a^-Fe. Both forms of a-iron have a characteristic coefficient of expansion. 
The Bureau of Standards could not verify G. Sirovich’s deductions other than to 
show that the X-radiograms indicated that near 370° there is a recrystallization 
of some amorphous metal; and H. S. Rawdon and co-workers attributed the 
effect to the reducing action of hydrogen on the contained iron oxide, and the 
recrystallization of the fine-grained iron so obtained. As indicated below, there is 
a minimum in the torsional elastic limit at about 370°, and a peak in the electrical 
conductivity curves at about 350°. B. D. Enlund, G. E. Svedelius, P. Chevenard, 
T. Matsushita and K. Nagasawa, G. Charpy and L. Grenet, 0. tirard, K. Honda, 
and K. Tamaru observed changes in the sp. vol. or sp. gr. at about 130° and about 
280 n ; .1. H. Andrew and co-workers observed an expansion at i\i)° to 150°. 
F. Robin reported singular points in the hardness at 100° and 250° ; F. Fettweiss, 
and K. Tamaru, at about 600°. E. G. Herbert, D. Smith, and I. Hey, and 
S. 8. Vanick and T. H. Wickenden observed critical points in the work-hardening 
of iron at different temp., and in the annealing temp, and hardness curves. 
M. lshimoto measured the viscosity or internal friction of iron from the damping 
of vibrations at different temp., and found a minimum in the curve at 65°, a 
maximum at 170° to 183°, and a break at 200°. The hardness curves were found 
to be parallel with those of the interna] fraction. C. E. Guye and 8. Miulz found 
singularities in the viscosity of wires at 180° and 24(r ; G. Wertheim, in the 
velocity of sound in wires at 100° ; and G. Chrystal, and F. Robin, in the acoustic 
properties at 120° and 250°. F. Robin suggested that the singularity in the 
acoustic tests of iron between 100° and 250° shows ihnt a-iron really exists in two 
forms, aj-iron and a 2 -iron. As indicated above, the A 2 -arrest sometimes shows a 
double ]>eak on the curve. The cause is not clear. It is not to be confused with 
the splitting of the A r arrest discussed later. M. le Blant observed discontinuities 
in llie tensile elastic limit at 100°, and between 250° and 3 OO tJ -though F. Robin 
dues not think this test of much importance, but he concluded that, in general, 
static* stresses indicate a point of transformation between J00 and 250°, and 
dynamic stresses, between 300° and 450° ; F. 0. Jjea and O. H. (Vowther, in the 
maximum tensile strength and yield point at *100 1 ; F. (\ Tjea, in the tensile strength 
of armco iron since there is a maximum at 230°, and m the elongation there is 
a maximum at 350° and a minimum in the tensile elastic limit at 230°; and in 
mild steel, in the torsional rigidity modulus at 120 ,J and 230°. 0. Reinhold, 

H. J. French, Z. Jeffries, K. Honda, and T. Jnokuty also observed a maximum 
between 200° and 300°. A. Guffey and F. G. Thompson found critical points 
in the torsional elastic limit at 70 tJ , 120\ 170", 230 r ’, 290°, and 310° and 350°. 
E. L. Dupuy found that a maximum in tlio tensile strength occurs at 250 J and 
a minimum in the reduction of area at 250° with 0-15 per cent, carbon steels, 
but this rises to 330° with 0*91 and 1*25 per cent, carbon — but m these two 
high-carbon steels no minimum was observed in the reduction of area ; G. Charpy, 
R. H. Greaves and J. A. Jones, and L. Guillet and L. P. M. Revillon noted one 
in the notched-bar brittleness at 100° to 150 J . 

K. Honda, and K. Honda and H. Takagi observed a thermal change between 
130° and 215°, and between 220° and 280° ; K. Gebhard and co-workers, a break 
at 860° ; A. Perrier and F. W offers observed a break in Ike heating curve at. 113'; 
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and H. G. Movius and H. Scott, at 120°, 140°, 100°, and 200°; C. Benedicks 
observed a break in the thermal expansion curve at 830° ; and he thought that 
thi« supported the singularity observed by P. Weiss and O. Foex in the magnetic 
curves (tf.r.). F. C. Thompson, J. H. Andrews and co-workers observed an 
expansion between GO 11 and 150° ; and R. Ariano, A. Noucl F. Robin, G. Sirovioh, 
and J. Drieson also observed breaks in the expansion curve. The results were 
criticized by F. Rapatz, and H. S. Rawdon and co-workers. A. Perrier and 
F. Wolfors, and J. Maydel found many irregularities in the heat capacity curves 
— e.q. one at 800° and one at 1100° ; J. A. Harker, and J. Pinnclion, in the sp. ht. 
at 320 ; P. OberhoiTer, at 320° : W. H. Dearden, at 115°; N. Stacker, at 200°, 
250", and 300' : and E. II. and E. Griffiths, at 6G<\ 

P. Saldau observed breaks in the electrical resistance curves. W. Bronicwsky 
found a slight bend in the electrical resistance curve at 850°, as well as at 750° 
and at 950 \ B. J). Enluml, in the electrical resistance at. about 100 ,J and 250"; 
K. Honda, at about 130 and 280 ; and J. FL. Andrew and co-workers, between 
60° and 150" ; F. (\ Thompson and E. Whitehead, in the electrical resistance and 
thermoelectric force against platinum at 55°, 100 n , 120°, 140°, 220°, 245°, etc. ; 
A. GoiTey and F. C. Thompson, in the electrical resistance at 70°, 120", 170°, 230", 
290°, 310 fJ , and 350°; G. Borelius and F. Gnnneson, G. Borelius, G. Belloc, ami 
W. llencus, in the thermoelectric force (q.v.) ; D. K. Morris, in the magnetic 
properties at 150°; K. Honda, at about 130" and 2S0 f ; W. H. Dearden and 
C. Benedicks, at 120°; J. H. Andrew and co-workers, between 50 3 and 150 ; 
(\ Maurain, at 180° and 300° ; and S. R. Koget, ut 135" ; F. V. Thompson, at 
H30 L ; and S. AV. J. Smith, and K. Honda and H. Takagi, in the magnetic per- 
meability of white and grey cast iron and high-carbon steel — a change commenced 
at about 160° and was completed at 215° on heating, and on cooling it started at 
215" and finished at 160° ; the magnitude of Ihe change was roughly proportional 
to the percentage of free cemcntite ; the temp, of 160° varied with the strength of 
the magnetizing field. R. Forrcr and J. Schneider observed that the forms of iron 
produced by annealing the quenched metal at 200" to 400', and at 450 3 to 900 \ 
have different magnetic properties, and he accordingly supposed that iron exists 
in two forms, both stable at ordinary temp. 

The cauHC of these low tc*mp. changes is unknown ; (J. Benedicks, and Z. Jeffries 
suggested that they are due to allotropic transformations, although (\ Benedicks 
showed that a definite temp, may not be necessary for one clement to change into 
another, ami he assumed that an allotropic change begins at about 100° and 
extends up to about 400°. It is, however, not clear whether a number of distinct 
changes occur, or whether the phenomena are the result of one long continuous 
process. Changes at 100 ’ and 200 J arc due to the carbide or cementitc, because 
they are not present when carbide is absent — vide supra. The magnetic trans- 
formations are discussed in connection with magnetism — vide infra . K. Honda 
attributed the change at about 130° to the decomposition of martensite whereby 
cementitc is precipitated, but later showed that it is more probably due to the 
change of a- into jS-martcnsite ; the precipitation of cementitc from martensite 
occurs between 220° and 280°. A satisfactory explanation for the other singular 
points on the curves is not known ; some of the singularities are due to secondary 
actions- vide supra for effects due to occluded gases. 

G. Borelius and F. Gunnoson obtained such a number of singular points that 
they arranged them in groups about a central one--- e.g. the Z-changes included the 
singularities Z 3 , Z 4 , Z 6 , . . . They considered that there is a periodicity about 
these points, and they give an expression connecting the temp., T, with the 
numerical suffix, n, of the point ; thus, for iron, T n --97 n , where n ranges from 
3 to 12. It is assumed that the Z-changes occur when the number of atoms, r“ l , 
bearing a number of energy quanta equal to or greater than the numerical suffix 
of the change, n, is one-fourth of the total. When one-fourth the atoms have their 
respective number of quanta increased by one, a Z-changc occurs. The hypothesis 
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w arbitrary, and is riot based on known facts. 0. AurJiy attempted to explain 
the diffcinmt properties of the iron-carbon alloys on the assumption tluit different 
forrated carbides are involved in the various states. 

A. Coffey and K. (\ Thompson consider that the changes are infra not inter- 
atomic or inter molecular , and tlmt they are produced by alterations in the 
arrangements or movement of the electrons about the positive nucleus of the 
atom, and arc closely connected with the characteristic vibration frequency of 
the atom. Indeed, it can be shown that a doorcase in the frequency of vibration 
of the iron atom in the neighbourhood of .KM)’ can bring about (i) an abrupt rise 
in tlxo electrical resistance, (ii) u full m the bulk and rigidity modulus am/ (ni) an 
abrupt rise in the sp lit. at constant vol If the effects are due to clnuu'ea in flio 
structure of the iron atom, it follows that the* iron atom must be in a very unstable 
state. The magnetic property of iron may bo due to a peculiar clectiomc arrange- 
ment which is voiy unstable with respect to changes oi temp. 
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§ 15. The Constituents ol the Iron-Carbon Alloys 

It was out ( postulated l>i ch< mists as axioimtie tluit <c the pirtules of a solid 
aie incapable of fundimuitd ^adjustment thev art loo Timidly braced together 
Their mutual bonds aie too dost to permit the necessary shift mgs * Tin (on 
verse proposition describes exactly an oxtraorclinan \ irietv of changes dependi nt 
on atomic movements and roan an ge merits, which lake p]jcc in tlie iron carbon 
allerys while 1hr> are in the solid stite Ihue .in \ u ions forms of the solid 
soln of carbide or cement ite in non which c in he mote oi less fixed it oidmuv 
temp }>> the abmpt c lulling nr quenching of the. dloy from puticuln t< nip 
J M Robe it son 1 discussed the elite t of variations m the lat of cooling on tlu 
sliueturc of steel and gc nn d obse nations on the mir rostiiuture were mule bv 
I K How uel ^ Suuveui ind II ( Boynton I 1 Kessler R \<hm \ Bineke 
(t Delbait IT M Hmlstnn B A hihott J Boitrux 1 Mite lull and luminous 
of he rs indie ited below ( olle ctnms of photoniicrogi iphs weie m ulc b\ J] I lb e ef 
and II ilanemann mel A »Se In icier 

As indicated abe»vc i solid soln of non tutic.ubidc or cimentite m y lion w is 
uillrdb> F. Osmond austenite— ifttr AV t Roberts \usten ( Be nc die ks reg uded 
uislenite a i supeic oolc cl solid soln and (he sul jec t whs disc usse d by O 11 Ilmlei 
and R 1 Dowdell and J II Mhiteky r l lie i e tu two oppismg hvpdluses 
as to the stite e)t Ihe e ul on in solid soln m mstemte m one / Icflncs 

and H S \nhe r the solute is supposed to l>e e it! c n intent itie dl> loe iteel in 

tin fue e e ntied lattice eifynon ind in the otlier A Sim nil i solid >oln e»f 

(diientite J\ myirem Fins ignis with C 1* ^ i)i s tlninie d\n nine il tudv 

of the vstein but in e t pt run* hUuh tntn< has nevt bteT devised Ihe f u t tint 
e< me ntite e rv stallize s due « th fiom flic iu stem te solid edn win n it is ehille d does 
not prove tint cimentite existed pieviously to anv jrc it extent m flit solid soln 
1 M Robe it son anel Z b (Tjh > and R >S Are lier hold that in uiste inti, cc me ntite 
is not in soln as such ind the evidence is b Nil cm the iclitnm between tlie si/t 
of the cc me ntite molecule and of llu mm atom It is 1 nown tint e irbon diliusfs 
in austenite it un apprembh late mil one sc hod believe tint it is not IdiJv 
that with the relative H hige molecules of cemrntiie wline c ich itom ed e ubon 
is lei ulc il with three atom of iron the embon e in difluse e isily through the littice 
of ^ non wheie is it is thought Hut the lehttvel} null e irbon items should be 

able to do it e isil> ( uhnii diflusion howevei mi\ be elm te e sin dl pf ic e nt ige 

eliHHoc i it ion of mnentite when eementite eaincs the nnj u ponion of the e uhem 
m austenite ( emscajnentlv the general opiuion )> isc el on (Jn \i \ uhJvms, 
etc b> d J1 Andrew A Wcstgren A V\ estgre n and U Phr igrue i / b Mins 

and R S \ie he i F H Jcfhiy,and h. ( Run ts tint institute is a di 1 soln 

(jf carbon in yiron On the otliu band, Jl A Schwartz iddcet tint m view of 
(» (\suios statement tbit molten lion is i soln of the tutu libido in non md 
that e ementite sepaiatis from the frozen soln onfmtlui cooling it i doubtful if 
austenite can be i soln of fm iaibon ns such r Jhc \ iadiogi un of S Shimui i 
led him to conclude that the cubon is pnsent in usicuite in tlu foim of in nil d 
atoms-c.M/c ivfta , and fi S i to tone] nded that the space lattice s of epic nc hod steel 
and of carbon in soln is e irbon or as c ementite aie all the same AV lit n i 
quenched steel it> tenipcicd al 31)0°, wmentite is liberate! anel eb composed into uon 
and eaibon In hjpcrcutoctoid sit els a similar dt composition of the c finch oe c uis 
above the A(j arrest 
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The equilibrium diagrams show that austenite may contain any proportion of 
carbon from a trace up to 1-7 or maybe 2-0 per cent Austenite with the higher 
pioportion is said to be saturated with carbon Steels usually contain less than 
1*7 per cent of carbon, so that the austenite in such steels is unsaturated, but cast 
iron has generally more than 1 7 per cent of carbon, and in such cases the austenite 
is always saturated H M Howe called a soln of y iron with 1-7 per cent of 
carbon auhtcntnd Austenite is stable within the region bounded by the lines 
GA 4 A 3 NE in the equilibrium diagram of the non carbon alln\s, Fig 97 As the 
alloy passes from the y to the a state it deposits ceinentite, for the resulting 
a iron dissolves only about 0 05 per cent In consequence, as iron changes from 
y state to the j8 a Htate the piogicssive lowc ring of the temp of the transformation 
is represented by the hue as the proportion of carbon increases from a trace 
to 0 85 or 0 9 per cent , and with 0 85 to 1-70 per cent carbon the temp of the 
allotropic change is constant, and is ropiesonted by the line SK In no case js 
the austenite stable below tho temp represented by SK, and it is therefoic not 
stable at atm temp , although it is possible to prevent almost the whole of the 
austenite from being tiansfornied by a very rapid quenching of a higlicaibon 
steel 


The austenite obtained by quenching iron carbon steel is always accompanied 
bv some martensite- vide infra Thus, J \ Mathews found that some 1 austenite 
always escapes < onversion to martc nsite m the hardening of medium oi high c arbon 
steels , and in the case of alloy steels, more escapes conversion after oil quenching 
than after the water que nc hmg II Scott, A Baykoff, L Guillet, M A (hoss 
mann, W J Kurbatolt, and R Hemdlhofer and F L Wright also o1mi\m 1 that 
austenite persists m high-' arbon steeds, and B I) En lurid, in low carbon sleols 
The austenite that escapes conveision is called nfainui austuuU ,1 A Malliows 
showed that the retained austenite is a contributing cause to the increased poi 
mancnce of retentivity of permanent magnetic steels, and m 
^ -I T~1 “P] many alloy steels not used for permanent magnets When 

3 / / A L some metals are alloyed with the iron — say 14 p<r cent of 

S! /q \ _ manganese or 25 per cenl of nit kel- the transformation tt inp 

^ of y iron is lowered to atm temp or less Hence, auhtiniti 

p i \ N J alone can be obtained under these conditions An just lniti- 

~ 0 * f0 toXMn c^ted, austenite alone cannot be produced m carbon steels by 

Fig 90 — 7 ho pro quenching, but this stiucture can be obtained in the presence 
portions ot Man of a ceitain proportion of manganese K Tamaru gave Fig 99 
gano^nd Carbon b how the relative proportions of carbon and manganese 
diK^Austemte”!!} required to obtain the austenitic structure by quenching steel 
Water quern lung in water When only a trace of oarbon is present, over 16 per 
cent of manganese is required, whereas with 2 per cent of 
carbon, 5 per cent of manganese suffices Since austenite is paiamagnetic and 
the othci stiuctures tire ferromagnetic, the puuty of austenite can be detected 
by a magnetometer For the transformation of austenite to martensite, troostite, 
and peailite- vide infra 

Undei the microscope austenite appears as a mass of white, polyhedral grams 
Fig 100, by F T Sisco, represents a photograph of austenite The carbon of 
austenite makes no lines m the X i&diogram, and this means that the carbon is 
present either in random positions scattered through the lattice, or else it displaces 
random iron atoms m the lattice A. Westgren and co-workers observed that the 
X-iadiogram of austenite, like that of y-iron, corresponds with a face-centred 
cubit lattice whilst the side of the cubic lattice of y iron is a— 3-60 A at 1100 1 , 
and 3-68 A at 1425 f , the value of a foi austenitic steel with 0*24 per cent of carbon, 
quenched from 1000° in water, is 3 5b A , and with 1 18 per cent carbon steel, 
3*64 A Consequently, unlike feinlc, the meshes of the y-iron lattice of austenite 
are widened by the dissolved carbon K Honda and S Sekito found the lattice 
constant a— 3*596 A. for steel with 0*202 per cent carbon , 3*604 A for 0 508 per 



IRON 


821 


cent carbon; and 3-607 A for 1-075 per cent carbon It is inferred that the solid 
floln jh not formed by the simple substitution of the metal atoms in the lattice 
by carbon atoms, but that the carbon atoms an distnbutcd v fording to the laws 
of probability within the lattice m the interstices between the metal atoms wlu< h 
occupy all the points of the face centred lattice This also agrees with F Wever 
and P RuttenH* studies on manganese steels, etc 0 E Harder and It L lJowdell 
made observations on the X radiograms of austenite 

N Seljakoff and co worken found the sp \ol of austenite mci eased with 
increasing proportions of c arbon , and F Wev< r made obst rvat ions on this sul»]ei t 
with manganese steels K Honda and S S<kito represented the sp \oI of 
austenite by v 01257 fOOOOSC, where (' denotes thi |Hicenlagc amount of 
carbon They observed for the sp vol 

Carbon 0 202 0 39fi 0 5US 0(102 0 73 0 H i r » l Ol 1 075 portent 

Sp vol, 0 1257 0 1200 0 J259 0 1250 0 1259 0 1259 0 1200 0 1259 

Austenite is comparatively soft being but slightly harder thin Unite 

According to H C Boynton, the hardness of uustemte ih l 06 when th it of ferrite 



J ion 1 00 und 101 - Auhtcmto (munh in httel ( x 500) — after 1 1 Sihio and in Manganese 

Steel ( ^ 50) alter A Sam our 

is unity ud( uifia hardness K Tamaru gave 155 for liiuulls hardness 
Austeniti is non magnetic II ilanrmann siul that the austenite in slid is 
isotropic 

It has been shown 1. 11, 4— that as the molten metal solidifies it first lssiimes 
a cellulai sliuetuic La fluoric ccllulaire d< 1 aim was disc iissi d by F Osmond 
and J Wcrth Crystallization starts about numerous nuclei, and the uyMals 
grow m three dimensions until arrested by neighbouring giouths The glowing 
crystals are sociowdcd that there is not sufficient space for them to develop (hen 
regular ciystal foim m consequence, a compact mass of nrtgulnh shaped 
crystals is formed The polyhedral cr)stallme grams, or simple giains, malo the 
metal appear as if it had been built up in the form of a mosaic with iircgululy 
shaped stones No subsequent treatment is able to destroy this compute ly 
because the impurities, which accumulated at the surfaces separating the giains 
as they are formed, always remain in nl u As indicated below, if the atul is luld 
for a long penod at a temp above the critical range, the austenite grains grow m 
size If two adjacent giains have the same onentation, the houndnrv may di*- 
appear, and the two grams may meige into one W J Brooke and F F Hunting 
found that armeo iron (99 SI per cent Fe) or Swedish non (0 01 per mit ( ) on 
cooling passes through a brittle range between 900 and H00 Imt not dining 
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heating. A eutectic or eutectoid structure appears in the metal quenched from 
between these temp., lmt is absent from metal quenched from above or below 
the brittle range. This constituent resembles pearlitc in structure, but is not 
related to the carbon content, and is independent of the proportion of oxide in 
the iron. 

J. 0. Arnold eiiticized the existence of un austenite as defined above; and 
W. H. Hatfield proposed that the term austenite be employed for the saturated 
matrix on passing the Ac A -arrest when a further absorption of the carbide of super- 
saturation has begun. The theory of labile and mctastable soln.— -1. 9, 0 -was 
applied to the primary crystallization of austenite by A. F. Hallimond. 

Austenite occ urs in supersaturated iron -carbon alloys at high temp, in the constituent 
hanlcnitc, sometimes named martensite, when it has, at liigh temp., increased its carbon 
percentage by its solvent action on the neighbouring carbide. It denominates that j portion 
of a heat-treated moss which changes in composition with each variation in temp, above 
the point of diffusion of rarbidc in hardenite. 

As previously indicated, H. A. Schwartz applied the term Ijoydenite to Btable 
solid soln. of carbon and iron in contradistinction to the term austenite for the 
inetustable solid soln. of cemcntite or carbon in austenite, or the term may be used 
without implication as to the nature of the solute. In boydenite, the carbon atom is 
supposed to replace one of the iron atoms in the face-centred lattice, whereas in 
austenite the carbon atoms arc supposed to be scattered in the interstices of the 
lattice. The evidence for the metallographic individuality of boydenite is not 
conclusive. H. A. Schwartz holds that the stable and mctastable systems of bov- 
dcnito and austenite differ in the maximum carbon concentration at a given temp , 
anil also fur a given cone, of carbon in their electrical resistance, and in the loon 
tion of the A r and A 2 -arrests. In view of A. Wostgrcn and G. Phragmen’s, and 
F. Wcver's demonstrations (vide infra) that, in austenite the carbon atom is located 
within the crystal cell or space-lattice and does not occupy any position normally 
belonging to the iron-atoms, H. A Schwartz examined the hypothesis that in 
the solid soln. of carbon in iron known as austenite, the carbon is additive in the 
space-lattice, and substitutional in boydenite With an altered lattice parameter, 
in the fonnor case, the density of the austenitic solid soln. will increase, because the 
carbon atom will add to the mass of the soln. but not to the vul., whereas with the 
boydenite solid soln. the density will decrease with increasing carbon content, because 
the carlxin atom is higher than the iron atom whose place it occupies. 
H. A. Schwartz made estimates from known data and calculated 7*535 for the sp. gr. 
of austenite, and 7*393 for that of boydenite at 9()O n . 

The further discussion of austenite is associated with that of martensite, so 
named after A. Martens by F. Osmond. According to F. Osmond, martensite is 
best formed when a steel containing 0*2 to 0-8 per cent, of carbon is cooled from above 
the temp, of the A 3 -arrest slowly to the A 2 -arrest and then suddenly quenched in a 
freezing mixture at - 20°, so as tu prevent the splitting up of the austenile into 
pearlite, but not rapidly enough to preserve the austenite in its unchanged state*. 
According to F. Osmond, and H. Hanemann, martensite can also be produced by 
immersing austenitic steel in liquid air. As indicated above, some auBtcnite escapes 
conversion during quenching ; thus K. Tamaru found that steel with 071 per cent, 
of carbon, quenched from 802°, retains 10 per cent, of austenite ; steel with 1-19 per 
cent, of carbon, quenched from 855°, retains 15 per cent. ; and Rteel with 1-48 per 
cent, of carbon, quenched from 980°, retains 20 per cent, of austenite. The subject 
was discussed by J. M. Robertson, and by 0. E. Harder and R. L. Dowdell in 
their memoir : The Decomposition of the Austenitic Structure in Steels (Minneapolis, 
1927). 

The decomposition of austenite on quenching .- 0. E. Harder ami R. L. Dowdell 
found that in order to preserve a large proportion of austenite at Loom temp, a high- 
carbon steel, and preferably un alloy steel, should lie used ; an oil-qucnch from a high 
initial temp, will produce more austenite than a more drastic water-quench at the 



IRON 


823 


same temp, E. Sclicil, for instance, obtained tho results indicated in Fig. 102 with 
steels containing 0*93 and 1-05 per cent. of carbon respectively e/t/c Ih/hi, pearl i to. 
Tho slower tho cooling, the greater the pinpnrt wm of retained austenite This has 
also been established by the sunk ot J. A. Alai hews, W. .1. Crook and II S. Taylor? 
W. Ischew'sky, 1) J Me Ada in, E Mess, It. Ruei, A. Hayes and co-workers, 
0. E. Hurder and R. L. Dowdell, E. C. l>dm and \V. N. S. Waring, J. M. Robert son, 
E. Scheil, K. Tamaiu and 8. Sckito, and K Honda ami A. Osawa. If large nr small 
sections are quenched from a high temp., they will contain 
more austenite than if quenched from a lower temp. At 
high tern}), larger austenite grains are produced The larger 
austenite grains have a greater stability than the smaller 
ones, and it has been observed that the slip-lines or needles 
produced in a coarse-grained structure are longer and wider, 
which results in a coarser martensitic slim lure and gives 
the appearance of a smaller amount of martensite. The 
stability of the large grains produced at high temp, is 
further increased in steels containing an eveess of carbides 
by the larger amount of carbon taken into soln. in the 
austenite. While the maximum temp dillorence between 
the outside and the inside must be greater in quenching 
from the higher temp , and the resulting stress greater, the 
greater the si ability of the more concentrated austenite 
and the larger grain nxe. Also, a given amount of stress 
may be expected to produce lower slip-lines in a coarse structure than in a tine- 
grained stiucture. E. Maurer observed that on cooling, austenite pusses into 
martensite which is different from the martensite produced by tempering. 
II Hanemann found thul when a poition of a quenched 1-71) per cent, carbon 
steel with ()■() per cent, manganese was immersed in liquid air and etched, some 
needles appemed daiker and some lighter ilnin the ground-mass of austenite, while 
the portion net submerged showed only dark needles. The dark needles were m a 
tempered condition, and they etched below the surface of the austenite, whilst 
the whitish, light blue needlcH w T cre in relief in the light yellow ground mass 
of austenite. The light-coloured needles of martensite formed by immersing 
austenite in liquid air are similar to those formed by ordinary quenching, 
because the martensite separates out in the Widmanstatten pattern along the 
octahedral slip planes of the austenite. There is a decrease of approximately 0-1 
in the sp. gi. after various specimens had been immersed in liquid oxygen , and tho 
decrease in sp. gr. was attributed to the formation of martensite. When tho 
martensite needles produced in liquid air are tempered, their carbon content is less 
than that of the mother austenite. When a steel with 1 -5 per cent of carbon and 
0*3 per cent, of manganese is quenched liom 1050° to 1200°, the martensite pre- 
dominates near the edges. K. Honda and A. Osawa found that tho proportion of 
austenite retained in the outer layers of a specimen is greutei than in the inner part 
by an amount which increases with rise of quenching temp, and with the proportion 
of carbon. 

According to K. Sdirotcr, a steel containing 1*89 per cent, of carbon and 2*22 
per cent, of manganese on immersion in liquid air together with a small magnet is 
seized by the magnet shortly after immersion. Measurements of the magnetic 
saturation gave : 1070 gauss for a water-quenched specimen before immersion in 
liquid air, and 11,380 gauss after immersion ; while an oibqiicnchul specimen gave 
the respective values 2410 and 14,070 gauss. Similar results were obtained with 
& 25 per cent, nickel steel. U. Tammann and E. Schcil observed that in pooling 
hardened steel from 20 u to - 150° the austenite begins to change into martensite 
at about - 20°, and the conversion continues down to -150°. The change is greater 
near the surface than within the mass, probably because high internal stresses exert 
a retarding influence. 
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D, Levin observed that if a 0-8 per cent, rnrbou steel be quenched in a molten 
salt bath at 232 n , austenite is produced, which is comparatively stable for, say, 5 mins., 
and which will convert to martensite on cooling. The cooling nuiy bo slow or rapid 
without affecting the final hardness- G7>0 on BrincH’s scale., When the austenite 
in a 0-8 per cent, carbon steel decomposes below 232°, the reaction is rapid, and the 
product is hard martensite ; above this temp., up to, say, 31(>°, the decomposition is 
comparatively slow and it is not completed in b mins. The product has the appear- 
ance of martensite, and its hardness is low . It is thought that below r 232° crystalliza- 
tion takes place from a labile stnte, and above that temp, from a metnstable state — 
vide 1 . 9, 6. E. S. Davenport and K. V. Rain found that the transformation of aus- 
tenite in carbon steels is most rapid at about MO ’ ; below this temp, the time required 
for the transformation increases rapidly. In the range from Ac a to 500° the time 
of transformation decreases with increasing nr decreasing proportions of carbon, as 
the steel departs from the eutcetoidal composition. The presence of manganese 
retards the transformation ; and likewise tilso a small proportion of chromium. 
As a rule, the lower the temp, of transformation the greater the hardness. Accord- 
ing to S. Shimura, the carbon in austenite is present as neutral atoms, but takes on 
the configuration of cementitc with neighbouring ferrite atoms as the austenite 
changes to martensite, and segregates out, as cementitc at the A p transformation 
point. The metastable carbon in a-iron — with less than 0 03 per rent, carbon-- also 
takes on the cementitc arrangement. 

K. Honda and S. Idei, C. Benedicks, and E. (\ Bain reported the spontaneous 
formation of martensite from austenite at room temp. ; and 11. Ilunemann and 
A. Schrader observed that after a rapidly quenched and polished steel with 1-52 per 
cent, carbon has stood at room temp, for a short time, martensite appeared here 
and there in relief on the specimen. C. F. Brush and co- workers observed that in 
the ageing of martensitic steels at room temp, there is a contraction of about 
0*0848 per cent, by vol., and an evolution of heat which reaches a maximum in 
about 9 or 10 days after the water-quenching at the higher critical temp A carbon 
steel quenched from the upper critical temp, gave off 404 cals, per gram during 
ageing at room temp.- vide infra. A. Meuthen found I hat the heat of the A 3 - 
transformation is 5-6 cals, per gram, and N. Yamada, that /nr a eutcetoidal si eel 
the heat of the transformation from austenite to martensite is 5-7 cals, per gram. 
The heat of allotropic transformation of austenite to pearlite obi allied by 
A. Meuthen, and the heat of transformation of austenite to martensite, and o! 
martensite to pearlite obtained by N. Yamada, are as follow : 


Carbon 

0*88 

0-52 


0-70 

1-30 

1 -74 per cent. 

Aufit. to pearlite . 

K-8 

y *2 

115 

12-4 

14-h 

13-0 euls. 

Auflt. to martensite 

2*4 

3-3 

4 1 

4-4 

5*3 

4 8 cuJh, 

Mart, to pearlite 

44 

0-9 

7-4 

8-0 

9 5 

8-8 cals. 


The results show that the heats of the allotropic transformations increase linearly 
with the proportion of carbon — vide infra, the thermal properties of mm. K. Honda 
Btated that the first change of the Aj-transforinaliuii is really the Ag-lransf urinal ion, 
and hence the heat of the transformation of austenite to martensite must be equal to 
that of the A a -transfoTmation with pure iron, with a small allowance for the dis- 
solved carbon atoms. A. Schneider, however, found that the heat change during 
the formation of martensite by quenching is less than that which occurs at the 
Ar^ g, 3 -arrest. This is due to the fact that a residuum of austenite escapes con- 
version during quenching, and none of the exothermal reactions, at the Ar x , 2,3- 
transition temp., is completed. H. 8. Rawdon and 8. Epstein stated that the 
grain-size of martensite is almost entirely determined by the quenching temp. ; 
and J. II. Whiteley added that the size of the martensite crystallites increases with 
the size of the grains from which they are formed. 

I\ Dejeoii, and P. ('hevenard observed that the Ar A -arrest is lowered to 300 J 
or less when a high-carbon steel is rapidly quenched— ride infra. A. M. Porto vin 
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and M. Garvin called thin tlie Ar'-arrest, and supposed tlmt it represents the 
transformation of austenite to martensite, a change which is accompanied by an 
evolution of licat and an increase in vol. In the quenching ol eutectoidal steels 
the rate of cooling required to retain the martensite is less drastic than is the case 
for hypo- or hvpcreutcctoidal steels. The mtical rate for a steel with 1-07 per 
cent, of carbon and 0*08 per cent, of manganese was found to be 6*9 seconds for 
cooling from 700° to 200° ; with a slower rate of cooling a critical point, the Ar'- 
arrest, occurred at about 050°, and the core of specimens over 14 mm. diameter 
contained trooslite ; while with a faster late of cooling the Ar"-arrest, smaller m 
magnitude than the Ar'-arrcst, occurred at 300' , and the alloy contained coarse 
white needles of martensite in a matrix of austenite. J. A. Mathews observed that 
with a series of alloy steels the magnetic hardness or coercive force is greater 
after oil-quenching than after water-quenching, and conversely with the scleroscopic 
hardness. This indicates that more austenite is converted to martensite after water- 
quenching than after oil-quenching. The sp. gi., for instance, was smaller after 
water-quenching than after oil quenching H. Siott also noted that an increase 
in the proportion of austenite was observed by cooling the steel first in oil down to a 
little above the Ar"-arrest, and then in air to the luoni temp. K. Heindlhofer and 
F. L. Wright found that the sp. gr. of steels with 0-55 to 0-71 per cent, of chromium 
and 0-98 to 1-06 per cent, of carbon was lower with a quenching temp, of t> 1 .1° to 
950° than with a quenching temp, of 800° to 865°. Also oil-quenchings from 865 u 
to 950 u gave products with the respective sp. gr. 7*790 and 7*760, while water- 
quenchings from 800 c to 915‘ gave products with sp. gr 7*755 and 7*715 respectively. 

Various theories attribute the hardening of steel vide infta — to the strains set 
up on quenching, and consequently some observations have been made on the 
i fleets of stieHs on the decomposition of austenite during quenching. C. Benedicks 
noticed that auytenite is not formed near the surface of quenched specimens heated 
in graphite to prevent oxidation. During the quenching in liquid air the trans- 
formation of austenite to martensite cannot go beyond a certum limit where the 
increase of press, due to the formation of the specifically lighter martensite would 
prevent the further transformation of the austenite If the outer edge of a quenched 
piece of 1*99 per cent carbon steel is giound ofl so as to relieve the stress, 
the austenite decomposes spontaneously to martensite m a few hours. O. E. Harder 
and R. L. Dowdell showed that in the drastic quenching of small-sized pieces of 
rnetal, when martensite is produced at the edges, the result is probably due to the 
greater difference in temp, existing between the outside and the centre, which should 
produce a higher tcnsional stress. This favours martensite formation because of 
the hk reaped vol. when martensite forms. During the fust stage of quenching the 
outside of the section must be in tension, which will produce a compression on the 
inside and tend to retain the austenite by preventing its expansion to martensite. 
Tlie absence of tensioiuil stress is ol more importance in the . 'tent ion of austenite 
at room temp, than is the (ompresdvc stress When quenched specimens are 
martensitic throughout, 0. E. Harder and K. L. Dowdell said : 

J ii the ti T Ht part of Iho cooling operation the surface must bo in tension and the core in 
compression, hut as the cooling continues the tension /.one progresses mw ard. As the outer 
zone produces martensite of a greater sp. vol. than tlie austenitic core it should lower the 
tension and gradually produce compression in the outer zone. The temp, of the core at 
the time tho case changes to martensite on quenching must bo considerabl\ lugher and as 
the core cools to ordinary temp, there is a shrinkage due to the normal den^ase in vol. 
with decrease in temp. This must play an important part in producing tension in the core. 
At this time the outer compressive zone musl bo balanced hj an equal tcnsional zone in 
tho interior of the Hjieeimon which will promote the formation of martensite. 

II. V. Wille cut three rings from a quenched steel with 0*41 per cent of carbon 
and 0*55 per cciit. manganese respectively 0*5, 1*625, and 2*75 ms from the surface, 
and found that they were under compression in the original piece, localise they 
expanded when cut off. He estimated that when the forging was quenched in 
watei at 21", the first ring vras under a compression of 42,600 lbs. per aq in., tho 
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second, 29,500, and the third, 16,500 ; and when quenched in oil, the first ring was 
under n mmpimuon of 42,300 lbs. per sq. in., the second. 16,800, and the third, 4500. 
lienee the internal stress developed by water-quenching is greater than with oil- 
quenching. W. Tafel said that owing to thermal changes, if a body of steel Ikj 
heated to a high temp., the stresses will be small, but if it lx> quenched, the core, 
having a greater sp. vol. than the colder shell, will be under compression, while the 
shell is under tension ; as the interior cools to the same temp, as the shell it will 
shrink, but since the shell has assumed a greater sp. vol. than normal, owing bo the 
formation of martensite, the stress gradient will reverse, leaving the shell in com- 
pression and the core in tension. Observations were also made by T. McL. Jasper, 
H. Scott, H, J. French and co-workers, (1 Tammann and E. Scheil, G. Kurdjumoff 
and E. Kaminsky, E. Maurer, W. H. Walker, F. Wever, and K. Honda and K. Twase. 
Since the transformation of austenite to martensite is attended by an increase in 
volume, it follows, in accordance with H. le Thatcher's principle (2. 18, 4). that the 
change will be hindered by compression and favoured by tension. This was 
established by C. Benedicks, ,7. Driesen, and E. Scheil. According to E. II. Schulz, 
the surface layers are cooled more rapidly than the core ami more martensite is 
formed than in the interior. An increase in the sp. vol. atteuds tlio transforma- 
tion of austenite to martensite, and the curve, Fig. 103, showing the decrease in the 
, sp. vol. as the distance from the surface of a bar of 

$ hardened steel increases, show T s that the compression in 

*§ 0-/2300 the chilling has hiudered the formation of martensite in 

^ aw* the interior. 0. E. Harder and R. L. Dowdell also 

£ 0-/2830 observed that when austenite-martensitic steels are 

^ 0-/2885 tempered under a transverse stress below their yield- 

v point, at temp, between 100° and 200', a permanent 
Fio. 103. Tho Speciiic net results ; the bar is longer on the tension side, 
Volume at Ihfferent Ris- w hi ( .h indicates that tcnsioual stress favours the change 

aBloekof Hard Stool with from the r to tlie a-fltatc. No difference m the micrn- 
1*72 per cent, of Carbon, structure on the tension and compression sides could 
be detected. The production of mart ensile from 
austenite by hammering at room temp, could not be detected, but prominent slip- 
lines are developed which are characteristically different from martensite needles. 
Characteristic martensite has been produced from austenite at room temp, by (ensile 
stress. It is very probable that all martensite is formed b)' n similar process in 
the normal hardening of tool steels but at a much more sudden and higher tensional 
stress. An austenitic specimen, which had l>cen previously deformed m tension, 
was caused to transform to martensite at about — 57°, while unstressed specimens 
were unchanged by this Bamc treatment. An austenitic specimen which had 
been deformed by hammering decomposed mom readily on heating than an 
unstressed specimen. Deformed austenite is rendered less stable on cooling or 
on heating. 

The cold deformation of austenitic steels was shown by J. H. Hall and 
G. R. Hanks to favour the transformation to martensite. The Brinell hardness of 


£ 0-/2830 
** 0-/2885 


Fig. 103. Tho Si>ociiic 
Volume at Different Dis- 
tances from the Surface of 
aHlookof Hard Stool with 
1*72 per cent, of Carbon. 



the surface of a steel with 11-0 per cent, manganese and 1-0 to 1-4 per cent, carbon 
increased from 190 to 450 during cold- working. The abrasion of the si eel produced 
by sawing also favours the y- to a-inversion ; and this transformation along the 
slip-lines of manganese steel was discussed by H. M. Howe. J. H. Wliiteley also 
reported the formation of zig-zag needles of martensite from a high-carbon austenitic 
steel by impact at room temp. ; and when the needles were tempered at 200°, 
troostite was formed. E. C. Bain also showed that cold- working greatly favoured 
the y- to a-inversion. K. Honda and K. lwase observed that quenched austenite 
can be transformed into martensite by cold-working. The internal stresses set up 
in a steel by quenching promote the transformation of austenite into martensite. 
Differences in the amount of austenite produced by oil- and water-quenching occur 
only with thick pieces and can be explained as an effect of internal stress. On 
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cooling quenched steels in liquid air, the retained austenite is transformed into 
mnrtcnsile ; the amount of transformation is less the thinner the specimens. 

The derom position of austenite by tempering. - II. I). Enlund observed that when 
martensite is tempered at about 100°, there is a considerable decrease in the sp. vol., 
and when austenite is tempered, there is a large increase iu the sp, vol. E. Scheil 
observed a break at 370 u in the cooling curve of austenite corresponding with the 
formation of martensite. In the formation of martensite by the tempering of 
austenite, between lf)0° and 250°, E. Maurer observed that the martensite begins to 
transform first, but the progress of the change is slower than the transformation 
of austenite to troostitc. H. Ilanemann agreed that martensite changes more 
easily than austenite on tempering. H. Scott and H. G. Movius found that the 
Iwginning, maximum, and end of the Ao 0 - arrest for u quenched 0-95 per cent, 
carbon steel are respectively 155°, 250°, and 200°, and that this arrest is raised 
by increasing the rate of heating. The Ac 0 - arrest is the thermal effect observed 
in tempering quenched steels, and with carbon steels it usually occuis at about 
200°. H. Hanemann observed that at 260 c to 280° the austenite begins to 
change to troostite at the already decomposed needles, which act as inoculation 
centres, and the change then proceeds from the grain boundaries inwards. The 
carbon content of the crystals of martensite is less than that of the mother austenite. 
H. 8. Raw don and S. Epstein also noted that the plates of martensite contain a 
smaller proportion of carbon than the intervening matrix. With steels containing 
0*07 to 1-12 per cent, of carbon, quenched between 750" and 1250°, the structural 
changes are slight when tempered below 21)0°, but above 250“ the martensite and 
austenite, when present, are transformed, so that the steels assume a granular 
structure, and react vigorously when etched with dil. acid. No specimen tempered 
between 100° and 650° showed a scleroscopic hardness greater than tip initial hard- 
ness produced by quenching. According to H. C. Boynton, the relative hardness of 
martensite is 2*39 when that of ferrite is unity — vide infra , hardness. J. II. Andrew 
and A. J. K. Honeyman observed that the change of martensite begins at 150°, 
and is uot completed in an hour at 360°. 11. von Jiiptner gave 7 070 for the sp. gr. 

of saturated martensite. According to C. Benedicks, the work of F. Osmond, 
H. le Chntelicr, and G. Obarpv and L. Grenct shows that the passage from austenite 
to martensite is accompanied by a considerable increase iu volume, and ho added 
that the resulting press, which is developed will prevent the transformation 
proceeding beyond a certain limit, when the increase of press, corresponding witli 
the increase in vol. will put a stop to the transformation of the y-crystals. In 
consequence, these crystals will be preserved as austenite al ordinary temp. 
H. Scott measured the sp. gr. and hardness of 1 7-8 per cent, tungsten steels quenched 
from 900°, 1060°, 1220°, and 1300°, and tempered cumulatively at intervals of 
200° for 15 mins. The sp. gr. of specimens quenched above 900° increased to a 
maximum between 200" and 400°, but specimens quenclud at 1220° and 1300° 
showed a marked decrease on tempering at 000°. Both the scleroscopic and Brmeirs 
hardnesses decreased at about 200°, and rapidly increased to a maximum at 600° ; 
above 600° the hardness decreased rapidly, probably owing to the coagulation of 
the carbide. The secondary hardness so developed is due to martensite produced 
by tempering the austenite. E. C. Bain and Z. Jeffries observed that when a 
quenched high-speed steel is tempered between 454° and 593°, the passage of 
austenite to martensite is accompanied by an expansion and an increase in hardness ; 
while above 593° the growths of ferrite grains and of the iron tungsten carbide 
particles rapidly produce a softening of the steel as is the ease with carbon steels. 
The stability of the carbon at a red-heat is attributed to the presence of the tungsten 
atoms which, because of their large size, are prevented from diffusing into the space- 
lattice of ferrite until the temp, exceeds redness. E. C. Bain found that steels 
with 1-70 to 2-22 per cent, of carbon and 6 09 to 15*65 per cent, of chromium were 
quite soft and almost entirely austenitic when quenched from about 1150°, but on 
tempering at 482° to 593° the steels were martensitized and developed a hardness 



828 


INORGANIC AND THEORETICAL CHEMISTRY 


nearly equal to that produced by quenching from a lower temp. The tempered 
specimens did not show the structure of martensite, but rather that of troostite. 
K. 0. Bain added that the cause of the easier retention of austenite in alloy steels 
is the stronger atomic bonding between unlike atoms which is necessary for any 
solid soln. Whether or not the product of the change of preserved austenite is 
martensite depends on the grain-growth in a-iron, and in the carbide. If the carbide 
precipitation precedes the allotropic change, as is usually the case, the product is 
very like troostite. O. E. Harder and R. L. Dowdell observed that tne decom- 
position temp, for austenite is always higher than for martensite in the same speci- 
men. The temp, range of the decomposition of austenite is as follows (the first 
ten results are due to E. C. Bain, and the remaining eight to 0. E. Harder 
and R. L. Dowdell) : 

Steel Composition (per rent ) Range of decomposition 


Carbon .... 

C 

M0 

Mu 

0-20 

Or 

yp 

190“ to 2 BO" 

Tungsten 

1-40 

- 

0-50 

40 

20ft" to 280“ 

Tungsten 

200 

1-30 

140 

10 

300“ to 400 ’ 

Oil hardened . 

0-90 

1*70 

_ 


205° to 2H7° 

Oil hardened . 

0-90 

1-20 

100 

. 

206“ to 270" 

Chrome magnet 

0-85 

O-40 

2-00 

. 

206’ to 260“ 

High chrome . 

1 80 

0 35 

fl-00 

- 

300° to 535° 

High chrome . 

2 20 

0-35 

10-00 

— 

448“ to 635" 

High-sjieed 

0-70 

— 

0-40 

18-0 

538' to 060“ 

Manganese 

1*20 

1200 

- 


413' to 020“ 

High nickel (graphitized) . 

0 90 

0-04 

-- 

22 57 (Ni) 

(125“ to 070“ 

Cohalt -chromium 

0-8(1 

0 13 

9 31 

13 <i« (Co) 

525° to 602” 

High manganese 

1 37 

11 88 

— 

410° to 480 

Chromium 

2 22 

0-30 

1 0 50 

- 

150“ to 200’ 

High-speed 

0 70 

0 07 

4-38 

20 0 

150" to 200 

High earhon . 

1*35 

0-24 


— 

150" to 200 

Tungsten 

1 37 

0 20 

0 50 

5 91 

160' to 200' 

High earhon , 

2*60 

0 22 



150 to 200 


E. 8. Davenport and E. C, Bain found that the transformation of austenite is 
most rapid at 540°, and in the range between the Ac r arrest and 500° the rate 
decreases with either increasing or decreasing carbon content as the eutectoid 
recedes. The presence of chromium or of manganese retards the transformation. 
At lower temp, both manganese and carbon decrease the rate of transformation. 
The decomposition of austenite during tempering was found by Jl. S. van Vleet 
and C. Uptbegrove to follow the austenite->martensite-*troo.stifco^sorbite type of 
change, but at the temp of liquid air the decomposition follows the austenite-^ 
troostite type of change without the accompanying growth of cementite and ferrite. 

0. E. Harder and R. L. Dowdell observed that with carbon steels the martensite 
needles, w r hich aTC light -coloured and in relief, progressively darken at l(K) n as time 
increases, and the sp. gr. show that the precipitation of carbide particles lakes 
place slowly until dark troostite is formed. The tempering at a higher temp., 
200° to 270", is attended by a coarsening of the structure, and this is followed by 
a decrease in hardness, probably caused by gTain -growth in the femte, and the 
coalescence of the carbide to a size that can be recognized as a distinct phase. In 
alloy steels the martensite decomposes on tempering as in the case of carbon 
steels,- the martensite needles darken, but they are more stable in alloy steel* and 
require for theiT decomposition a higher temp, or a longer time, or both. Martensite 
needles can be produced by tempering chromium and manganese steels. It is 
possible that there is an overlapping of the ranges of stability of the austenite and 
the martensite of steels of certain compositions. Frequently dark needles 
(troostite) are produced in the tempering of austenitic steels. Nodular troostite 
usually foims on tempering austenite. Its common places of formation are at 
grain boundaries, along slip-planes, or along martensite, cementite, nr troostite 
patches. 
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H. J. French and co- workers found that a high speed steel — with 0*56 per cent, 
carbon ; 2*21, chromium ; 13 80, tungsten ; and 0*98, vanadium quenched from 
about 1260° in oil, and in an air blast, and tempered cumulatively at intervals of 
about 93°, had a minimum contraction of approximately 0-0002 in. in 4 ins. at 482°, 
and it then rapidly expanded when tempered at about 593°. M. A. Groasmann and 
E. t\ Bain observed that a tungsten steel-- with 1*08 per cent, carbon ; 0*35, man- 
ganese ; 0-36, silicon; 2-66, tungsten, 0-50, chromium; and 0-29, vanadium-- 
quenched in oil from 871°, 927°, 982°, 1093°, and 1204°, underwent a maximum 
contraction at about 127°, a maximum expansion at about 260°, and a contraction 
at 649°. II. Scott obtained analogous results with a steel containing 1-10 per cent, 
of curbon and 1-10 per cent, of chromium. The ageing of the steel for an hour at 
J00 n produced the same contraction as a natural ageing for six months. A maximum 
contraction occurred on tempering for an hour at 150° to 2()0 r ; a maximum ex- 
pansion at 260 , and on tempering at higher temp., a continuous contraction 
occurred until the value for annealed steel was obtained. With a higher quenching 
temp., or with an oil quenching to near the Ai"-arrcst and then cooling m air, the 
initial contraction is lowered and the expansion at 260“ is raided. This shows that 
more austenite is retained by oil quenching owing to the development of a press, 
sufficient to letuid the transformation at an eailiei ntago with slow cooling than with 
fast cooling because of the shrinkage of the matrix of martensite produced by the 
transient tempering which occurs W'hen the metal is slowly cooled through the 
Ar" arrest. 

E. Maurer, and O. E Harder observed that in the tempering of 0-70 to H8 per 
cent, carbon steels there is a rapid decrease of the remanent magnetic induction at 
about 100°, there is a break m the curve at about 260 c , a maximum at about 5(H) L , 
and subsequently a decrease at a slower rate The results agree with observations 
on the sp. gr., changes in voi., and coercive force. The decrease in the remanent 
magnetic induction and tempering is attributed to the tempering of martensite, 
and the increase, to the a-iron formed in the tempering of the austenite. 
K. Jleindlhofer and F. L. Wright observed two transformations in the tempering 
of quenched Hteels with a low r proportion of chromium : (i) n transformation from 
a specifically light form to a denser form is attributed to a break-down of the 
inartenHite which proceeds over a wide range of temp. ; and (n) a transform .it ion 
from a specifically dense form to a lighter form occurring over a narrow range of 
temp., 200° to 260°, and attributed to the retuinrd austenite changing to martensite. 
This was confirmed by the dilation curves of H. Styri. B. D. Eulund found that 
with carbon steels with between 0-21 and IT>7 per cent, of carbon, and tempered at 
various temp., the electrode potentials show that martensite is transformed into 
troostite at 100° to 200°, but the reaction is most marked at 110 J ; that austenite 
is decomposed at about 260°, and at 270* the microstructure of the liigh-carbon 
steels is wholly troostitic. Even low-carbon steels retain a considerable proportion 
of austenite when quenched from ordinary quenching temp. The transformation of 
auBtenite was also discussed by A. M Portevin and P. Chevenard, E. 8. Davenport 
and E. C. Bnin, N. Engel, and W T . Brenscheidt. According to E. W r alldow, the 
transformation of a-irou to y-iron starts at the grain boundaries. U. Dchlinger 
studied the effect of grain-size on the rate of transformation, 

0. E. Harder and R. L. Dowdell found that the austenite of different steels 
quenched and later submerged in liquid oxygen exhibits different stabilities. 

The transformation to martensite is practically complete with plain carbon steels, 
whale in the rase of manganese and some high-speed steels little or no martensite is formed. 
The microstructures of martensite produced by ordinary quenching and by cooling with 
liquid oxygen are uinular — white needles with a midrib structure when the orientation is 
suitable. The greater proportion of martensite produced at the intcnwr than at tho 
surface is attributed to the production of a compression on the outside and a tension on 
the inside, in which case the tensional stress favours the phase of greater vols. - that is, the 
martensite. The decomposition of austenite at liquid oxygen temp, is a recrystallization 
phenomenon which shows itself first along slip-planes, and is accompanied b> ail increase 
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in hardness and decrease in sp. gr. In agreement with F. Osmond, and H. Hanemann, 
tho formation of martensite from austenite in liquid oxygen probably takes place rapidly 
and almost immediately after immorsion. However, this rate may be somewhat slower 
than when it terms on commercial quenching, owing to the decrease in tho atomic mobility 
at the much lower temperature. Finally, the reaction does not go to completion, which 
may be influenced by the greater volume of the martensite which may relieve tensile stress 
and even produce compressive stress. The less stable structures, as in the carbon steels, 
go more nearly to completion. This is shown by tho microst met ure® after long periods of 
time and by the changes in hardness. 

E. Scheil showed that the change from austenite to martensite is favoured by 
tensile stresses and hindered by compressive stresses. The transformation of 
residual austenite which occurs below O u is exposed to tensile stresses owing to tho 
difference in the coeil. of expansion of austenite and martensite. 

J. O. Arnold assumed that the Ar r urrest is connected with the formation and 
dissociation of an unstable carbide, \ of intense hardness, and accordingly ho 
called it hardenite. The microscopic appearance of hardenite in a specimen of 
hardened tool steel is shown in Fig. 101. The microstnicture sometimes shows no 

sign of crystallization. Hardenite is said 
to be the unsegregated euteetoid with 
its 0-8 to (Ml per cent, of carbon, and, 
when annealed, it furnishes 100 pci cent, 
pearlite, or 21Fe-fFejt 1 J. 0. Arnold 
called the product tiuv Merl If J 0. 
Arnold meant that ihe euteetoid is a 
chemical individual he reverted to the 
old cryohydrate theory which regarded 
eutectics as chemical compounds In 
that case, hardenite is Ke ;! (\2lFe, or 
cement it e with “ iron of < rystallizntion.” 
F. Osmond believed that harden it* 1 is a 
saturates! martensite whidi lias a mesial 
nb that etches more deeply Ilian the 
other parts Martensite is not normally 
stable at any temp , and can be pre- 
Fig. 104. — Structure of H anionite (E. tlcynj. served in this unstable state only at 

comparatively low temp. - vide infra, 
tempering. For a steel of a given composition, it is distinguished from austenite 
by its greater magnetic permeability, and hardness. II. f\ H. Carpenter and 
C. A Edwards suggested as an hypothesis that martensite and austenite are 
constitutionally identical, and differ only in the repeatedly twinned structure of 
the martensite. H Dench believed that the difference is more profound than 
is implied by this hypothesis. The Mibject was discussed by 0. Benedicks and 
E. Walldow, JI. Hanemann and J. H. Wiester, S. Steinberg, andM. Matweieff. 

Martensite is some! lines considered to be responsible for the hardness of quenched 
carbon steels— vide infra, theories of hardening. According to W. Rosenhain, the 
alleged hardness of acicular martensite may be illusory, in that the hardness of 
such a structure is accidental rather than causative. The acicular martensite is not 
necessarily hard. Thus, Hleels of low carbon content, which undergo no appreciable 
degree of hardening when quenched, often show a well-developed martensite 
structure. Tt is possible *liat the acicular structure of martensite is associated 
primarily w'ith the allotropic transformation of iron, and not with the hardening 
process itself. 

Martensite is a solid soln. of carbon or iron carbide in iion -F. Osmond said that 
iron is partly in the a- nnd partly in the jS , state ; 11. le Muddier, in the a-state ; und 
(\ Benedicks, in the j8-state ; but later lie stated that what was formerly regarded 
as j9-iron is a soln. of a- iny-iron ; and added that the soln. is supersaturated, but 
not undercooled. Z, Jeffries and K. S. Archer believe that martensite consists of 
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fine-grained a -iron in which carbon is atomically dispersed in the lattice of a-iron 
as a kind of supersaturated soln., for carbon is considered to be soluble in y-iron, 
but almost insoluble in a-iron. Equilibrium is established by the precipitation of 
carbon. Under favourable conditions the martensite* slowly Changes and ( ementite 
is formed : 3Fe-f-C -Fe s C — vide infra , the hardening of steel. It. Ruer said that 
martensite is not a true soln. of carbon or cemcntitc in a-iron. E, Maurer’s 
hypothesis that martensite is a supersaturated soln. of carbon in a-iron was 
confirmed by K. Ochrnan 

J. 0. Arnold argued that martensite is really structureless hardenite Fe 24 0 ; 
but this is rather a question of nomenclature. The term martensite usually refers 
to needle-like, microscopic structures, characteristic of quenched at eels, which 
appeal to be formed on the two sides of the incipient, octahedral cleavage planes of 
austenite The structure of martensite is sometimes very like that of austenite, but 
it more frequently lsIiows characteristic acicular markings, or interlacing needles, 
Fig. 105. This diagram represents a steel with 1-54 per cent carbon neated for 
15 mins* at 1350 , and then quenched in water at —5°. It has been etched with 
pienc acid It shows the needles of martensite in a matrix of austenite F. Osmond 
obsened that when etched, martensite is whiter than the mairix of .imtenito, which 



Flow, 105 fiud I0<> Mart onsite in a Matrix of Austenite (Fig. 100, alter K b Lucas) 

usually etches a yellowish tint C. Benedicks also said that the natural colour of 
the acicular or lanceolate martensite is slightly darker than when polished, and if the 
specimen be allowed to stand in air, the austenite rusts befoie the martensite is 
affected Fig 105 ( *21 00) represents martensite in austenite m a steel with 2-05 
per cent, caibou and 0*07 per cent, manganese; and etched with picric acid. 
Photographs of high magnification were also made by R. A. Hadfield and T U. Elliott. 
H. Hancniann said that the martensite in steel, unlike austenite, is anisotropic. 
F. Osmond said that the martensitic structure appears to have three systems of 
fibres arranged parallel to the three sides of a triangle and crossing each other 
frequently, imparting the fer de Inner structure ; the needlc-likc crystals assume 
various other forms -vide Figs. 105 and 106; and vide infra, Neumann’s bands. 
The structure of martensite was discussed by A. Allison, K Hcindlhofer and 
K C. Bam, and others vide infra. F. Osmond and O. ('artaud refci to them as 
pseudomurpliH of t winnings due to tension occurring in y iron, thiougli the partial 
formation of the bulky/)- and a-allolropes of iron. According to II <\ ]J. (Wpeuter 
and C\ A. Edwards, the acicular markings of martensite are due to the t winning of 
the crystals of the solid soln. of carbon and y iron by the strains set up m the process 
of quenching- -ride infra, Neumnnn’s bands. J. E. Stead added that if martensite 
is twinned austenite the zigzag portions of what is considered to be martensite in 
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austenite would not be of the Kamo light or dark tint in any given microscopic 
field. They are always either all light on a dark ground or dark on a light ground, 
according to the method used in etching. When the zigzag structure is large 
enough to be examined under oblique light, there is no change in the appearance of 
the martensite during the rotation of 1 he specimen. The magnetic properties and 
hardness do not increase with the proportion of martensite. AV</o, martensite is 
not twinned austenite, but is an independent substance. According to 0. E. Harder 
andR. L. Dowdell, the so-called needles of martensite in n ground-mass of austenite, 
produced by the quenching of austenitic steels, are really plates formed by the 
octahedral slip-planes of the austenite, and they appear on a polished and etched 
surface either as narrow or wide plates which frequently form with one another an 
angle of GO oi 1-0 If the carbon steel has about 1-7 per cent, of carbon, and is 
quenched from about il00‘, the steel, at room temp., will contain roughly equal 
amounts id austenite and martensite, and the ground-mass will be the austenite. 
F. Sauerwald ami eo-workers found that the martensitic structure of steel is always 
oriented in the same wav as the original grain boundaries, and that the slip-planes 
are similarly oriented. It is therefore assumed that the nebular structure of 
martensite is caused by slip phenomena indured by the hardening or quenching 
process ; il is also assumed that nmrteusiti is not a distinctive phase in Ihe structure 
of steel. 

F. F. Lucas inferred that a martensite needle is a decomposition product which 
first appeals along the oeiahedral crystallographic planes of austenite and it is 
confined to an area of uniformly onented audenite, i.v. a needle never crosses a grain 
boundary or a twinning plane. Martensite needles darken with sodium [aerate, an 
etching suln. which selects iron carbide. They also etch with nitric or picric acid, 
a reagent w’hicli dues not stain oi attack the carbide. Martensite needles have a 
mottled, granular appearance, and often a line struetuie is found, whilst occasional! v 
needles are found which exhibit multiple twinning A martensite needle is an 
aggregate and not a solid soln., and it indicates a decomposition of the austenite 
probably to a-iroti and iron carbide highly disfierscd. Later observations, taking 
precautions to prevent tempering during the preparation of the specimens, show’ 
that instead of the needles being mottled uniformly over the entire surface, they are 
cither white or exhibit a delicate line strut turp traceable to the oc tahedral planes. 
Under high powers, avoiding surface tempering, the quenched steel docs not give a 
felted muss of brown needles when the specimens are etched in the usual way, 
rather are the needles white, and it is the matrix in the interspaces between the needles 
which etches or dissolves away, so that the needle-like forms are more resistant to 
etching than the matrix in which they are found. Some needles are slightly mottled 
and some occasionally turn brown before the interspaces begin to develop. The 
white needles readily turn brown on tempering and develop a mottled structure, 
t,e. they start to precipitate carbide. 

According to F. F. Lucas, and A. Sauvcur, therefore, the needles of martensite 
arc not made up of a single phuHC, hut appear to be aggregates. The needles have 
a central mid-rib which is darker than the surrounding metal— Fig. 106. The 
mid- rib is supposed to be made up of troostite resulting from the transformation of 
austenite along its octahedral cleavage ; and the remainder of the needles is supposed 
to contain some troostite in a state too finely divided to be detected microscopically, 
but in sufficient quantity to darken the colour of the needles. A. Sauveur thus 
regarded martensite as an aggregate of solid soln. of iron carbide in y-iron and of 
iron carbide in /J-iron. An analogous hypothesis is held by H. C. Boynton, 
J. H. Andrew, L. Unmet, F. F. Lucas, and H. II. Lester. Here, the cooling of the 
austenite results in the more or less incomplete transformation of the iron into the 
j3-statc (A. Sauveur) or into the a-stato (F. F. Lucas, and H. H, Lester). The 
austenite that is transformed becomes troostite, so that martensite is considered 
to be a mixture of retained austenite and troostite. A. Sauveur considers that 
troostite is first precipitated from the austenite. The troostite in unstable, and it 
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may be a-iron with carbide in solid soln., or it may be an atomic aggregate of the 
two. He said that martensite is an aggregate of undercooled austenite and a 
supersaturated soln. of carbon in a- iron ; that the mechanism of the transformation 
of austenite to martensite is independent of the rate of cooling ; and that the change 
is bi ought about by an a phase starting around the grain boundaries and along some 
of tlu* crystallographic* plants of the mother austenite ; this gives rise to a Wid- 
manstatten structure on slow' cooling, and a martensitic structure on rapid cooling. 
H. H. Lester regarded martensite as an aggregate of small distorted crystals of iron 
or of a solid soln. of iron and carbon. F. F. Lucas regarded martensite as an 
aggregate ol ferrite or a-iron and cemontite. H Esser and W. Eilender likewise 
concluded that martensite is a heterogeneous mixture of a-iron and cementite, and 
not a solid soln K. V. Grigorovieh considered that the necdle-like appearance 
and the zig-zag lines of martensite are optical effects produced by internal stresses. 
J* H. Andrew, and L. Grenet also considered martensite to be finely divided 
cementite suspended in a matrix of undecomposed austenite and a-iron. Starting 
with steel in the austenitic condition, with all the carbides absorbed, on quenching 
quickly w r hite needles are formed comprising a large proportion of the structure. 
.1 A Mathews, E (\ 15a in, and B. D. Enlund have shown that some steels then 
consist of a mixture of (i) untransformed y-iron, the original matrix; (ii) iron 
carbide, which is formed as the y-iron changes to a iron ; and (iii) a-iron. J. Orland 
concluded that martensite l* not a solid soln. of a iron and carbon, but it occurs in at 
least tw'o phases distinguishable by etching with nit tic acid. K. Gebhard and co- 
workers also concluded that martensite contains two phases. The heterogeneity and 
stiucture of martensite were discussed by E Oehman, and E. Maurer and G. Ricdrich. 

Z Jeffries and R. K. Archer, E. C. Bam, (\ Benedicks, I*. Thevcnard, 
A. M Porte vm, W. H. Hatfield, K Honda, A. McOanoe, and O. E. Harder and 
U. L. Dowdell consider that when austenite, a solid soln of carbon or iron carbide m 
y-iron, is rapidly cooled, more or less y-iron is transformed into a-iron, and carbon 
or nun caibidc remains m a kind of supersaturated solid soln. K. Honda and 
K. Iwase assume that martensite is the first stage in the transformation of a solid 
soln of carbon in y iron, and it is merely a solid soln. of carbon in a-iron. The 
solubility of carbon m u-iron is small, su that by rapid cooling the change is equivalent 
to the production of a supersaturated soln. Austenitic steels, as indicated below r , 
can be converted at room temp, into martensitic steels by tensile stress, by hammer- 
ing, and by the stresses set up when plunged into liquid air. K. Schroter showed 
by magnetic observations that the transformation occurs during the eooling and 
not during the subsequent restoration to ordinary temp. ; and A. Sauveur, and 
A. Sauveur and H. Thou, that when the y-phaso is converted into the a-phase by 
quenching, the a-phasc first appears along the crystallographic planes of austenite 
and around the boundaries of the grains. According to K Honda and K. Iwase, 
fresh ly-f untied martensite hardens on standing for several hours at ordinary temp., 
nr for a few minutes at 100°, so that a temp, in the vicinity of 0 L is necessary to 
prevent the ageing or hardening of martensite. Otherwise expressed, the ordinary 
temp, of a room is near the limit which will pemut the diffusion of carbon in steel, 
and at any lower temp, the austenite can be held indefinitely m a frozen, torpid 
condition. The formation of cementite is accompanied by a contraction, and the 
change from y-iron to a-iron, by ail expansion. The formation of martensite is 
attended by an expansion, so that, as emphasized by Z. Jeffries, the principal change 
involves the transformation of y- to a-iron, ami not the production of carbide. In 
the reheating of martensite the contraction which occurs is due to the formation 
of cementite. The austenitic, supercooled, solid soln. m y-iron is unstable, but, at 
room temp., it changes only slowly into a solid soln in a-iron. The solid soln. at room 
temp, is supersaturated with respect to either carbon or cementite, but the thermal 
agitation of the atoms is too slow' to permit a rapid splitting of the martensite into 
its constituents. It is not clear whether carbon or cementite is the first stage of this 
transformation wdiere troostite (vide infra) is formed, 
von. xir. 3 H 
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Ageing or a slight tempering either causes a slight coagulation of the iron carbide 
into larger particles or else it results in a diffusion of the carbon atoms which form 
iron carbide, and on further tempering the iron carbide commences to coagulate. 
The very fine particles of carbide precipitated from the austenite during the quench- 
ing may be too minute to be visible microscopically. This is white martensite. 
With even a slight tempering the fine particles grow to microscopic dimensions. 
Z. Jeffries assumes that granules of a-iron are intimately associated with the white 
martensite ; the granules may or may not have carbide in solid soln. C. Benedicks 
said that there is not a single cause for assuming that martensite and austenite 
have a different empirical structure ; the difference in their properties on etching, 
etc., must be attributed to the different states of iron — y-iron in austenite and j8- or 
rather a-iron in martensite ; austenite is a supercooled solid soln., martensite, a 
supersaturated solid soln. 

A. Westgren and cb-workers found that the space-lattice of the iron in martensite 
corresponds with that of a-iron, and this is also the case with high-speed steel of 
ordinary composition and hardened at 1275°. A 1-98 per cent, carbon steel 
quenched in water from 1000° or 1 100° had a lattice parameter a— 2-90 A., and 
when quenched from 760°, a=2-88 A., indicating that the martensite contained 
a-iron. A 1-25 per cent, carbon steel, quenched in water from 760°, had a- 2*88 A., 
indicating that the lattice parameter depends on the amount of carbon in soln. 
and the quenching temp. When austenitic manganese and nickel steels were 
immersed in liquid oxygen, the manganese steel showed no change in the X-radio- 
gram, but the nickel steel was changed so that the y-lines still existed, but they were 
not sharp but diffuse, indicating that the steel had become extremely fine in 
crystalline structure ; the lattice parameter of the a-iron produced by this treatment 
had a— 2-81 A., while that of the y-iron changed from 3 58 to 3-54 A. Only half 
the original austenitic structure was then changed to white, lanceolar needles. 
K. Heindlhofer also found that martensite has a body-centred cubic lattice-like 
a-iron, and inferred that it is spaced approximately 0*4 per cent, closer than the 
lattice of a-iron. Martensitic steel with 0-80 per cent, of carbon shows the same 
X-ray spectral lines as iron alone, but the lines arc less intense, somewhat broader, 
and slightly shifted, the amount of shift being approximately the same for different 
carbon contents. The sp. gr. data show that a considerable part of the carbon 
present in martensite replaces iron atoms in the space-lattice. The carbon atoms 
are in the proportion 5 : 9 smaller in diameter than the iron atoms which they replace, 
and this causes considerable lattice distortion. In general, the results indicate 
that martensite is a mixture of two constituents, present in variable proportions ; 
one is a solid soln. of carbon in a-iron and the other is finely dispersed cementite. 
The solid soln. is unstable and some of the carbon gradually separates from the 
lattice even at room temp., so that it is difficult to keep more than a part of carbon 
in soln. Consequently, while austenite is a structure in which a face-centred cubic 
lattice of iron atoms also has carbon atoms in the interstices, martensite is a 
structure with a body-centred cubic lattice of iron atoms with carbon atoms in the 
interstices, as the iron in austenite passes from the y- to the a-state when it is 
cooled below the Acj-orrest. The X-radiograms show that, in addition to a-iron, 
some lines of y-iron are always present in martensite, indicating that the transforma- 
tion of the austenite is not complete. The unconverted austenite is called retained 
austenite . The solid soln. is unstable even at the ordinary temp. At 260° the 
lattice distortion of martensite largely disappears in 30 minutes, although only part 
of the carbon is precipitated, and the hardness is still far above that of the annealed 
state. The cementite also contributes to the hardness by reason of its fine-grained 
condition. R. F. Mehl and co-workers’ observations on compressibility also agree 
with the assumption that martensite consists largely of ferrite and finely-divided 
cementite. J. Orland, and K. Gebhard and co-workerB also agree that martensite 
consists of two phases involving a metastable system. W. Broniewsky regarded 
martensite as a transitional substance not deserving a place in the equilibrium 
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diagram of the iron-carbon alloya. R. Rekito studied the conversion of martensile 
to cement itc (q.v ). 

W. L. Fink and B. 1). ( VLmphcll reported that in strongly-quenched, eutectoidal 
and hypcrcutcctoidal carbon steels, the crystal structure seems to have a body- 
centred tetragonal lattice with a 2-85 A., and c— 3 02 A , or an axial ratio arc 
— 1 ; 1-06, ho that the a-axis increased from 2-55 to 2-85 A., while the c-axis decreased 
from 3*60 to 3-02 A. E. ('. Bain, however, showed that in changing from they- to 
the a-lattico, the body-centred arrangement is at first tetragonal with an axial 
ratio a : r J : Ml 4 ; and suggested that the final condition in martensite is an 
incomplete transformation to the u perfectly cubically crystallized a-iron.” 

Z. Jeffries and R. R Archer said that when the cooling rate of austenite is rapid 
enough to form martensite, the transformation of the y-iron to a-iron is substantially 
complete, while the formation of cementite is not complete. Martensite therefore 
consists principally of submicroscopic a-iron or ferrite grains containing carbon in 
soln. The carbon of the mother austenite will strive to precipitate as particles of 
cementite, and the extent of the reaction will depend on the conditions of tempera- 
ture and time during quenching, ageing, and tempering. That the formation of 
martensite from austenite represents a change from y- to a-iron is shown by : (i) the 
complete change m the micrustructure of martensite, as compared with that observed 
when austenite is preserved by quenching, indicates a transformation of the y-iron ; 
(n) the magnetic susceptibility of martensite suggests the presence of a-iron ; and 
(lii) the X-radingrams show that a iron is the principal constituent of martensite. 
Non-magiutu steels have face -lent ml cubic lattices characteristic of y-iron, 
whereas magnet k, martensitic steels have the body-centred cubic lattice 
characteristic of a iron. A J-f> per cent, carbon steel quenched in iced brine 
from above the critical point has both martensite and austenite and both body- 
centred and face-centred cubic lattices, whereas a 0-35 per cent, carbon steel 
quenched from above the Acq -arrest shows the presence of martensite only and only 
the body-c entred lattice. K, Hemdlhofer and E. C. Bain observed that martensite 
is (otiqoscd ot characteristically distorted ferrite units or grams, not markedly 
different m m/,o from those of the parent austenite. The type of distortion is that 
developed by twisting or bending, so as to retain a moderate constancy of spacing 
between the (1 10) -planes, but at the same time to vary the orientation of some of the 
same planes through a considerable angle. The ferrite units possess a marked 
random atomic irregularity of the solid soln. type vide infra. 

K. Honda, T. Matsushita, S. Rato, and lv. Honda and S. Rekito showed that 
there are probably tw 7 o martensites -a-martensite, which has a body-centred 
tetragonal lattice, with the axial ratio c : a— 1-03 to H)6, is formed from austenite 
when the cooling is rapid ; and j9 martensite, which has a body-centred cubic 
lattice. When steel is quenched, the change of austenite to a-martensite is partly 
arrested and the change of a martensite to j8-mar ten site is completely hindered, so 
that in the ouler layer, where the cooling is rapid, a- martensite with a little austenite 
is present ; but in the mner portion, where the cooling is slower, both changes 
occur almost completely, and /{-martensite alone is found there — vide infra , 
hardening. T. Matsushita, 11. Hanemann and A. Schrader, and K. Honda showed 
that during the slow heating of a quenched high-carbon steel the heating curves 
indicate that the separation of carbon in the form of cementite occurs in two stages, 
one at 130° and the oilier at 280°. Tins is taken to mean that there is ail a-marten- 
site and a /J-inartcnsite distinguishable by their degree of tempering. Later 
K. Honda showed that it is more probable that the 130° breaks in the curves of 
magnetization, heating, electrical resistance and thermal expansion are not caused 
by the decomposition of martensite by the precipitation of cementite, but rather 
by the change of a- into jS-nmrtensite. The change at 130’ begins at about 100°, 
is very rapid at 230 and is completed at 300°. M . A. ( Irossmann fouud that a high- 
speed steel, quenched from a high temp,, was softer when tempered at 482“ than at 
593°, and the result was explained on the basis of the a- and jS-martcnsites. 
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T. Matsushita, and K. Honda attributed the hardness of quenched steels to the 
presence of /3-martensite, not a-martensite. a-martensite is first formed in a cooling 
austenitic steel, and then jS-martensite. The changes are reversed on heating 
pearlitic steels. The a-martensite is more easily etched by picric acid and more 
easily tempered by heating than /3-martensite. W. L. Fink and K. D. Campbell, and 
N. Seljakoff and co-workers observed that in addition to the body-centred cubic 
lattice in quenched carbon steels there is also a body-centred tetragonal lattice 
with the axial ratio c:a approximating 1*06. K. Honda and S Sekito consider 
that the body-centred cubic lattice represents ordinary or /3-martensite, and the 
body- rent red tetragonal lattice, a martensite’ ^idc infra, ferrite, and also hardening. 
K. Honda and & Sekito found that the parameter of the body-centred cubic lattice 
of /3-mart ensite is lengthened with increasing proportions of carbon, thuR : 


rarlxni 0-202 0-390 

A ■ ■ 2-800 2 803 

Sp. vol 0-1271 0 1275 


0-508 0 020 0-730 

2 804 2-804 2 807 

0-1270 0-1270 0-1280 


0 895 1-04 per rent. 

2 870 2-800 

0-1284 O 1279 


whilst for a-martensite with its body-centred tetragonal lattice: 

Carbon . 0 202 0-390 0-508 0-620 0*730 0-895 1 04 1 -075 per cent. 

A . 2-839 2 838 2-830 2-832 2 834 2 837 2-838 2-839 

r : a . 1-008 1-073 1 072 1-073 1-072 1 000 1 060 1-055 

Sp. \ul. . 0-1327 0 1332 0 1327 0 1324 0-1324 0-1321 0 1323 0 1313 


A face-centred cubic lattice can be regarded as a body -cent red tetragonal lattice 
with the axial ratio c : a— V' 2 (Fig. 107), and a body centred cubic lattice as a 
body-centred tetragonal lattice with the axial ratio c : a l. Observations show 
that the axial ratio of the body-centred tetragonui lattice of a martensite has the 
axial ratio c : a - 1*03 to 1-06. The alterations in the tetragonui lattices involve the 
change from austenite (c : a V2) to a martensite (c . a 1 -03 tu l-OO) and to 
/3-martensite (c : a ■ 1). The successive changes involved in the transformation of the 
face-centred cubic lattice of austenite to the fare-centred tetragonui lattice involve 
a uniform compression in the direction of the c-axifi of the tetragonal lattice with 
v : a V 2, and at the same time u uniform expansion in a perpendicular direction • 
when r:a = V2 has changed to J-03 to 1 -(Hi, a-martensite is formed, and as the 
change continues until the ratio is unity, ordinary or /tJ-martensite 
with its body-centred cubic lattice is formed. The fact that in 
martensite two tetragonal configurations (with c : a 14)0 and 1 ) of 
the iron and carbon atoms arc possible can be explained by the 
electron theory of atomic structure The actual form of the 
atoms is far from being spherical, and hence it is quite probable 
that the orientation of the carbon atoms in relation to the iron 
atoms in the lattice may give rise to two or more mctustable con- 
figurations. In the outer layer of a quenched steel, where the 
cooling is very rapid, the first change of austenite to a martensite 
goes on partially, and the second change of a martensite to 
^-martensite is completely hindered, so that the outer layer must 
contain a-martensite mixed with a small amount of retained 
austenite : while in the inner portion, where the cooling is less rapid, 
the first and the second changes will take place almost completely, so that the inner 
portion must contain almost pure /9-martcnsite. The general result for single crystals 
was confirmed by G. Kurdjumofi and G. Sachs. The length of the c - axis increases, 
whilst that of the a-axis diminishes, with increasing carbon content. In a steel 
containing 1-03 per cent. C the ratio eja is constant (1*041 to 14)45) for initial temp, 
of 900°, 1100°, and 1300° ; in a steel containing 0*91 peT cent. (' the diminution of 
the ratio commences at 850\ The non-homogeneity of the tetragonal structure 
causes dilfusibility oi the lines of the X-radiograms. K. Honda’s /3-martensite is 
probably a mixture of tetrugonal crystals with different small ratios of the axes. 
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G. Kuidjumofi and E Kaminsky found that in quenched steels containing 0*64 to 
T44 per cent, of carbon, flip tetragonal structure exists not only at the surface, 
but also at a depth of 5 mm G. KurdjumofI and co-workers found that the 
mixture of austenite and martensite in a chilled 1-5 per cent, carbon steel had the 
(Oll)-plane of the tetragonal crystallites parallel to the (lll)-planes of austenite, 


TaBLF XI LATTICE I )TM LESIONS OF TETRAGONAL MARTENSITE AND OF y-lHON. 
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find the (111) direction to the (1 (Redirection giving an N 1 angle between the tetra- 
gonal and the austenite axis This position repeats ltseli 24-fold in agreement with 
the general cubical symmetry , and it can be derived from a superposition of two 
simple slip motions. E Oclimnn measured the (lOl)-line in the X-radiogram of the 
tctiagonal phase, and obtained the results indicated in Table XI for the linear 
dimensions of the tctiagonal Inti ice in A-units and for the vol. per lattice point in 
A 3 -units , .similarly also for the face- 
centred lattice of y lion The results are 
plotted in Fig. 10H and show the con- 
vergence of the curves for the axial 
dimensions converge to a point corre- 
sponding with the edge of the elementary 
cube of a-iron This is in agreement 
with the results of G Kiirdjuninff and 
E. Kaminsky, and with then assump- 
tion, confirmed by the thermal observa- 
tions of K Maurer and G Riedneh, and 
the micmscopic observations of F. We\er 
and N. Engel, that tetragonal martensite 
is a supersaturated soln of carbon m 
a iron ; and that tetragonal martensite 
and ferrite are one and the same phase 
The two may be present m one specimen, and bonce E Oelinian designates the 
tetragonal phase* as the a' -phase 

Three hypotheses are available as to the disposition of the carbon atoms in the 
a' phase, (i) According to A. Westgrcn and G. Phragmen, the carbon atoms 
dissolved in y-iron do not occupy points of the face-centred lattice, but are 
statistically distributed in the interstices between the iron atoms, Ft. ScljakofT 
and co-workers suggested a similar arrangement for the a'-phase, and in order lo 
explain the tetragonal deformation assumed that the carbon atoms are distributed 
at the centre of those faces which are perpendicular to the tetragonal axis. 
E. Ochman added that this arrangement is improbable, since the space available 
for tile carbon is very small, and even if a carbon atom were located at one of the 
points where the distances to the surrounding iron atoms are greatest, the space 
available for the (arbon atom would be much smaller than in the face-centred 
structure , and as a consequence, the vol. of ihe body-centred lattice would increase 
more rapidly with the carbon content than would be the case with the face-centred 
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lattice. The curve* for the o'- andy-phraaeB, Fig. 108, show that the converse of this 
inference is true, (ii) 0. Hiigg suggested that the rarbon atoms may l»e ho disposed 
that two carbon atoms replace one iron atom in the latl ice, as wan observed by 
M. von Stackelberg for many tetragonal carbides, and analogous with the tetragonal 
lattices of some hydrides observed by 0. Hiigg, whoie two hydrogen atoms occupy the 
place of one metal atom. It is further assumed that the (^-groups are oriented 
parallel with the tetragonal axis of martensite, (iii) E. Oehman suggested that the 
carbon atoms aTe simply substituted for iron atoms in the lattice, and this explains 
the decrease in the lattice dimensions, since the carbon atoms arc much smaller 
than the iron atoms. 

E. Oehman found that when the a'- or tetragonal phase is produced by quenching 
steel containing 1-35 per cent, of carbon and allowing it to remain m liquid air foT 48 
hrs.thesp.gr. was 7-62. The specimen contains bothy-iron anda'-iron, with the latter 
predominant. The sp. gr. of austenite with 1-34 per rent, of carbon is 7-94 ; the 
sp. gr. of a'-imn (i) with interstitial carbon atoms is 7-65 ; (ii) with a substitution 
of doubled carbon atoms, 7*42 ; and (iii) with a substitution of single carbon atoms, 
7-19. The observed sp. gr. does not agree with (i) ; the observed sp gr would agree 
with 60 per cent, of a'-iron and 40 per cent ofy-iron, which is in harmony with (n) ; 
and the observed sp. gr. requires 57 per cent, ofy-iron and 43 per rent of a-iron if 
the third assumption be valid, but this is not in conformity with the intensities of 
the X-ray lines, which show that the a'-phaae is dominant lienee the only structure 
in agreement with the observed sp. gr., the increase in vol. with the carbon content, 
and the elongation of one of the crystallographic axes is that in the body-centred 
lattice 0 2 -groups of carbon atoms replace some iron atoms The carbon atoms are 
probably oriented in such a way that the axes of the C 2 -groups are parallel to the 
tetragonal axis of the lattice. The a'-phane is decomposed on tempering 

The sp. gr of a-marlensite is less than that of /3-martensitr The sp vol of 
a-martensite is represented by 0-1335 - 0-0018[r , ] l and that of jS-martensite by 
v= 0-1 267 -f 0*0017(0], where [0] denotes the percentage of carbon. The carbon 
atoms of 0-martensite arc assumed to be diHlributcd in the centre of the face of the 
elementary cube, in accord with the laws of probability. The atomic distances in 
a-martenmte are a little greater than in 0-martcnsite, in agreement with the greater 
haidneRs of 0-marteusite. R Kekito found that the axial ratio of the tetragonal 
lattice diminishes in magnitude from the surface to the interior, finally taking the 
value unity. The axial ratio of the tetragonal lattice increases with the carbon 
content, as well as with the quenching temp 

The changes in the space-lattice winch otcur during the transformation of 
austenite into martensite were also discussed by A E. van Arkcl, S. Rato, K. Becker, 
0. E. Harder and R. L. Dowdell, F. (\ Elder. IT Dehlinger, E Sclieil, (t. Tanmiann 
and A Hcinzel, 0. Miigge, K. Honda, A WestgTcn, F. Wevcr, and A Rmekul. 
F. Wever represented the effect of carbon and manganese in austenitic steels on 
the parameter of the iron lattice by 3-578 \ 0-0005[Mn]-|-0-0064. r )fC], where the 
bracketed symbols represent atomic percentages. The lattice parameter of a-iron 
is increased from 2*861 A. to 2 875 A. in hardened steel, but is practically unchanged 
in annealed steels. Hence carbon atoms fill spaces in the lattice of a-iron. and do 
not replace iron in the lattice structure. The space-lattices are discussed below 
in connection with ferrite, and also in connection with hardening. The marked 
broadening of the diffusion of the X-ray spectral lines of the martensites was 
explained by A. Westgren by assuming that each individual martensite crystal 
consists further of a very large number of minute crystals oriented at random, 
their linear dimensions containing only several hundreds of atoms. K. Honda 
and S. Sekito said that this does not agree with the fact that martensite consists 
of well-defined ucicular crystals, and they attributed the phenomenon to n con- 
tinuously varying strain of the iron lattice caused by the carbon atoms in the inter- 
spaces. N. Scljakoff and co-workers do not accept the inference that the axis 
of the lattice of tetragonal martensite is independent of the carbon content ; the 
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presence of carbon atoms in the lattice producer a decrease in the intensity, but not 
a broadening, of the spectral lines. 

Both martensite and austenite are supposed to be unstable, and with a prolonged 
annealing their transformation into the stable phase will proceed to an end The 
mechanism of tempering has been studied from different points of view — changes 
in mierostructuTe by F. Osmond ; solubility in acids by E. Heyn and 0. Bauer ; 
sp. gr. by E. Maurer ; hardness, K. Honda and K. Tamaru ; thermal expansion, 
T. Matsushita; X-ray spectrum, K. Hcindlhofer ; electrical resistance, 
B. D, Enlund ; thermoelectric force, S. Sato ; magnetization, S. Sato ; and 
coercive force, E. Maurer. S. Sato showed that there is a small evolution of heat at 
about 150°, and this represents the change of a-martensite in to/?- mar ten site ; a rela- 
tively large evolution of heat occurs in the range 260° to 300° due to the decomposition 
of jB-martensite into troostitc. Retained austenite decomposes into a- and j8-martcn- 
sites when it is cooled down to the temp, of liquid air, or more easily, when mag- 
netically agitated in this cooled state. The retained austenite decomposes through 
a- and /J-ninrtensites into troostitc when heated between 260° and 300°, and this 
is attended by a relatively large evolution of heat. K. Honda and T. Matsushita 
considered this thermal change to be due to the decomposition of /J-martensite ; 
and E. Maurer and (», Schilling, (I Tamilian n and E. Scheil, and A. Merz and 




Fins. 10!) and 1 10. -The Thorinal EfTert and the Dilation of Hardened Steel when Annealed 

at Different Temperatures. 

(\ Rfannenschmidt regarded it as a result of the di composition of austenite. 
According to S. Sato, there ih a contraction in the range front 3tX) n to 400°, 
and this is attended by a distinct evolution of heat. It is supposed to be produced 
by the lattice building of cement.ite particles ot molecules, a-iron which has been 
mechanically strained, during quenching begins to recry, stallize between 450° and 
600° and this is attended by a relatively small evolution of heat. The subject 
was discussed by S. Sato, K. Tamaru, and K. Kawakami. 

G. Tamniaim and E. Scheil compared the thermal effect, Fig. 109, with the 
annealing of a steel hardened by cooling to 0°, and the same steel again cooled 
in liquid air at — 180°. The steel had 1-72 per rent, oj^carbon. There are three 
critical points on the curves : (i) at about 100° there is a change due to the 
transformation of martensite ; (ii) at about 250°, a change due to the transformation 
of uustenite ; and (iii) at about 300° there is a change which is not due to the trans- 
formation of austenite, because it is accentuated with the steel cooled in liquid air. 
It is thought to be due to a second transformation of the martensite. These 
changes were discussed by K. Honda, S. Sekito, and A. Merz and 0. Pfannen- 
schmidi ; but T. Matsushita and K. Nagasawa supposed the transformation to 
be due not. to a transformation of martensite, but to a change in the nature of 
the carbon associated with the iron. The properties of the structural constituents 
in these changes are summarized by E. Scheil in Table XII. K . Honda found that 
the specific properties X- hardness, electrical conductivity, and the intensity ot 
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magnetization — of austenite, j8-martensitc, and a-m art onsite are related as X atlMi 
^ X a . mari <Xj J mnr.» an d the Bp. vol . r, as V R1IB <T0.mar mar 

Tabu: XIT.- Thk Properties or thi: Constituents? Formed in thl Annealing 

of Hardened Steel 


Pmixrh 


>lmt mnrtpnwtc trail*- Aualcnlfc frJuisforni.it ion ! Second martfiiritc Iihiir- 
formation (about 100 ) (fihout 2M) ) formation (nbnut 800") 
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The second transformation of maitensite nun he a rout inu.it inn of the first 
transformation, ot it mny lie the result of some inlei mediate stages in the trans- 
fonnation of martensite to pcaibte The modification in the equilibrium diagram 
for austenite and maitensite founded on E Mauieis hypothesis that martensite 
is a solid soln of carbon in a-non is shewn in Fig I II The equilibrium euive of 




Fig. J 1 1 . -E. Maurer’s Austomto- 
M art onsite Diagram. 


Fuj 112 -(» Tammannaml 
E Scheil't* Austenite Martensite Diagram. 


austenite and martensite is repiesented by an extension of the lines UP and US 
beyond the pearlite line rSK. If the martensite is a solid soln , its physical 
properties will change continuously with the carbon content, and this conclusion 
is in agf cement ^ith the measurements of E Gumlich, K Mauier, and V Benedicks 
on the electrical conductivity, and with those of N. ScljakofT and co-workers, 
and "W. L Fink on the change of the lattice parameter. The facts also fit 
the hypothesis of G Tammann and E, Schell that instead of a- iron a similar 
but unstable form a'-iron occurs as a phase in martensite This renders the 
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modification indicated in Fig. 112 necessary, where the dotted lines refer to the 
a'-martensitc. In this case, it is supposed that at 100° carbon separates along 
P'U ' in accord with its solubility in a'-iron, and at 300° there is a transformation 
of the cementite-saturatcd a'-solid soln into a-iron. If so, above the solubility 
limits of the carbon, the transformation into a'-iron must be independent of the 
carbon content. 

There is also the hypothesis that the second martensite effect is the result of 
the formation of an intermediate unstable carbide which possesses the required 
properties. This hypothesis was explored by 8 Hilpert and T. Dickmann, 
E. 1). Campbell, and II Hauemann and L Trager. There is also the hypothesis 
that the second martensite transformation is a recrystallization of the martensite 
- vide supra ; and the €-7j-hypothesis of II. Hancmann. 

H Haneniann observed that when austenite changes into martensite, e.g. 
by quenching in liquid air, the crystal^ of martensite contain less carbon than the 
adjacent austenite According to H Hanemann and A Schrader, an examination 
o{ the martensite of steels with 0-05 
to 02 per cent, of carbon tempered 
under various conditions shows that 
in addition to phases involving a- 
nnd y-iron, there are also two phases 
involving e-iron, 0-irnn, and 77-iron. 

Th” e-martensite and 77-martensite 
are in met ast able equilibrium with 
austenite, and have the constitu- 
tional diagram, provisionally repre- 
sented by Fig. 113; that is, they 
form ft jjeritectoid equilibrium. The 
iron cementite equilibrium diagram 
was called the mctastuble system 
I, and the martensite system, the 
metastable system II. The cone, 
of the ciirbon at V is near 0*10 per 
cent. ; at F, 0*89 per rent. ; and 
at W, 1-40 per cent The critical 
temp , T, is near the Appoint ; and 
A FIF, 325°. The critical temp, at 
685 was observed with a 0-07 per 
cent, carbon steel ; it is not a 
delayed y->a change, because the 
difference istoo large to be explained 
as a super-cooling effect. They cull T the Ar" transformation. W ith rapid quenching 
of steels with 1-40 per cent of carbon in liquid air. the formation of cementite and of 
troostite can be prevented, and the 1 transformation of y-martelisite follows approxi- 
mately the courses indicated by Fig 113. T H\ between 850’ and 325°, represents 
the line along which e-martensite separates from y-mart onsite, and A IV, the line 
along which e-martensite reacts with y-martensite to form either a mixture of 
e- and 77 martensites or of 77- and y-martensites, depending on whether the proportion 
of carbon is greater or less than 0-89 per rent. On quenching 0*89 per cent carbon 
steel, c-martensite of 0*10 per cent, carbon reacts at 350 with y-martcnsite of 
1*4 per cent. caTbon to form 77-maTtensitc with 0 89 per cent, of carbon. If the 
carbon is between 1*40 and 1-70 per cent , the pentectoidal reaction just indicated 
does not occur, and 77 martensite separates from y-martensile — vide infra , tempering. 
The microsection, Fig. 114 ( X 1200), shows c-martensite in long narrow needles sur- 
rounded by darkly etched 77 -martensite which stands in relief. The specimen con- 
tained 0-13 per rent of carbon, and 0*5 per cent of manganese ; it was kept 45 mins, 
at 1120 c , cooled slowly to 920 c , and then rapidly quenched in liquid air Fig. 115 
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( X 1200) shows dark needles of e- and if Wrtensitc in a light ground-muss of 
austenite ; the specimen contained 1-23 per cent, of carbon and 0-41 per cent, of 
manganese ; it was held 30 mins, at 1100°, cooled to 960°, and then quenched in 
liquid air. Fig. 116 (x 150) shows tj needles. The sample contained I *75 per cent, 
carbon and 0-64 percent, of manganese ; it was held 30 mins, at 1125°, tempered at 
200 n , cooled to - 20°, and afterwards m liquid air. There arc thus formed two sets 
of needles of ^-martensite ; those formed by the liquid air quenching are etched 
lightly. The ^-phase is J. O Arnold’s liardemte. The 0-phase, or 0- martensite, was 
demonstrated by K. Gebhard and co-workers, H. Bimbaum, and T. Matsushita. 
It was called heynite, after E Heyn. It is found in hardened steel containing 0*3 to 
0*4 per cent, of carbon. The subject was discussed by H. Hanernann and L. Trager, 
E. Maurer and G Riedrich, and K. Gebhard and co-workers J. Orland, and 
K. Gebhard and ct> workers also agree that martensite consists of two phases 
involving a met s stable system. In the metastable system c-iron occurs in steels 
with up to about 01 per i out. of carbon ; in steels with from 0-1 to 0-37 per cent, 
of carbon martensite consists of e iron and heynite ; while in steels with 0-37 to 
0‘9 per cent, of carbon the constituents are heynite and hardemte . and with 
steels with over 0*9 per cent, of earbon, hardemte and austenite If equilibrium 



l«nis. 114, 115, and 110. Forms of Martensito (H. Hanemiuin and A. Sebrnder) 

is not completely established, heynite may occur with steels with over 0-9 percent 
of carbon, and austenite in steels w r ith less carbon. 

b. Osmond applied the term troostite — after L. Troost — to a transitional form 
of the solid soln of carbide in iron between martensite and pearlite It comes 
between martensite and sorbite, or martensite and osmondite, so that it is regarded 
as martensite arrested while changing into sorbite or osmondite- vide infra, 
tempering. Troostite is obtained by modifying the ^ speed of quenching. 
F. Osmond, and H. le Chatelier obtained it in the cold by quenching steel with 
different proportions of carbon during the recalcsccnce period, % e when martensite 
is changing to pearlite ; by a mild quenching of small pieces m oil or boiling water 
from a temp above the critical point ; or by a mild tempering (q.v.) of martensite 
between 100° and 260°. The X-radiograms agree w r ith the assumption that 
troostite, like sorbite and pearlite, is a mechanical mixture of ferrite and cementite. 
H. C. Boynton said that it is produced when a metal with 0-45 per cent carbon is 
cooled down to the Aj-arrest and then quenched in w'ator at aim. temp. It is 
formed by heating martensite or austenite to 4()0 J , or by moling the steel to the 
temp, of liquid air. B D. Enlund observed that with quenched or martensitic 
steels the conversion of martensite to troostite occurs between HiO* and 200°. 
The subject was discussed by A. E. Cameron and I. F. Morrison, (). V. Greene, 
D. K. Bullens, A. Schrader, and K. Tamam — t ride inf to, tempering H. le Chatelier 
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obtained troostite by heating one end of a steel bar containing 0-11 per cent, of 
carbon, while the other end is free in air. There is thus a variation of temp, 
throughout the length of the bar. After quenching, the points of medium hardness 
are found by means of a file, and on suitably etching sections from these parts, 
untransformed pearlite will l>o found separated from completely transformed 
pearlrte by a zone of troostite. 

A. M. Portevin and M. Garvin observed that trooRtitc formed in the neighbour- 
hood of 600°, and martensite at 300°. L. Guillet found steels with 5 to 15 per cent, 
of chromium and over 0-5 per cent of carbon have a structure of troostite mixed 
with martensite ; and steels with 3 to 12 per cent, of manganese and over 0-5 
per cent, of caTbon may consist of troostite above or admixed with martensite. 
H. le Ohatelier, and H. von Jiiptner observed that when troostite is formed by 
quenching from the recalosccnee period, there is a sudden contraction, indicating 
a molecular change m the metal. W V Roberts- Austen said that it is a modifica- 
tion of ceinentite ; and H. lc Ohatelier, a solid soln. of carbide in iron, differing 
from martensite and austenite in being magnetic at the temp, of its formation 



1'IG. J 17. Small Cells ut Troostite in Kio 1 18 Troostite in Martonsite 
Martensite. (F. ]«\ Luma). 


H. M. Howe regarded it as a mixture of austenite, ferrite, and cemcntitc in varying 
proportions. T. Matsushita and K Nagasawa considered troostite, formed by 
tempering austenitic steels for 20 mins at 100° to 300° and again cooling, is made 
up of a-iron with the elemental carbon precipitated in a highly dispersed form, so 
that it is nearly optically homogeneous. V Benedicks added that the electrical 
resistance and sp. vol. of troostite behave like pearlite, that is, like a mechanical 
mixture of ferrite and cemcntite. Z. Jeffries and R. S. Archer observed that the 
tempering of martensite iR attended by (i) the growth of ferrite and the precipitation 
of carbide, and (ii) the growth of ceraentitc particles. 

F. Osmond said that the microstructure of troostite can be resolved and recog- 
nized by polishing and etching with liquorice root, or ammonium nitrate, when it 
assumes a yellowish-brown colour, or blue bands merging into one another. When 
slightly etched with dil tincture of it (line it appears as brown bands in the shape 
of needles resembling martensite but surrounding grains of hardemte— saturated 
martensite— and with ferrite between the grains. It can also bo etched by dil. 
alcoholic soln. of nitric acid, hydrochloric acid, or picric acid, or by W. J. Kur- 
batoff’s reagent- a fouT per cent. soln. of nitric acid in isoamyl alcohol. H. von 
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Jiiptner referred to troostite as a jagged constituent between martensite and 
cementite. According to H. C. Boynton, the hardness of troostite is 88 when that 
of martensite is 239 and that of ferrite is unity — vide infra, hardness. The structure 
of troostite is illustrated by Fig. 117 ( x 500), of a steel with 0*869 per cent, of carbon 
heated for an hour at 700°, 15 mins, at 800°, and quenched in water at 18° ; it was 
then etched with a soln. of hydrogen chloride in amyl alcohol. The small dark 
cells of troostite are embedded in paler cells of martensite : Fig. 118 ( X 150) shows 
the dark troostite in steel with 1*5 per cent, of carbon ; and Fig. 119 ( X2400), by 

F. F. Lucas, shows nodular troostite in a 
steel containing 2*65 per cent, of carbon 
and 0*07 per cent, of manganese, and 
etched with picric acid. Highly magnified 
photographs of troostite were also made 
by R. A. Hadfield and T. G. Elliott. 
Troostite thus appears as dark-coloured, 
irregular areas which represent sections 
through nodules ; it is generally accom- 
panied by martensite or sorbite, or both, 
or else it appears as a membrane sur- 
rounding martensite grains. F. F. Lucas 
described two types of troostite ; one ho 
called nodular, and the other flocculaT ; and 
J. H. Whiteley also considered two types 
of troostite, which he called troostite-M , 
and troostite- A . According to F. F. Lucas, 
in hypoeutectoidal steels the troostite is 
accompanied by ferrite, and in hyper- 
euteetoidal steels cementite, and even 
pearlite, may be present ; this, said A. Sauveur, indicates that the iron in troostite 
is capable of dissolving carbon as carbide up to the eutectoidal point, and hence he 
argued that the iron of troostite is in the ^3-state, because (i) a-iron can dissolve 
only about 0*05 per cent , of carbon and only carbide should be rejected by the 
cooling of troostite ; and (ii) the X-radiogram shows that it is noty-iron. 

H. C. Boynton adopted the hypothesis that troostite is a form of carbonless 
iron — ferrite — and since its properties, particularly its black colour on etching, 
differ so much from those of a-iron, he concluded that it was /J-iron. F. Osmond 
originally thought that trooBtitc is some transitory association of 0-iron and carbon, 
but he abandoned the hypothesis. F. Rogers, W. J. Kurbatoff, and C. Benedicks 
regarded troostite as a soln. of elementary carbon, not carbide, in iron ; but 
C. Benedicks showed that this hypothesis is not probable ; rather is F. Osmond's 
opinion that troostite is an intermediate form between martensite and pearlite 
more likely. F. Osmond described troostite as being nearly amorphous, slightly 
granular, and mommillated. J. 0. Arnold described what appears to have been 
F. Osmond’s troostite as emulsified carbon present in an exceedingly fine state of 
subdivision in tempered steels ; and W. C. Roberts- A us ten’s definition of troostite 
was practically the same. C. Benedicks added that there is a continuous transition 
between troostite and pearlite, and that troostite is pearlite with ultramicro- 
scopically small particles of cementite with the iron in the a- or j9-state ; it is that 
part of martensite in which the cementite has just begun to form — incipient pearlite 
formation— -byt owing to the rapidity of cooling, the separate particles of cementite 
have not attained such a size that they can be distinguished microscopically. 
As observed by E. Heyn, in hypoeutectoid steels troostite occurs as a zone 
following the borders of the ferrite ; troostite has not been observed within the 
martensite where it is not in contact with ferrite ; while in hypereutectoid steel 
troostite occurs by preference in contact with cementite, and W. J. Kurbatoff, and 
C. Benedicks said that the centre of the patches of troostite generally contain 



Fio. 119. — Troostite in Martensite 
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cementite. In agreement with C. Benedicks' assumption that troostite is a colloidal 
soln. of cementite, that is, a pearlite with ultramicroscopically small particles of 
cementite, W, J. Kurbatoff said that there is no clear boundary limit between 
pearlite and troostite, so that it appears as if troostite is a pearlite composed of 
very thin laminae- -vide infra , sorbite. A. McCance also concluded that (i) troostite 
consists essentially of a-iron which is in the amorphous state and not as it is in 
the crystalline form of ferrite, and (ii) that troostite contains carbon in suspension, 
and not in soln. as iron carbide. The magnetic permeability of quenched or 
tempered steel is greater as the amount of contained troostite increases, and con- 
sequently the iron is present in the a- and not in the -state. The growth of troostite 
was studied by S. Sato. 

According to F. F. Lucas, in nodular troostite there is a crystalline growth 
about a nucleus, probably a result of the reorientation of freshly formed particles 
of a-iron about an inclusion or pore, or along a grain boundary of crystallographic 
plane. The carbide collects in very thin plates, forming a laminated or sandwich 
structure with the ferrite. Pearlite is formed under one set of conditions. The 
microscopic pattern which results is a visible manifestation of the way the trans- 
formation occurs. If rapid, the pattern is acicular; if less rapid, nodular. 
K. Honda believes that martensite forms first and troostite next. There is nothing 
to show that the needles arc formed first and nodules second. If this were the 
case, nodules would sometimes appear with partially absorbed or transformed 
needles sticking out of their outlines, but none such has been seen. According to 
F. F. Lucas, the difference between martensite needles and troostite nodules does 
not lie in the ultimate constituents, for both seem to be composed of a-iron and 
iron carbide. The difference is the way in which the two structural forms have 
developed, and the grain-size of the particles of the carbide. There is a midrib 
in the martensitic needles indicating the plane along which decomposition first 
occurred. On each side of the midrib there js a tapering zone. These zones are 
not as fully transformed as the midrib, because the midrib etches out, forming a 
trough. The inner crystalline orientation of the needles appears in all cases to be 
the same as the orientation of the original austenite. In troostite, however, there 
is very definite evidence that the larger nodules develop about a nucleus, usually 
a pore or an inclusion, and they form into spheres. The nuclei at the centre of the 
nodules have grams radiating from them. A section of a troostitic nodule often 
looks like a wagon wheel in which the hub is the nucleus and the spokes are grain 
boundaries In the case of troostite the freshly transformed a-iron appears to have 
been reoriented without following in all details the old austenite crystalline 
symmetry. The subject was discussed by N. T. Belaiew. 

In the passage from martensite to jiearlile, the colloidal theory of C. Benedicks 
assumed that martensite first changed into a colloidal soln. of cementite in ferrite, 
and that by the coalescence of the individual particles of ferrite and of cementite 
pearlite was produced. The nascent, unresolved pearlite was called troostite. 
Troostite thus differs from pearlite solely in its mechanical state of aggregation. 
According to the osmondite theory of E. Heyn and 0. Bauer, it is assumed that a 
definite substance which they called osmondite- -after F. Osmond-— is formed as an 
intermediate stage in the passage of martensite to pearlite. The characteristics 
of osmondite are : (i) It is not cementite. (ii) It is more readily attacked by dil. 
sulphuric acid than martensite, ferrite, or cementite — vide infra. Fig. I SI- The 
solubility curve shows a maximum with the formation of osmondite, and it 
diminishes in both directions towards martensite and towards pearlite. The transi- 
tion stages between martensite and osmondite may therefore be denoted by the 
generic term troostite, and those between osmondite and pearlite, by sorbite. 
When dissolved in 10 per cent, sulphuric acid, out of euntact with air, the troostites 
leave no carbon residue but a residue rich in carbon containing little or no iron. 
The whole carbon content of the residue does not dissolve in hot cone, hydrochloric 
acid, but all the iron is extracted by that solvent. The free carbon so obtained is 
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distinct from the carbide carbon, which remains combined as carbide on dissolving 
steel in 10 per cent, sulphuric acid out of contact with air. This carbide is dis- 
solved by hot cone, hydrochloric acid, giving oS hydrocarbon gas, and leaves no 
carbon residue. This carbide first occurs in sorbites, and increases in quantity 
as the temp, of tempering increases up to the pearlite stage, the carbon of which 
is nearly all present as carbide, (iii) The colouring of all tempered steels in the 
presence of alcoholic hydrochloric acid, as well as the colouring of troostite and 
osmondite in hardened steels, is caused by the separation of free carbon 
Onnondite contains the maximum amount of carbon, and is coloured darkest, 
(iv) When hardened or martensite steel is tempered, most of the heat is lilierated 
below 400°. The transition from martensite to osmondite is therefore accompanied 
by the liberation of most of the heat, whereas the amount of heat liberated in the 
passage from osmondite to pearlite is very limited, (v) The segregation of one 
or more solids, x> from the solid soln. of martensite during its tempering up to about 
400° may proceed ult ram icroscopi rally or microscopically The x gives up the 
maximum amount of free carbon when treated with dil. sulphuric acid, and the 
amount of x therefore increases in passing in the troostites from martensite to 
osmondite, and decreases in passing in the sorbites from osmondite to pearlite. 
Osmondite was discussed by J. Caban, E. Maurer, ami 0. V. Greene. 

J. O. Arnold noted that the passage of hardenite into normal carbide is accom- 
panied by the evolution of heat ; it commences at about 100°, the change is more 
rapid at 250°, reaches a maximum velocity at about 300 ', and is complete at 4<M) . 
E. Heyn and O. Bauer observed the maximum evolution of heat at 360'\ Accord 
ing to H. le Chatelier’s hypothesis, the j: is a carbide, and, according to (’. Benedicks, 
a colluidal soln., wdnch may be called cew en 1 1 te-ferrosol . II. le (’hatcher s carbide 
shows reactions different irom those of the normal carbide, and it is changed at 
400° into stable carbide ; and C. Benedicks’ colloidal soln. is a metastable inter- 
mediate form which also passes into stable pearlite. W. Fiunkcl and E. Hermann 
inferred that an iron carbide of high carbon content, say Fe( mio WJ 11 ^tab- 
lished ; at present it is believed that osmondite and troostite contain the same 
carbide, Fc 3 C\ Osmondite is regarded as a state of steel exhibiting a maximum 
content of troostite, and thereby presenting a maximum speed of etching or dis- 
solution in acids Osmondite, said E. Heyn and O. Bauer, is characterized by . 
(1) a maximum degree of solubility ; (2) a maximum yield of free carbon when 
treated with dil. sulphuric acid ; (3) a rnaxmium degree of dark colouring when 
etched with alcoholic hydrochloric acid , (4; a change in the direction of the curve 
for re mane nee and coercive force ; and (5) a maximum Np gr. The troostites 
contain carbon which remains as free carbon when treated willi dil. acids, and aIbo 
carbon which escapes during dissolution in 10 per cent, sulphuric acid , the sorbites 
contain m addition carbide carbon. The subject was discussed by li. M. Ilowe ; 
and C. Benedicks, T. Matsushita and K. Nagasawa regard osmondite as a form id 
sorbite. 

F. Osmond applied the term sorbite— after H. (\ Sorby- - to pearlite which has 
not segregated ihtu the well-defined lamellar form. F. Osmond said that when 
the tempering is sufficient to efface the structure of martensite, it forms troostite ; 
and sorbite is pearlite that has not succeeded in being segregated for want of time 
or some other reason. Hence sorbite is unsegregated pearlite, a kind of transitional 
form between martensite, oBinondite or troostite and pearlite — vide infra , tempering. 
Sorbite is produced by tempering quenched martensite steels at 3U0" to 400° for 
20 mins, and cooling. Sorbite has been regarded as ultramicroscopically fine-grained 
pearlite. W. D. Bancroft, J. Alexander, H. le Chatelier, V. Kohlschiitter and 
K. Steck, and F. (J. A. H. Lantsberry discussed the colloidal structure of steel. 
T. Matsushita and K. Nagasawa regard sorbite as a mixture of iron with highly 
dispersed cementite. Heating troostite to 300° or 400° makes the dispersed 
carbon of troostite form cementite. The mixture of troostite and sorbite formed 
by tempering at 300° to 400° lias been called osmondite — nde supra. If sorbite 
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be heated to 450° or 500°, it forms granular pearlite. Some consider granular 
pcarlite or granular cement Ur to be sorbite. Hence it is also called sorbitic pearlite , 
and when referring to the contained carbon, sorbitic carbide. F. Korber and 
W. Koster studied the granular cementite ; and 0. V. Greene, the structure of 
sorbite. Troostitc of eutectoidal composition transforms into sorbite by forming 
a-iron ; hypoeutectoidal steel forms sorbite after rejecting excess ferrite ; and 
hypereutectoidal steel forms sorbite after rejecting excess cementite. In 1895 
J. 0. Arnold said that normal iron carbide exists in three distinct modifications, 
each one conferring upon the iron in which it is found particular mechanical pro- 
perties : (i) emulsified carbide, present in an exceedingly fine state of subdivision 
in tempered steel ; (ii) diffused iron carbide, occurring in normal steels in the form 
of small, ill-defined striae and granules ; and (iii) crystallized iron carbide, occurring 
as well-defined laminro in annealed and in some normal steels. The first of these 
forms is presumably the so-called troostitic carbide, and the second, the so-called 
sorbitic carbide. 

Consequently, sorbite cannot be properly called a constituent of hardened 
steel, but it can be regarded as a connecting link between annealed or pearlitic 
steels and hardened or troostitic or martensitic steels. The X-radiogram indicates 



Fl(J, J UranuJar Fig. 121. -Lamellar Fio. 122 . — Sorbite 

INmrlite or Sorbite Sorbite (F. Osmond). (F. T. Sisco). 

(E. Heyn), 

that sorbite, like troostitc and jHfarlite, is a mechanical mixture of ferrite und 
cementite. N. Yamuda found that at a given temp, the sp. hts. of troostitc and 
sorbite are the same as that of pcarlite. This agrees with the view that all three 
differ only in the degree of coagulation of the cementite particles and the inode of 
distribution. Sorbite is stronger, harder, and less ductile than pearlite, but softer 
and more ductile than troostitc. H. V. Boynton represented the hardness of sorbite 
by 52 when that of troostitc is 88, that of pearlite 4 3, and that of ferrite unity — 
vide infra , hardness. J. E. Stead and A. W. Richards discussed sorbitic steel for 
rails. H. 0. Boynton found that the production of sorbite is favoured by: (i) a 
high temp, at which cooling commences ; (ii) a small sample ; (iii) keeping the 
sample a long time at a high temp. ; and (iv) rapid cooling. According to 
(\ Benedicks, if martensite or austcnile has begun transformation which ultimately 
results in pearlite, troostitc is formed ; and if the martensite has not been com- 
pletely resolved into pearlite, sorbite appears. Troostitc is the first and sorbite 
is the last stage in the transformation of martensite to pearlite. Thus sorbite 
can lie regarded as an uncoagulated mixture of the constituents of troostitc and of 
pearlite. J. 0. Arnold doubted the wisdom of applying definite terms to indefinite 
transition products like sorbite and troostite. The time-honoured Fig. 121 ( X 1500), 
representing lamellar sorbite, is due to F. Osmond; and Fig. 120 (X1240), 
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representing granular pearlite, or sorbite, from a forged bar of crucible steel with 0*92 
per cent, of carbon, is due to E. Heyn. Fig. 122 ( x500), by F. T. Sisco, represents 
the sorbite in a steel with 0-30 per cent, of carbon and etched with alcoholic nitric 
acid. Some highly magnified microphotographs were prepared by R. A. Hadfield 
and T. G. Elliott. Sorbite contains : (i) hardening carbon or cementite in soln., which 
makes it herder and stronger than pearlite ; (li) a-iron, which makes it magnetic 
and relatively soft : and (iii) crystalline cementite. Sorbiffe is formed on tempering 
austenitic, martensitic, or troostitic steels. F. Osmond obtained soibitc bv cooling 
steel slowly enough to allow the transformation to produce an imperfect separa- 
tion of ferrite and cementite. This is done by the cooling in air of small samples, 
and then quenching in cold water or molten lead towards the end of the recal- 
escence. Sorbite gives a brown colour when it is etched by polishing, or by iodine, 
or dil. acids. H. von Jiiptner suggested that sorbite contains (Fe a C) 3 in soln., but 
there is no trustworthy evidence in support of this. The subject was discussed 
by A. Schrader. 

H. C. Sorby applied the term 'pearly constituent of steel to the material in steel 
which, when lightly etched, showed a peculiar play of colours suggestive of mother- 



I job. 123, 121, ami 126. — Structure of Pearlite. 

of-pearl. The plates are rarely over 0*001 mm. in thickness, and the plates of 
carbide-cementite, being much harder than the ferrite plates, stand in relief after 
polishing. This results in an arrangement resembling a refraction grating which 
produces the appearance of mother-of-pearl, particularly with oblique illumination. 
H. M. Howe called it pearlite. H. (\ Boynton found that its hardness is 4*3 when 
that of ferrite is unity and of cementite 272 ; but that, according to A. M. Portcvin, 
the hardness of eutectics varies with the fineness, the shape, and the distribution 
of the eutectic particles. A. M. Porte vm, and C. Benedicks studied the effect of 
an excess of one component of the eutectic in modifying its structure. F. L. Brady 
discussed the effect of the surface tension of the constituents on the eutectic 
structure. H. von Juptner gave 7-74 for the sp. gr. of pearlite. Pearlite consists 
of alternating layers of cementite and ferrite or sorbite, or grains of cementite 
embedded in ferrite or sorbite. Fig. 123 (x500) shows the pearlite in rolled steel 
with 0-869 per cent, of carbon ; and Fig. 124 (x500), the pearlite in the same steel 
after heating to 1040° for 6 hrs. and then slowly cooling. Fig. 12b (xb00) shows 
the pearlite in a steel with 13 per cent, of carbon, which hud been heated foi 
12 days to 1100° in wood-charcoal. Some cells of cementite occur in the broad 
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cells of poarlite. All three specimens were etched with a soln. of hydrogeu chloride 
in amyl alcohol. Some highly magnified microphotographs were prepared by 
R. A. Hadfield and T. G, Elliott. Fig. 126 (X300) shows a photograph after 
F. T. Sisco in a steel with 0*90 per cent, of carbon and etched with alcoholic nitric 
acid. The plates of carbide-cemenfcitc remain bright, for they are not affected 
by the ordinary etching 
agents, while the ferrite 
plates appear dark, be- 
cause (i) they arc tarnished 
by the etching, and (ii) 
they are depressed owing 
to their greater softness, 
and they stand in the 
shadow of the plates of 
the ccmentite-carbide. M. 

Mika mi raised the ques- 
tion whether the white or 
the dark parts in poarlite 
are comcntite or ferrite, 
but was unable to satisfy 
himself with an answer, 
because in lamellar pearl- 
ite the top of the lamellar 
cementite in relief appears 
white, whilst the side 
faces are dark; and be- 
cause the bottom of the 
lamellar ferrite between two consecutive lamellar cementites also appears white, 
whilst both edges are dark. 

The poarlite may take on forms other than the lamellar arrangement ; thus, it 
may appear granular — vide supra, sorbite. M. Oknof showed that poarlite forms a 
continuous connected network which is permeated throughout with cementite or 
ferrite grains. The percentage of carbon in pearlite is somewhere between 0-8 and 
0- 9 per cent., and this represents the composition of the eutcctoid mixture, at the 
eutectic temp., corresponding with the A j -arrest, Fig. 128. At this temp, the solid 
hoIii., austenite, martensite, or hardemte, is transformed into the pearlite aggregates 
of ferrite and cementite. This transformation implies the passage of y-iron to 
j3- and a-iron, or to a-iron directly ; the crystallization of a-iron into parallel plates, 
or lamellae ; and the formation and crystallization or crystallization only of the 
cementite, Fe 3 0, into parallel plates alternating with the plates of ferrite. 
W. E. Dalby said that steel containing about 0 9 per cent, of carbon is built up 
of blocks of pearlite, and that pearlite consists of alternating sheets of iron and 
cementite, packed closely together, 60,000 to the inch, and that these packed sheets 
are bent into shapes suggesting that their final forms have been developed by the 
complicated play of internal molecular forces. The structure of pearlite was 
discussed by H. E. Publow and co-workers, and H. Styri; and the effect of 
grain-siz* on the rate of formation of pearlite, by U. Dehlinger. 

G. Tnmmann and E. Scheil said that the transformation of austenite into pearlite 
may take place at 100°. Pearlite so produced has a greater sp. vol. than the pearlite 
of soft steel, but the excess decreases with rise of temp., and vanishes at about 
500°. The transformation of austenite and martensite to pearlite may be con- 
tinuous or discontinuous, passing through intermediate stages represented by: 

Auh tonilp v> M art wisi tr r o<mtito ^Sorbite v ^Poarlite j (kinentite 

By suitably varying the rate of cooling, the alloy may be retained at ordinary 
temp, in any of these intermediate states. This depends on the fact that the change 
VOL. xii. 3 i 



Kin. 120. — Minute Structure of Pearlite (after F. T. Sisco). 
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from austenite to pe&rlite is a time reaction, and if the time occupied in cooling 
through the critical range is less than that required for the complete transformation, 
one or other of the intermediate states persists. It is also assumed that the inter- 
mediate states are stages in a continuous change ; that the reaction which has been 
arrested by abrupt cooling will be resumed when the steel is reheated ; and that 
the results obtained by cooling at different rates or rapid cooling followed by reheat- 
ing to different temp, are different means of attaining the same object -namely, 
arresting the austenite^pearlite transformation at an appropriate stage. As 
J, M. Robertson has shown, these assumptions are not quite right. The effect of 
speeding up the rate of cooling not only restricts the time taken to cool through the 
critical rafige, but it also lowers the temp, at which the transformation begins — 
vide infra, the doubling of the Ar r arrest . 

K. Honda showed that since the Arj -arrest represents the change of soln. of 
carbon in y-iron into a mixture of a-iron and eementito, the transformation of 
austenite into pearlite involves a sequence of consecutive reactions ■ (i) a change 
in the configuration of iron atoms from the face-centred to the body-centred 
lattice ; and (ii) the separation of carbon atoms from the interspaces of the lattice, 
(iii) to form cementite as they leave the lattice ; otherwise expressed, the Ar r trans- 
formation involves the changes : austenite-* martensite-*- pearlite With extremely 
rapid cooling a martensite mixed with some unchanged austenite is formed, and 
in some cases the troostitc develops in a granular form about the boundary of the 
austenite. This does not mean that t roost ite is formed directly from austenite. 
X-radiograms Bhow that troostite, sorbite, and pearlite are all mixtures of a-iron 
and cementite, hence the change from austenite to t roost ile necessarily involves 
a change in the configuration of the iron-lattice to form martensite, and the subse- 
quent change of martensite into a-iron and eementito K Honda and A. Osawa 
also found that in quenched steels the amount of retained austenite is greater on 
the outer layer than in the inner one For the same steel this difference increases 
as the quenching temp, is raised, and for the same quenching temp it increases 
as the carbon content M. Chikashige interpreted the A 1 -transformation by the 
following scheme : 

J J oarlito — stable' 
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The subject was discussed by T Murakami. The formation of cementite from 
austenite was discussed by H. Haneraann and 0 Hchroder, and K, H. Mehl and 
co-workers. The thermal value of the change austcnite->pearlitc at 700°, the 
A^-arrest, was found by K Honda to he 18-2 rals., in agreement with values by 
P. Weiss and N. Beck, and A. Mcuthen K. Honda gave for the transformation 
austenite-* martensite 4*3 cals. ; so that the change niBrtensite-*pcarlite approxi- 
mates 13*9 cals., provided that the sp hts. of pearlite and martensite are the 
same at 700°. The subject was also discussed by K Honda and T. Kikuta, 
M. Chikashige, and E. Scheil. Immediately afteT the Ar r arTeBt and the a-iron 
and the tritacarbide or cementite have separated, the two constituents arc in 
a very fine state of subdivision, so that if the mixture be kept in that state 
by abruptly cooling the mass, the intermediate stages appear, but if the mass be 
kept at a temp, just below the Ar r arreBt, the fine particles of each constituent 
coalesce to form alternate layers or bands of ferrite and cementite. If, however, 
the time be prolonged, the plates become thicker, until finally the cementite 
becomes isolated in large patches surrounded by crystals of ferrite. 



IRON 


8b 1 

F. Osmond refoired to the coalescence of the cementite in steels vith less than 
0*5 per cent, of carbon, whore the pcarlite areas become bounded by a bolt of 
partly formed cemcntite with ragged edges which he termed atolls ; the phenomenon 
was not observed in eutectic and hypereutectic steels. The balling-up- spheroidiza- 
tion, or coalescence - of the cementite lamella? into globules or spheroids is dependent 
on the extent of the annealing, and it is found in well- annealed steels, malleable 
cast irons, and in grey cast irons The different appearances furnished by the 
balling-up of the constituents of the pearlito have been called different names — 
e.g. globular pearhte ; (\ Benedicks thus recorded a bead-like variety -beaded 
pcarlite or necklace pcarlite. The strands of spherules represent a transition stage 
in the conversion of lamellar cementite into globules or spheroids. The spheroidizing 
of the cementite, particularly in high-carbon steels, is effected by heating the 
metal at or near the critical temp , followed by cooling slowly in the upper part 
of the cooling runge Fig 127 (> 1000), by R S MacPherran and J. F. Hurper, 
represents a steel with 0*45 
per cent of carbon and 
0-57 per cent of man- 
ganese, which has been 
treated three times, each 
time for about 48 hrs., 
at about G70'\ so as to 
spheroidize the pearhte 
K. Honda and S Saito 
found that if a quenched 
sjiecimen be heated to 
below the Ac, arrest, aor- 
lutui cementiie splioroid- 
izos , if a hypeieutectoid 
<deel be heated above the 
Ac r arres1, but below the 
solubility line, and 
quenched, the suporeutec 
toid cementite spheroid- 
izes ; if a lamellar, pearl- 
ltic steel be heated just 
up to or a little above 
the Acj-arrest foi u certain interval, spheroidization occurs ; and if granular 
pcarlite lie heated below the A^-aricst for a sufficient length of time, 
spheroidization occurs. If the Acj point be not attained, the spheroidization 
of the lamellar cementite does not occur. If the maximum temp, exceeds a 
e’ertain limit above the Ac, -arrest, and the steel be cooled, the cementite 
forms lamellar pearlile. The temp interval of spheroidization in low-carbon 
steels is very small, extending only to about 20° ; it increases rapidly with the 
content of carbon, and in high carbon steels amounts to about 100°. A. Pomp 
and R. Wijkander found thHt spheroidal cementite dissolves more quickly thaiP 
lamellar cementite, and consequently the latter form requires a more prolonged 
heating before the metal is quenched for hardening. The subject was studied by 
A. M. Portcvin, D. Hanson, J E. Stead, ,1 H. Andrew and H A. Dickie, A Schrader, 
H. C. IhRen, A. M Portevin and V Bernard, H Hanemann and F. Morawe, 
H. Hanemann and V. Lindt, H. M. Howe and A. (4. Levy, A. Sauveur, 

A. L. Babochinc, R. A. Thnkore, A. E. White, V IT. Deseli and A. T. Roberts, 

B. Stoughton and R D. Billinger, M. Oknof, B. Kjcrrman, A. Allison, N. (4 Ilyne, 
J. H Whiteley, J. 0 Arnold, O V (Ireene, K F. Lange, F Osmond, P. Goerens, 
B. Iechewsky, N. T, Belaiew, and S. Kobayashi. T. Isiliara studied the influence 
of various elements on the spheroidization of the carbides in steel. He observed 
that if manganese is present, the spheroidization interval of temp, above the 
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Fig. 127. — Spheroidized Pearhte. 
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Ai l-arrest is slightly increased proportionally with the manganese ; and the increase 
of the interval of temp, is much greater with the addition of chromium or copper. 

By varying the conditions of time and temp. y almost any degree of fineness can 
be obtained between balled-up cementite and ultra-microscopic grains. Usually the 
pearlite in hypoeutectoid&l Bteels is finely laminated, while that in hypereutectoidal 
steels is coarser. According to J. H. Whiteley, the temp, of the formation of 
pearlite in steels at the Ai^ -arrest is not constant, but is lowered by increasing the 
rate of cooling. Again, the presence of nuclei of cementite within the y-iron region 
induces the crystallization of cementite and ferrite as globular pearlite at a temp, 
much higher than that at which growth occurs in the absence of nuclei. When 
the growth of lamellar pearlite has started, it proceeds gradually, so that it is possible 
by quenching to obtain a specimen with intermixed areaR of pearlite and martensite. 
This all shows that there is a lag in the transformation at the Ar 1 -arrest, By 
analogy with supersaturated soln. it is inferred that lamellar pearlite is formed 
from supersaturated solid soln. The delayed crystallization, said A. F. Hallimond, 
may Ik? hastened by violent mechanical working, which in solid soln. is equivalent 
to the agitation or stirring of a liquid to initial crystallization. J. H. Whiteley also 
proved that when steel is in a metastable state at the temp, of the Ar^arrest, the 
lag, or delay in crystallization, is abbreviated. G. Taiumann and G. Sic be! found 
that the rate of formation of pearlite remains constant in steels with 0*23 to 0-96 
per cent, of carbon until the rate of cooling has fallen to a critical vulue, after 
which it falls off rapidly. The maximum linear speed of transformation of y-iron 
to pearlite was 550 mm. per sec. The speed of transformation increases with 
increasing proportions of manganese ; and it is less in air than in hydrogen. 

N. T. Belaicw studied the stereometry of pearlite grains. He found that the 
cementite lamellae in a grain of pearlite are arranged roughly parallel to one another 
and to the crystallographic plane of the grain — presumably to one face of the cube. 
A secant plane perpendicular to that face will be normal to the lamellae, and the 
angle of inclination, co, for that plane will be zero. All the N lamellae of the grain 
will appear on the normal plane ; and the distance, A> between two lamella; on 
such a plane will be the actual distance, Ao- As the angle ai increases, the number 
of lamellae, w, seen on a section of the same grain decreases, and the apparent 
distance, Aw. between two lamellae increases. Since coscu— w/A r -Ao/Aw» the 
graph of natural cosines will show the ratio of the decrease in the number of lamellae, 
and of the increase in the distance between the lamellae — i.c. the coarseness of the 
structure of the lamellae. Since Ao an d Aw can be measured on a suitable 
imcrophotograph, the angle of inclination, cu, can be calculated from cos co 
Ao/ Aw- When the angle of inclination, approaches 80 n , distance Aw between 
the lamellae becomes five times greater than Ao i ten times greater when c*>=84 a ; 
and twenty times greater when o>=87°. Henec the change in the aspect of the 
pearlite in different sections. Imagine an idealized pearlite with a hundred 
cementite films of thickness 10 Ojift packed in alternate layers with ferrite lamelto 
300/z/i thick. The thin, rigid films of cementite thus appear embedded in a matrix 
of ferrite. 

As steel cools it contracts, in accord with the laws of cooling bodies, but in 
passing through the Ar 1 -arrest there is a sudden dilation resulting from the change 
from y-iron to a-iron. The expansion in passing from a face-centred to a body- 
centred lattice is about 9 per cent., and the linear expansion about 3 per cent. 
This arrest m the contraction is followed by the normal cooling contraction. As 
a result, pearlite, during and after its formation, is subjected to stresses, so that the 
cementite lamella? get warped and twisted, giving rise to steps in the cleavages ; 
at the same time the ferrite himcllio sre split int-o a multitude of cubes. These 
deformations are in accord with (\ G. Darwin’s observations on the working and 
cracking of crystals. The dimensions of the ferrite cubes are of the order of 
magnitude of the wave-length of light. During the deformation of the cementite the 
ductile matrix of ferrite acts as a protective coating, and the brittle cementite 
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ftlniH can be more 01 less bent and distorted to produce a curvature of the cemeniitc 
lamellae in the pearlite Tiuc icmentite particles are usually ancular and straight, 
and when the cementite lamelhn m pearlite are straight, they are close to free 
rementite, suggesting an earlier stage of crystallization The structure of eutectics 
was discussed by 0 Benedicks, A M Portevin, C H Green, and F L Brady , 
and the theory of labile and metastable soln -1 9, 6 -by A F Hallimond 
The Hindoo steel, damascene oi damascus steel, called in Russia poulad oi 
bulat, appeared in Western Kuropc during the Middle Ages It often came via 
Damascus hence the name The same steel appeared on the Fuiopean markets 
in the seventeenth centuiy as WOOtz or wooz Various early wuters have nferred 
to the manufacture of this steel ) Chardin, P Anossoff, R A Hadtuld, 
J B. Tavermei , H W Vovtey P Obirhoffcr and cowoikers, J M Heath, 
D Mufthet, D Lardnei, M Bazin G Pearson F Buchanan, etc Allusions to 
the famous sword blades of Irdia are frequent in Arabic literature , the ondaniyue 
of Marco Polo is considered to have been a fine steel resembling Indian steel vtrft 
supra, hardening steel The history was discussed by N T Belaiew IT Wedding 
gave an analysis of wootr steel A R Roy described its manufacture in India , 
B Neumann, and W Guortler discussed the structure and manufacture One 
external characteristic of the steel is its patterned surface markings, oi sin face 
watering Hence the Persian term poulcui jauhei (hr meaning steel with a watered 
surface Fig 128 will give an idea of the surface of damascene steel It is a photo 



Fic 128 - The Surface ot Dauiascc lie Blade- Knoyassan watering 


graph by Col Belaiew, from a damascene blade in the Wallace Collection which 
appeared in his Crystallization of Mttah (London, 1922) The quality of the Oriental 
sword blades made from the steel appears to have been judged by the pattern of 
the watered surface The pattern changes according to the proportion of cirbon 
present in the steel and P Anossoff said that it ranges from parallel stripes to wavy 
ones, then to mottled ones As the proportion of carbon increases the ihequeicd 
mottle grows bigger forms grape vine patterns, and hnallv extends over the whole 
breadth of the metal, dividing it into almost even and equally patterned veitcbi r 
This is the most prized vnnety, and forms the Persian kirk varduban the foity 
steps of Mahomet s ladder The steel is extiemely ductile so that P AnussoR 
could say that a blade of good damascene steel cannot be bioken by bending, but 
can yet be bent to such an extent ns tu lose its elasticity When bent m the usual 
fashion the blade Hus back and retains its original shape , and when bent moil 
foicibly, say it a light angle, it (loos not bieak oi lns< its original elasticity when 
straightened out again li K TschernofT considered tins kind of steel to be the 
best evci manufuc tilled Analyses reported by R A liadheld, I Ilimnfl and 
N T Bilaieiv show that tin propertion of carbon usually langcs fiom 1 0 In 1 80 
per cent The variegated suifacc of the Oriental swords was at hist attributed to 
the metal having been compounded of bars and wires of iron and slot 1 weldi cl and 
wrought together and then twisted Xy forging m various directions J Biodart 
and M Faraday experimented on alloys of iron with yarious metals with the idea 
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of (Uncovering the origin of the watering. J. R. Brdanfc assumed that the damask 
effect is due to the irregular distribution of carbon in the metal, whereby two distinct 
combinations are produced ; the slower the cooling, the larger the damask veins. 
The mode of manufacturing damascene steel was established by the experiments 
of P. Anossoff, and N. T. Bclaie w . The conditions of annealing the hypeieutectoidal 
steel me similar to those employed by H. M. Howe ami A. G. Levy, and J. E. Stead 
for spheroidizing the cementite, and divorcing the eutectoidal pearhte so aH to form 
globulites of cementite. Hence, said N. T. Belaicw : 

Hearing in mind tliat hypercutectoid steela Rpheroidixe more readily than eutootoid, 
and that forging through the critical rango facilitates the process very much, we must 
vcadiK admit that structures such as those of the Oriental blades are usually arrived at 
without am additional tempering, but only through *a very elaborate forging at com* 
paratnclv low temperature. . . . The heating should be but Hlightly in excess of the 
critical temperature, bringing the article only partially to tho austenitic stage, so that the 
cement ito pattern remains practically intact. The hardening process then altered only 
the composition of the background, transforming it into a martensite stage, which finall>, 
aftei annealing, was brought back to troostite. 


In 1897, H. le Chatelicr, 2 and in 1911, L. (trend showed that the temp, at 
which martensite changes to pearlite, the Aj-arrest, is lowered by quenching. 
A. M. Portcvin, A. M. Portevin and M. Garvin, H. Hanemunn and co workers, 
P Chevenard, P. Dejean, K. Honda, K. Honda ami r J . Kikuta. and A F. Hallimond 
found that with quenching, or very rapid rates of cooling, carbon steels give 
transfoi nmtion points in thp vicinity of 300 . M. MaslofT emphasized the 
importance of the effect of the rate of tooling on the Ar r airest, and K. Ducvcs 
illustrated the phenomenon by Fig, 129 The Aij-arrc*t is depressed to Ar' bv 

increasing the speed of cooling to (hi , and any 
A further increase in the rate of cooling depresses the 

k ^ Ar r arrest still more, but simultaneously a second 

^ arrest appears, Ar", and troostite is formed When 

'**■ the speed of cooling has increased to Ob, the Ar' 

airest disappears, and the Ai" arrest alone occurs, 
^ with the formation of martensite nrfr i supra This 

nomenclature is due to A M Portevxn, who culled the 
arrest between 700° and G(H) J the Ai'-mrcst, and that 
lm. 1 29.- The Effect of the k e t wee n /MXF and 250' the At"-aned This splitting, 

AiTeflt. lowering, or doubling of the Ar, -arrest was also 

observed by F. Osmond, during his study of the 
tungsten steels, in 1892 ; it is not to be confounded with the tw'inmng of the 
A 2 -arrest — vide supra. The phenomenon is fairly common w r ith the alloy steels- 

vide nickel steels. Thus H. J. French and 0. Z. Klop&rh observed it during the 
cooling of a 0*98 per cent, carbon steel at various rates from 875°. It was also 
observed by T. Kikuta, H. C. H. Carpenter, K. Honda, T. Murakami, etc. 
K. Honda and T. Murakami, and A. Hultgren noted that the doubling of the 
Ar 1 -arrest occurs with tungsten steels, and A. Hultgren, with chromium steels 


and nickel-chromium steels. With tungsten steel, containing up to 1*29 per cent, 
of carbon, the rec&lescence at Ar" was identified with a separation of ferrite, 
usually as needles, called secondary ferrite, sometimes, but not always, depending 
upon subsequent rate of cooling. This is followed by carbide formation, visible 
as dark etching areas around the ferrite. Furthermore, by keeping the specimen 
during cooling at different temp, for varying lengths of time, followed by 
quenching, it was found that the quantity of ferrite formed increased with temp, 
and that it was a function of the temp, rather than of time. In other words, 
there appeared to be a metastable equilibrium between the ferrite and the 
austenite, probably corresponding with the stable equilibrium curves extended to 
lower temp. This explains why such unexpectedly great quantities of ferrite 
might be separated even in high-carbon alloy steels. That carbide is not set free 
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at the same time was tentatively explained by assuming that in an alloy steel, 
stabilized by heating to high temp., the rate of separation of carbide out of soln. 
was slower than that of ferrite. The ferrite formed etched like ordinary ferrite, 
but might on prolonged etching assume a light brownish tint, the more so the 
lower the temp, of formation. 

It is generally assumed that sorbite and troostite are formed from pearlite 
at the Ar'-arrest, and martensite at the Ar"-arrcst ; and there are now two hypo- 
theses : (i) The Ar"-ohange is the completion of the consecutive series of changes : 
austenite^-imartensite^troostite^^orbite.- penrlile interrupted at the martensite 
stage. If so, then the discontinuitv in the lowering of the change from Ar' to Ar" 
remains unexplained, for if one change in alone involved, it would probably be 
depressed progressively by an increase in the rate of cooling, (ii) The Ar'-arrest 
is a direct change from austenite to pearlite sot bite, or troostite, and the j\r"-arrest 
a direct change to martensite. In general, a transformation in a pure substance 
is gradually lowered as the rate of cooling increases. This phenomenon is an 
effect of hysteresis or lag, but with an alloy of two or more metals, as in the case 
of the .A ^-transformation of steel, a stepped change occurs. T. Murakami explained 
the doubling of the arrest as an effect of a kind of supercooling of the austenite 
in the changes: austenite martensite (ferrite -(-cementitie) — vide infra . 
T. Murakami said that in chromium steels the doubling of the arrest is due to the 
presence of a chromium carbide, which, on passing into soln. at the Ac-arrest, 
dissociates into a simpler carbide and chromium, so that the chromium causes a 
doubling of the anest on cooling. (J. A. Edwards and co-workers concluded that 
the phenomenon w T us also dependent on the action of a chromium carbide, but 
gave the carbide a composition different from that found by T. Murakami. Both 
observers based their conclusion on the fact that the arrest is doubled only when 
the ratio of chromium to carbon exceed^ a certain limit. W. T. Griffiths added 
that this does not agree with his observations that the percentage necessary to 
cause a complete depression of the Ar'-arrest depends not only on the proportion of 
carbon present, but also on that of nickel. A complete dispersion is also possible 
before the chromium : carbon ratio has attained the value necessary to give the 
carbide whose presence is considered necessary for the doubling of the arrest. 

J. II. Andrew and co-workers said that a carbide expansion occurs above and 
during the Ac arrest owing to the dissociation of a complex (Fc 3 C) n into simpler 
molecules. This dissociation by increasing the mol. cone, in soln. causes a depression 
of the arrest, f 'hromium carbide also dissociated at high temp., the carbon remain- 
ing with the iron, and the chromium dissolving in the iron. Nickel and chromium 
act together in keeping the carbide in the dissociated state and thus assist one 
another in depressing the arrest. W. T. Griffiths added that increasing the carbon 
should give an increased tendency to the doubling of the point, since, with a given 
treatment, the cone, of the dissociated carbide molecules would then be likely to 
increase on soln. ; but this iB not the case. If the hypothesis be correct, 
W. T. Griffiths also said that the temp, necessary to produce the cone, of dissociated 
molecules necessary to depress the point would be lower the higher the percentage 
of carbon. This is not in agreement with observation. Again, with either of the 
above hypotheses, it is necessary to assume that the carbides exist in solid soln. 
as such. Z. Jeffries and R. S. Archer hold that in austenite the carbide is dissolved 
os carbon atoms, not as carbide molecules, and this view is in agreement with the 
X ray spectra observed by A. Westgren, A. Wcstgren and G. Phragmen, and 
E. 0. Bain. The work of W. Rosenhuin, and E. 0. Bain also makes it difficult 
to assume the existence of large complex molecules of carbide in the space-lattice 
of y-iron. A. M. Portevin and P. Chevenard, and K. Honda regard the doubling 
of the Ar-point as an effect of the special elements on the allotropic change ; and 
A. M. Portevin and P. Chevenard consider the lower point as one of labile equilibrium 
between a solid soln. of carbon in y-iron ^austenite) and a labile, solid soln. of 
carbon in a-iion. P. Dejean, and H, Scott regaid the lower point to be the 



856 


INORGANIC AND THEORETICAL CHEMISTRY 


Ai 3 , 2 -&nest depressed by rapid cooling. H. Hanomann and A. Schrader proposed 
an explanation based on the existence of a new modification of iron. 

W. T. Griffiths assumed that nickel and chromium exert a double effect in 
retarding the y- to a-change and in keeping carbon in Boln. In standard nickel- 
chromium steels the nickel is almost entirely in soln. in a-iron, the carbon is practi- 
cally all present as carbide, and the chromium is almost entirely out of soln. as 
carbide. In agreement with C. A. Edwards and co-workers, in Bteels with higher 
proportions of chromium some will be in soln in the a-iron. As the steel passes 
through the Ac-point, carbides pass slowly into soln., while the chromium and 
carbon diffuse outwards from the position of the carbide lattices In agreement 
with the observations of W. Rosenhain, E. 0 Bain, and E. A. Owen and 
G, D. Preston on solid soln., the nickel and chromium atoms replace some iron 
atoms in the y-iron lattice, distorting the lattice to some extent. It is assumed 
that, owing to its small size, the carbon atom does not replace an iron atom, but 
is situated between the atoms of the face-centred lattice The effect of the sub- 
stitution of nickel and chromium atoms for iron is to make the position of the 
carbon atoms more stable, and, in turn, the carbon atoms would tend to hold tin* 
iron atoms in their high temp, arrangement 

W T. Griffiths continued : If the heating is interrupted just above the Ac point, 
where dissolution and allotropic change are completed, very little diffusion will 
take place, and on slowly cooling the reverse change will occur to give the higher 
Ai'-point and a structure of pearlitc and feint e or cementite or complex carbide 
If the heating be continued, diffusion will proceed further. The rate of diffusion 
of the carbon will be higher than that of chromium, but not so high a,* in carbon 
steels, owing to the retarding effect of the nickel and chromium As the chromium 
diffuses, the combined stabilizing effect of the chromium and nickel on the carbon 
will spread, and the effect will probably increase with rise of temp < ’onseqiiently, 
owing to the different lates of diffusion of carbon and chromium, the stability of 
the former will vary throughout the steel until a sufficiently high temp, or long 
period of soaking is employed On cooling, a different condition obtaum just above 
the Ar'-arrest, for if the above effect has occurred throughout the whole steel, a 
much slower rate of cooling will Ik; necessary to allow they- to a change and the 
precipitation of the carbide ; while if the rate of cooling be fast enough, the whole 
mass may pass thiough the Ar'-pomt without any nuclei being formed on which 
recrystallization may occur. E W. Ehn discussed the effect of oxide and other 
impurities in providing nuclei for recrystalbzation. If the steel is not homogeneous, 
with certain rates of cooling, in some areas the allotropic change will occur and 
carbide come out of soln. Nuclei will thus be fonned and recrystalbzation set in. 
Whether the recrystalbzation is completed or not will depend on the iatio of the 
rate of cooling to the velocity of crystallization, and tin* latter will also depend on 
the velocity of diffusion. Hence, the change will occur m some parts of the steel, 
while others pass through the ciystallizing range without change. Hence, part 
of the recrystalbzation will occur at Ai', and the remainder completed at the lower 
temp. At". Again, if throughout the mass the cone, of nickel and chromium is 
sufficient for the rate of cooling, the whole of the steel will pass through the upjier 
point without change. Consequently, the proportions of eaibon, nickel, and 
chromium required to depress the Ar-pomt are all intcrd'*]>oiidont ; so also are 
the effects of the initial temp., the time of soaking, and the rate* of cooling 

W. T. Giiffiths continued : If no recrystalbzation incurs at Ar' as the steel 
cools, the lattice will contract on itself, and the tendency to icturn to the more* 
stable c ubc-rentred lattice will increase. A. F. Hallimond likened tins steel to 
the metastable condition of supersaturated soln. Finally, at a temp, depending 
on the proportions of nickel, chromium, and carbon, and on the rate of cooling, 
the lattice can no longer remain in the y-state, and recrystalbzation will begin. 
The resulting product, as in the case of Ar', will depend on three factors- the 
texnp. of the change, the rate of cooling, and the composition of the steel, for all 
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these alter the rate of diffusion and the rate of crystallization. Provided the rate 
of cooling is not excessively high, the iron will almost entirely change into the 
a-lattice. The carbon, being only slightly, if at all, soluble in this, will tend to 
diffuse from the changing areas, while some atoms will probably combine with 
neighbouring atoms to give Fe a C-molecules. The chances of a carbon atom having 
a suitable number of chromium atoms in its neighbourhood to give either of the 
known chromium carbides will be remote. Molecules of iron carbide will almost 
alone be formed, and hence J. H. Andrew and co-workers found no chromium in 
the carbide residues from steels with small proportions of that element. The 
remaining carbon will tend to diffuse towards these nuclei and cany on crystal 
growth. If the temp is sufficiently high in those areas which are lower in 
chromium content, the carbon, provided the rate of cooling is slow enough, will be 
able to diffuse at a sufficiently rapid rate to feed the growing crystals of carbide. 
If this rate of diffns on is not high enough, either by the rate of cooling being too 
rapid, nr by the retarding action of the nickel and chromium, the carbon atoms will 
be trapped in the changing iron and martensite will be produced. In any case, 
it is unlikely that the crystals of carbide will grow to any large extent, and the 
high dispersion characteristic of troostite will be usual. 

Observations on the Ar'-, Ar"-, Ar"'-arrests show that these temp, can be all 
represented on one curve, and it is doubtful if the Ar"'-arrest can be regarded as 
being the Ai "-point depressed by the high carbon content of the steels which show 
the phenomenon. W. T. Griffiths showed that carbon is probably the determining 
factor in the production of the Ar"'-pomt — at least, in steels of the comparatively 
low nickel and chromium content used commercially. Once the steel has passed 
through the Ar'-arreSt without rec rystallization, the carbon tends to hold the lattice 
in the high temp arrangement, and its effect is relatively great. Also, J. H. Andrew 
and co-workers have pointed out the difficulty of obtaining the Ar^'-arrest with 
steels containing less than a certain percentage of carbon. Nickel and chromium, 
though they very easily produce depression of the point to the Ar"-arrest, are not 
so effective in giving an Ar"'-point when the carbon is low. A. M. Portevin and 
P. Ghcvcnard have suggested that the duplicating of the lower point is due to the 
slowness of diffusion of the carbon after going into soln. Though it is probable 
that the effect is due partly to this, it does not explain why tl e change from Ar"- to 
Ar'"-arrest is so sudden, unless it be assumed that there is an initial pronounced 
non-umformity m the steel If this assumption cannot lie made, it is possible that 
when the requisite percentage of carbon is present, on raising the teinp. sufficiently 
above Ac, there is a further pronounced effect on the lattice, making it still more 
stable on cooling. What that effort is and how it is brought about is not known ; 
it may be very tentatively suggested that if the carbon is initially in soln in the 
way mentioned above, with higher carbon content and raised temp some of the 
atoms may enter the y-iron lattice and in this way produce a more stable arrange- 
ment. Initial temp, and time of soaking will affect the relative magnitudes of 
Ar"- and Ar"'-arrests in the same way as for Ar'- and the Ar"-arrcsts, that is, 
by regulating the amount of diffusion which will take place. 

J. M. Robertson has made a study of the sequence of structures obtained when 
austenite is decomposed at progressively lower temp. He concluded that the 
ultimate composition of the decomposition products of austenite varies gradually as 
the temp, at which the transition takes place is lowered. When the transition takes 
place at the normal temp., the product consists of a-iron and cementite. As the 
temp, of the transition is lowered, more carbon is retained in soln. in a iron, and less 
separates as cementite. The crystallographic form of the product of the decom- 
position of austenite depends on whether the decomposition is initialed by the 
allot ropic change or by the formation of cementite. The Ar' change is minuted 
by cementite, and the series of structures obtained at Ar' is determined by this 
fact. The A ^'-transformation is initiated by the allotropic change, and the 
structures formed at this change point are related to the crystallographic planes 
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of the austenite. The relations between the Ar'- and Ar" points are determined 
by the fact that the allotropic change and the formation of cementite are differently 
affected by variations in the rate of cooling. The formation of cementite is slightly 
lowered, interrupted, and suppressed by a progressive increase in the rate of cooling. 
The allotropic change is progressively lowered as the rate of cooling is increased. 
The progressive lowering of the allotropic change cannot be realized in steels 
containing more than 0-2 per cent, of carbon, for in these steels, with certain rates 
of cooling, the decomposition of the austenite is initiated by the formation of 
cementite, and this change must be suppressed before the initiation of the trans- 
formation by the allotropic change can again be realized. In low-carbon steels, 
however, the structure passes directly from ferrite and pearlite to solid soln. 
structures, whose crystallographic form is similar to those produced when the Ar"- 
change in high-carbon steels takes place at a high temp. There are two series of 
stmetures produced by increasing the rate of cooling. Within each series the 
variation in structure is gradual. All structures formed at Ar" may be tempered, 
and the tempered structure is related to the original structure, to the time, and to 
the temp, of tempering. The structures formed by cooling at different rates 
cannot be obtained by tempering other structures. Bo far as crystallographic 
form or structure is concerned, there is no relation between cooling at different 
rates and tempering at different temps. The same ultimate constitution may, 
however, bo produced in either of two ways When the a solid soln. produced 
by very rapid cooling is reheated, carbon gradually separates from soln and form* 
cementite. By reheating to different temp all variations in constitution between 
solid soln. and ferrite-cement ite aggregate may be obtained. Thus the globular 
structure, formed by tempering above GOO 3 , may have the same ultimate constitu- 
tion as the fan structure, but the crystallographic form and the general properties 
of these two stmetures are entirely different. 

The dissolution of the pearlite by iron with a rising temp, was discussed by 
H. Jungbluth, etc. The sequence of changes which attends the cooling of iron 
or steel is more or less reversed as the temp, is raised- -ride supra . 

In 1786 L. B. G. de Morveau, 1 * in his Mtmoire sur la conversion du fn at at'ier , 
showed that tout fer peut devemr acicr , and he described his idea of the part played 
by carbon m converting iron into steel. He showed that carbon can exist m steel 
in two forms— fa plumbagme (graphite) and le charbon mtallujue (iron carbide). 
J. R. Breant also examined the steels microscopically, and classified steels into 
three groups according to the percentage of contained carbon 1\ II. Berggren 
compiled a bibliography of the combinations of iron and carbon. As 
indicated in connection with the iron carbides — 6* 39, 20 the finely divided 
carbon which separates from white cast iron and certain steels during their pro- 
longed annealing has some of the properties of graphite ; and, according to 
A. Ledebur, graphite is also formed by the rapid hammering of high-carbon steel 
at a red-heat. The graphite is insoluble in dil. acids. It is called annealing or 
temper carbon — or carbon de recuit-- A, Ledebur’s term, Temperkohle , z.e. temper 
carbon , is not so often used in England, because of the difference in meaning between 
the terms “ tempering ” and “ annealing." The annealing or temper carbon in a 
sample of malleable cast iron is illustrated by J. E. Hurst’s diagram, Fig. 130 
(X200). There are three hypotheses as to the nature of annealing carbon: 
(i) 0. James held that this carbon is a modification of graphite ; A. Lissner and 
R. Horny, that it is the same as iron graphite, since both forms have the same heat 
of combustion, but are in different states of subdivision ; and L. Northcott, that 
graphite and temper carbon arc the same substance, but of different degrees - of 
fineness ; (ii) A. Ledebur, that it is a carbide ; and F Wust, and H. von Jiiptner, 
that it is amorphous carbon. F. Wiist and C. Geiger showed that chemically it 
behaves like graphite. J. W. Bolton recognized the following graphitic formations 
in cast irons : (i) broad, straight flakes ; (n) rosettes or whorls ; (ui) dendritic 
striations ; (iv) grouped formations with clear, dendritic lakes and peninsulas 
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being filled with fine flakes , and (v) rounded temper carbon. K. lokibe con- 
cluded from the X-radiograms that the so-called graphitic carbon and temper carbon 
occurring in cast iron are both the same substance as natural graphite — they give 
the same X-radiogram The conditions of the decomposition of cementite are 
the same for both cast iron and steel, so that the temper carbon from carbon steels 
is also graphite, and not amorphous carbon This conclusion is supported by the 
observations of G. Asahara, and F Wever, and by other observations of L. North- 
cot t, H le Ghateber and 8 Wologdine A Carnot and E Onutal, G Dillner, 
A Pourcel, V C G Muller, E Donat h, H Wedding, E Maurer and F Hartmann, 
F Mylius and co-workers, S. 8 Kuight, E H Campbell, H Moissan, T Turner, 
J. W. Bolton, A Lissner and R Horn}, and II H.twamuia Temper or annealing 
carbon usually occurs in the nodular form, while graphite is more or Ibbs flaky. 
Free graphite separates from highly carburized molten iron in the act of solidifica- 
tion. T. Millner, and H A Schwartz and co-workers studied the dissolution of 
cementite by acids. F Wever found the particles of graphite fiom pig-iron, 
grey cast iron, temper c arbon, coke, and c harcoal all have the same lattice structure, 



Fig 130 — Annealing Carbon in Fid 131 — 1 The Commencement of the 
Malleablo Cast Iron (J E Hurst) formation of Graphite at SevoraJ 

Centres in Cast Iron (J. E. Hunt) 


showing that the carbon ib the same allotiopic form, but with different degrees of 
dispersion. The average size of the crystals of graphite from grey iron is 
100 X 10” 8 cm ; temper carbon, 30 X 10“' 8 to 50 x 10 8 cm , and cuke and charcoal, 
10x10“ 8 cm. The lamellae of eutectic graphite are ultia-microscopic in size. 
P Debye and P. Scherrer said that the lattice of graphite is easily deformed by 
mechanical stresses, but F Wever did not find this to be the case. 

J. E Hurst's diagram, Fig 131 (x200), shows the formation of graphite in 
nuclei from the boundary of the chilled and grey portion of a sample of black-heart 
cast iron The free carbon which separates fiom masses of molten iron by the 
dissociation of the caibide which separutes in plates during the cooling of the 
molten grey cast iron down to the temp of solidification is called kish ( rarschawn - 
graphtt — vide supra . B. Osann, and J Freygang discussed the formation of kish 
m cast iron. 

Ab previously indicated — 5. 39, 5— -carbon in the form of diamonds has been 
detected in some meteorites L Franck reported the formation of diamonds in 
hardened Bteel, and A. Ludwig, A. Rossel, H Moissan, D 0 Tschernoif, E. Demenge, 
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and R. von H&sslinger discussed the formation of graphite, boart, and diamonds 
when iron saturated with carbon at a high temp, is suddenly cooled ; and 
H. Fleiaaner, and P. Neumann discussed the formation of diamonds in the blast- 
furnace slags. The artificial synthesis of diamonds under these conditions has 
been questioned — 6. 39, tf. 

The dissolved carbon which confers hardness to steel when quenched from above 
the Ary arrest is called hardening carbon — Hariungskofdenstoff j or carbon de 
trempe. The carbon in hardened and tempered steel which does not give a colora- 
tion when the steel is dissolved in nitric acid of Bp. gr. 1-20 is sometimes called missing 
carbon — carbone manquant. The condition of the carbon as it occurs in iron tritacarbide 
or cementite is called carbide-carbon , or combined Carbon. The term is also used 
to embrace all the various carbides in steels containing manganese, chromium, etc. 
The term cement carbon was applied by S. Rinman to the tritacarbide which remains 
undissolved at ordinary temp when annealed steel is digested with dil. sulphuric 
acid in the absence of air, Hence, H. M. Howe called the tritacarbide, Fe 3 C, 
cementite. Its microscopic appearance was described by H. C. Sorby. In the 
presence of manganese the cementite may contain manganese carbide ; and 
silicon, and sulphuT (q,v.) may also dissolve therein. The subject was studied bv 
L. G. Knowlton, P. Pingault, and J. H. Andrew. A. Ledebur heated test-pieces 
of malleable iron to a medium red-heat and found the distribution of the different 
forms of carbon to be after 


Heating 

1 Hardening 
Carbide . 
Temper 
Total carbon 


0 4 

0-741 (1815 

2 507 2-246 

3-336 3-061 


5 6 

0 850 0-835 

2 073 1-874 

0179 
2 932 2-888 


7 8 

0-631 0245 

0- 430 0-402 

1- 037 0-833 

2 098 1 570 


10 days 
— per cent 
0-656 per cent 
0-443 per cent 
1*099 per cent 


H vnn JiiptneT, and W. (\ M Lewis discussed the mol wt of the tritacarbide 
dihMilvtd in iron. A. Md'ancc calculated from the effect of carbon on the depression 
of the f p. that the mol wt. of the cementite in Noln. is (Fi'aC),,, where n is 2-03 at 
1505° and 1-93 at 900°, so that the cementite between these temp is dissolved as 
(Fe ; tC) 2 A. Iiaykoff suggested that cementite is not really a definite compound, 
but rather a solid soln. This hypothesis is not supported by the available facts. 
The properties of the iron carbides are discussed 5. 39, 20, and vide supra, pearlite. 
The thermal decomposition of cementite has been discussed above vide infra , 
graph it izat ion. 'Where ferrite and cemontite arc both present, the cementite is 
virtually unattacked by soln of nunc or picric acid, tincture of iodine, etc., but it 

is darkly coloured by treatment with sodium 
picrate under conditions where pearlite 
remains bright. 

The cementite in normal steel with its 
eutectoidal proportion, 0-86 per cent., of 
carbon is all pearlitic ; and with 6*7 per 
cent, of carbon it would be all cementite. 
In hypocutectoidal steels it is present as 
lamellar pearlite along with masses of ferrite, 
and in hypereutectoidal steels it is present 
as lamellar pearlite along with masses of 
cementite. The cementite in excess of that 
associated with the eutectoid pearlite is 
soinetimeH called free, surplus, excess, 
massive, or proeutectoidal cementite, and 
similarly with free, surplus, excess, massive, 
or proeutectoidal ferrite. The relative proportions of free ferrite, free cementite, 
and pearlite in steels with different proportions of carbon are illustrated by Fig. 132. 
Calculations on this subject were discussed by H. P. Tiemann. As shown by 
J. O. Arnold and J. Jefferson, T. Andrews, W. G. McMillan, and F. Osmond 
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and W. C. Rolxjrts- Austen, in general, during the solidification of a molten 
metal containing a trae* of impurity, the particles of metal coalesce to form 
little islands of pure metal surrounded by a film of metal associated with impurity. 
In hypereutectic steels the pearlite behaves almost as if it were a pure metal, in 
that the excess of cementite may be rejected to the boundaries of the polyhedral 
grains bo as to form a network of cementite with a ground-work of pearlite, 

A. Sauveur measured by a planimeter the relative proportions of martensite, M, 
ferrite, F, and pearlite, P, in steels with 0-09, 0-21. 0*35, 0*80, 1-20, and 2-50 per cent, 
of carbon, quenched at different temp. Selecting the case of steel with 0-21 per 
cent, of carbon : 



880° 

714° 

008° 

652° 

620" 

600° 

.550° 

675* 

200® 

M 

100 

07 2 

70-2 

35-2 

300 

40 

2-0 

0-0 

0-0 per cent. 

F 

0 

2-8 

29-8 

04-8 

08-4 

78 5 

75-8 

78 9 

21-1 percent. 

P 

0 

00 

00 

00 

1 0 

175 

22-2 

70-4 

23-0 per cent. 


£. H. Sanitcr, K. Honda and T. Murakami, G. Tammann and K. Ewig, 
A. L. Babochine, R. Ruer, and H. Sawamura discussed the stability of cementite 
at high temp . — vtde B. 39, 20. The dissociation of cementite above 600° was studied 
by R. Horny, and the subject has lieen previously discussed in connection with the 
equilibrium diagram. The A 0 -arrest with cementite also has been previously 
discussed. K. Honda referred to the A 0 -arrest, where paramagnetic cementite 
becomes ferromagnetic, in these words : 

This is the transformation characteristic of cementite - it is in its nature the same 
transformation as Ihe A r transtorination with iron. The transformation is progressive 
and extends from the lowest temp, to 215°, the change being a definite function of temp. 
During heating or cooling, the transformation terminates or comrnenees at the same temp., 
t he arrest at 215 n . This point is observable fur all alloys containing free cementite, 
and it Always lias the same value. 

According to S. Sekito, by tempering quenched steels at a gradually increasing 
temp, martensite begins to decompose at 200° and its decomposition is completed 
at 300°. In this stage the precipitated 
cementite is in a molecular or colloidal state, 
and does not form the space-lattice character- 
istic of cementite ; hence its spectral lines are 
so much diffused that they cannot bo observed, 
as we have already seen ; but as the temp, is 
further raised, fine particles of cementite 
gradually coagulate and build up its space- 
lattice. Thus the spectral lines of cementite 
begin to appear at 300° on the X-ray film and 
increase in intensity up to 600°. The changes 
in the e.m.f. of steels tempered at about 
380° are attributed to the formation of the 
cementite lattice from molecular or colloidal particles. The content of cementite 
can be roughly estimated from the intensity of the X-ray spectrul lines, Fig. 133. 

N. G. Ilyine discussed the forms in which cementite appears in hypereutectic 
steels; M. Sauvageot, the retarded dissolution and premature precipitation of 
cementite in eutectic and hypereutectic Bteels ; A. M. Portcvin, procutectoid 
cementite ; and H. M. Howe and A. G. Levy, II. V. II. Carpenter, and I. litaka 
studied the separation of cementite in hypereutectoidal steels in cooling from, 
say, 1200°. The line ES in the equilibrium diagram, Fig. 83, represents the 
progressive generation or separation of the cementite ; and the commencement of 
the curve is represented by what was called above, the A cm -arrest. The A em -arrest 
occurs in hypereutectoidal steels, and marks the beginning of the separation of 
free cementite from austenite as the metal cools from A cm to A 1i2 , 3 . Except for 
the structural change no other marked changes in properties of the alloy have been 
connected with the A cm -arrest. The austenite was shown by F. Osmond and 



Fig. 133. -The Relation between the 
Proportion oi I'auionLite and the 
Intensity of the X-Ray Spectral 
Lines. 
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G. Cart&ud, N. J. Wark, and A. Baykoff to be strongly oriented, for it has a marked 
crystalline structure. The coalescence of the excess or proeutectoidal cementite 
into visible masses is slow. The result with a steel with 1-45 per cent, carbon 
heated to 1200° and cooled to 7 15° and quenched is shown in Fig. 83; and the 
same steel heated to 1000°, cooled to 800°, and quenched is shown in Fig. 83. The 
coalescence of the internal cementite is slower than that which accumulates at the 
walls of the cells. The quantity of visible internal cementite increases to a maximum 
and then decreases. The decrease is occasioned by a transfer of cementite from the 
interior to the network — possibly by solution and re-precipitation. The apparent 
proportion of internal cementite is greater than is theoretically possible. This is 
an optica] illusion ; what is taken to be wholly cementite may be in part pcarlite. 
Most of the internal cementite is probably distributed in the cleavages of the 
austenite in which it is bom, and if records the position of those cleavages after the 
austenite has suffered metamorphosis. Many of the spines which shoot from the 
network into the interior of the grains may not represent the austenite cleavages, 
but the orientation of the minute crystals which collectively make up the network 
as a dendrite. Increasing the proportion of carbon in the steel accelerates the 



Fia. 134. Tlie Coalescence of Cementite Flo, 135 — Pearlifo with Cementite 
(H. M Howe and A. G. Levy). Borders (H. M. Howe and A. G Levy). 


coalescence of the cementite. The coarseness of the network increases by raising 
the temp, and by increasing the proportion of carbon 

During the primary crystallization of the austenite foreign matter is rejected 
and driven to the surfaces of the crystals or collected along the cleavage planes. 
During the secondary crystallization of the grains of austenite free cementite, or 
free ferrite, is rejected, and as the pearlite grows it accumulates on the surface of 
the grains or along the cleavage planes. Hence, as observed by H. Brearley, the 
earlier fonned slag may appear surrounded by the free ferrite or cementite which has 
been fonned later. H. M. Howe pointed out that there is no need to assume that 
the common occurrence of slag in masses of ferrite is due to some attraction which the 
slag has for ferrite. H. M. Howe and A G, Levy observed that if a hole is drilled 
in a block of bypoeutectoidal steel and closed to prevent the access of air, when the 
steel is heated above the transformation range and cooled slowly, the walls of the 
hole become covered with crystals of ferrite ; and with hypereutectoidal steel, with 
crystals of cementite. Analogous phenomena were observed by G. K. Burgess and 
co-workers. The expulsion of the excess ferrite or cementite in the pcarlitic 
transformation of grains of austenite is paralleled by the presumed expulsion of 
graphite in making castings of malleable iron. For the metastability of cementite, 
vide infra , cementation. H. Komfeld and G. Brieger studied the formation of 
cementite at the grain boundaries of mild steel. 
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A. Ledebur showed that the carbide existing m pearlite is chemically identical 
with that occurring as free cementitc in the higher carbon alloys. P. Pingault 
obtained cementite of a high degree of purity by the action of sodium cyanide on 
electrolytic iron filings at 650°, and observed that the compound is stable in vacuo 
up to 1000° ; a slight decomposition occurs at 1075°, and complete decomposition at 
1175°. G. Phragmen, however, said that general evidence indicates cementite to be 
more stable at elevated temp, than it is at lower temp. A Westgren and G. Phrag- 
mon, S. Bhigetuka, and F. Wever examined the X-radiograms of cementite and 
found that, like iron tritacarbide (g.w.), cementite crystallizes in the rhombic system, 
that four molecules are present in each space-lattice, and that the space-lattice 
has the dimensions a=-4*5l8A., &-^5*0G9 A., and c- 6-736 A. The cementite of 
annealed steel, unannealed Rteel with lamellar pearlite, cast iron, spiegeleiwen, and 
cohenite all gave the same X-radiogram. 8. B. Hendricks studied the structure 
of the crystal lattice. For 8. Shimura’s observations, vide supra. T. Andrews 
gave 7-66 for the sp. gr. of cementite ; M. Levin and K. Dornhecker, 7-59 ; 
A. Westgren and G. Phragmen, 7-68 ; T. Tshigaki, 7-6f>7 at 4° ; 0. Benedicks, 7*74 
and sp vol. 0*1292 ; H Moissan, 7*07 and sp. vol. 0-1414 ; and J. H. Andrew and 
A. J, K. lloneyman, 7-Gti and sp. vol. 0*1306 A. Westgren and G. Phragmen gave 
7-673 for the best representative value for the sp. gr., and 0-1301 for the sp. vol. — 
vide 5. 39, 20. Cementite is extremely hard and brittle ; it is the hardest of all the 
constituents of iron and steel. H. C. Boynton gave 272 for the hardness of cementite 
when that of ferrite is unity and that of martensite is 239 — vide infra, hardness. 
K. Taniaru gave 720 for the Brinell’s hardness of martensite nnd 620 for that of 
cementite, but when the cementite is strained its hardness may rise to 820. On 
Moh’fl scale the hardness of cementitc is about 6-5, since it scratches felspar and not 
(fuartz G. Charpy and F. Pingault found that after the carburization of iron 
filings to cementitc, by heating them in contact with hydrocarbons or alkali 
oyauideH, the product scratched glass and left no trace of graphite when dissolved 
in nitric acid. The cementitc was stable when heated to 1000° for 10 hrs. m vacuo, 
and the heating curves showed no marked critical point. K Scheil studied the 
effect of press, on cementite. L. Troost and P. Hautcfeuille gave for the heat of 
formation - 20*48 Gals, per mol. ; and T. Watase gave 3Fe | C- Fe 3 0 4-8 Cals, 
at 20°, and for the heat of combustion, Fe 3 +C+30 2 - Fe 3 (> 4 ] COg-t 366*3 Cals, 
at 20°. Y. Chu Phary studied the 
surface tension of cementite. 

The eutectic with molten 
alloys of carbon and iron consists 
of a solid soln. of y-austenite 
and cementite, vide supra ; the 
cementite is unstable at this high 
temp., 1130°; and just as the 
cementite-ferrite eutectoid at the 
lower temp, has received the name 
pearlite, so has the austenite- 
ecmentite eutectic at 1130° re- 
ceived the name ledebnrite — vide 
supra . Fig. 136 illustrates the 
ledeburite in iron with 4-3 per 
cent, of carbon. This subject 
was discussed by B. Osann, and 
H. Jungbluth. 

In 1863 IT. C. Sorby observed 
the polyhedral grains of what, he called free iron in wrought iron; and 
H. M. Howe proposed the term ferrite be applied to a-iron free from carbon 
or containing only a trace of carbon in solid soln., when present in iron or 
steel. The term includes iron containing silicon, manganese, nickel, etc., which 
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PiG. 136. — The Microstructure of Ledobnrite 
(J. E. Hurst). 
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form solid soln. with iron. Ferrite is the softest of all the constituents of iron 
or steel. Its microstructure is developed by etching with an alcoholic soln. of 
picric or nitric acid, when the outlines of the crystal aggregates appear to form 
polyhedral grains. The illustration of armco iron, Fig. 137 (xl50 and reduced 
one-third), is due to W. J. Brooke and F. F. Hunting, and it shows that the ferrite 
is practically free from carbon and consequently also of pearlite. As indicated 
above, ferrite occurs in alternating layers with cementite in the pearlite of steels 
with 0-85 per cent, of carbon ; and any ferrite in excess of this is massive or free 
ferrite. Thus in Fig. 138 ( x 260), due to H. C. H. Carpenter, the polyhedral grains 
of the steel have hero and there small, dark cells of pearlite. This steel had 0-048 
per cent, of carbon, and was etched with a soln. of hydrochloric acid in amyl alcohol. 
When etched with nitric or picric acid, the ferrite of steels appears almost white. 
J. E. Stead reported crystals of ferrite 12-5 mm. across the major axis; and 
A. Stadeler, crystals 7 mm. along the major axis, and they were visible to the naked 
eye. Observations on the structure and growth of ferrite crystals were made 
by H. 8. Rawdon and H. Scott, 0. Y. Clayton, E. Seheil, A. Hayes and 
H. E. Flanders, F. Oiolitti and co-workers. N T. Belaiew, and H. B. Pulsifer. 
V. N. Krivobok said that when cast liypocutectoid steel is cooled and the temp. 



Flo. 137.- -'Polyhedral Grains of Ferrite Fig. 138. — Grains of Fomta with a few 
in Armco Iron. Dark Cells of Pearlite ( X 25U). 

reaches the Ar^arrest, the austenite is decomposed ; part of the ferrite is rejected 
and part remains in soln. The rejection of the ferrite is favoured at the boundaries 
between the grains, and the ferrite thus forms a continuous mesh-work structure 
enveloping the outlines of the original grains of austenite. The inner structure 
is sorbitic, containing more ferrite than is required for the production of pearlite. 
If the cooling is slower, more ferrite is rejected, and the ferrite at the grain boundaries 
stimulates the rejection of more ferrite near or at the peripheries of the grains. 
This ferrite may either (i) join the ferrite at the boundaries so as to thicken the needle- 
like crystals, or (ii) be located between the cleavage planes of the grain, forming the 
so-called “ shoots ” of excess ferrite. These shoots or lamella of ferrite gradually 
fade away as they approach the interior of the grain. If the cooling be still slower, 
the rejected ferrite will assume more nearly the perfected form and appear on 
polished sections as a cleavage of Widmanstatten structure — vide infra — and in the 
extreme case occupy the whole grain. Even under conditions of very long and 
slow cooling the cleavage character of the structure will still remain. The ultimate 
structure, when no spheroidizing of the cementite or graphitization occurs, is a 
cleavage structure rather than the network. 0. A. Edwards and T. Yokoyama 
discussed the effect of strains and various annealing temp, on the growth of crystals 
of ferrite. 
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C. A. Edwards said that the dark boundaries of the grains may be explained in 
three ways : (i) a differential etching set up by the interpenetration of the crystal 
units at the crystal junctions ; (ii) a differential etching between adjacent crystals 
of varying orientation ; und (iii) a selective etching away of the amorphous cement 
surrounding the crystals. The ferrite of steels is assumed to be almost pure iron, but 
in all probability a small amount of carbon is held in solid soln (\ Benedicks* 
observations on the sp. gr. and magnetic properties of steels indicated that the 
ferrite of steels with more than ()■£) per cent, of carbon differs from the ferrite of 
steels with a lower proportion of carbon. In the former case the ferrite has about 
0*27 p*r cent, of carbon in soln., and in the latter case much less is dissolved, and 
the actual amount probably varies with the percentage of carbon in the steels. 
He applied the term frrromtv to the ferrite in si eels with over 0*5 per cent, of carbon. 
The hypothesis, however, has not been established 

0. W. Storey observed that when electrolytic iron is heated to 910° to 915°, 
the crystalline structure of the deposit is converted into the grain structure of 
ordinary ferrite, the grain-size l>eing large or small according as the original 
deposit was coarse or hue, but no change occurred below the A 3 -arrest. Coarse- 
grained ferrite became finer grained with a prolonged annealing at the A 3 -arrest, 
but not so fine as that resulting from a tine grained deposit. The grains of electro- 
lytic iron do not grow appreciably at 1 150 The ferrite grains of fused electrolytic 
iron were composed of smaller grains, the boundaries of the hitter being merely 
shallow depressions, whereas those of the former were V-ahaped grooves. There was 
a continuity of the inner grain structure between merging grains of similar crystal 
orientation, and this iuner structure was destroyed only by several annealings above 
the Aoj point. The inner grams were supposed groups of similarly unented iron 
erystals, the orientation in all the grains being alike throughout the ferrite grain : 
and the lurge grains of y-ferrite formed during the slow cooliug of the molten metal 
contain numerous similarly oriented nuclei-- not y- ferrite — and are changed to 
this state without altering in size. The microstructure of rolled electrolytic iron 
consists of clean ferrite ; and that of the forged metal, of fine-grained ferrite 
containing a minimum of impurities. 

A distinct sub-crystalline structure, or veining, lias been detected in certain 
grains of ferrite, by T. Andrews, F. Robin, J. C. W. llumfrcy, W. Rosenhain and 
J. 0. W. Humfrey, F. Sauerwald and co-workers, (r. K. Burgess and J. J. Crowe, 
F. S. Tritton, and F. S. Tritton and D. Hanson. H. S. Rawdon and T. Bcrglund 
observed that the etching of u-ferrite reveals three ty]x i s a- veining. y-network, and 
8-network. The a-veining appears within the grains, giving a veined appearance to 
the a-ferritc as if it were fine-grained. Ferrite, stressed or forged at a temp, close to 
the ay- transform at ton, shows the a- veining very w F cll ; the presence of aluminium or 
manganese has no marked effert, but silicon suppresses this veining. The a-veining 
lias no perceptible influence on the ordinary mechanical properties of ferrite. The 
y- and o-nctworks can usually be associated with tiny inclusions distributed in such 
a manner as to record the grain structure which existed in the high temp, allotropir 
states. The 8-network appears to be associated with the red-shortness of irons. 
E. Ammermann and 11. Kornfeld found that (he a-veimng occurs throughout the 
ferrite grains of electrolytic iron only when the annealing temp, exceeds the A 3 -point. 
Annealing between the A r and Appoints produces local veining in those ferrite 
grains in close proximity to the cement ite or pearlite fields, probably owing to a local 
reduction of the Appoint by the segregation of the carbon. Deformation below the 
A 3 -arrest docs not produce veining unless the metal is subsequently annealed above 
this point, in which case the deformed metal has the veining more marked than is 
the case with metal which has been simply annealed without deformation. 

According to C. 0. Bannister and W. D. Jones, the veinage of a-fe,rrite grains 
is a manifestation of microscopical or sub-microscopical inclusions in the metal. 
In some cases, at a previous state of crystallization these inclusions would for 
the most part have been situated at the normal crystal boundaries, but following 
VOL. xn. 3 K 
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certain mechanical and thermal treatments, crystal growth has occurred, and the 
inclusions have not been of sufficient magnitude to prevent growth, although 
they have been sufficiently definite to be capable of being shown up by suitable 
etching operations. Summarizing the available evidence, C. O. Bannister and 
W. D. Jones say : 

A . — The a-veining may be expected to bo produced m iron and low carbon steel con- 
taining microscopical or Huh-nurroBrnpical inclusions, or containing impurity in solid snln. 
which is liable under certain conditions to bo precipitated as inclusions by any thermal 
treatment wliicli (1) causes recrystallizalion or crystal growth; or (2) induces inclusions 
to segregate at boundaries, either as definite inclusions, or as inclusions in soln., which 
may be subsequently precipitated. 

H — The a-veining may be expected to bo destroyed by treatinont which (1) promotes 
the re-solution of the inclusions when soluble ; or (2) causes the re -distribution of insoluble 
inclusions, as by (a) hot or cold-working, lb) recrystallization after heating to a high temp , 
or ( t ) quenching after cortain heat treatments and from certain temp , defending on the 
nature of the inclusions 

The a-veining may be expected to ho absent in (I) vory pure materials containing 
no non-niotallic inclusions; (2) portions or definite crystals of a less pure material vilmh 
arc free from non-mctHllic inclusions; or (3) loss pure materials in which the conditions 
have been such that any inclusions me held in solid soln. 

Rkfljikm 1WJ. 
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§ 16. Heterogeneous Alloys 

T. W. Hour 1 examined the metal taken from different parts of a mild steel 
ingot weighing about 11 tons, and found the impurities collect in the central core, 
where solidification is slowest. The phenomenon is similar to that observed in 
the freezing of water, where impurities arc reject ed by the first crystals of ice which are 
formed— 1. 10 ? 2. M. Stevens found that, with cast iron from the blast -furnace, the 
silicon accumulates near the middle of the cast, amounting to 2-92 per cent, near 
the middle, 1 -58 per cent, at the beginning, nnd 1 -80 per cent, at the end of the cast. 
Phosphorus follow's the silicon, but sulphur and manganese do not vary greatly. 
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A. Poured Maid that the average order of segregation during solidification in iron and 
steel is : carbon, phosphorus, sulphur, silicon, and manganese. Copper segregates 
quickly, but homogeneity is imparled by the addition of aluminium. Chromium 
and tungsten steels are liable to segregation, but not so with nickel steels. J. E. Stead 
said that sulphur segregates most, then phosphorus, and then carbon, whilst 
manganese and silicon do not segregate to any material extent ; and F. Wiist and 
H. L. Felser, that the tendency of sulphur and phosphorus to segregate is greater 
than that of carbon, copper, and manganese. H. Rubric ius noted that Gfllicon tends 
to accumulate near the bottom of the blast-furnace. W. Hampc found ferro- 
manganese from four levels in the furnace had 82-82, 81*97, 81-10, and 80-17 per 
cent, of manganese. E. Piwowarsky observed that samples of mild steel which 
had been deoxidized with aluminium or with ferrovanadium developed a structure 
on annealing in which the ferrite had segregated in wide-meshed networks enclosing 
areas of pcarlito, and in some cases large ferrite areas wore distributed irregularly 
through the specimens. Similar steels deoxidized with ferrosilicon and cast without 
a deoxidizing agent developed the usual dendritic ferrite structure on annealing. 

B. Talbot, R. W. Hunt, and Cl. F. Comstock said that aluminium prevents 
segregation, but . according to N. Lilienberg, it does not prevent piping. (1. B. Water- 
house observed that titanium retards the segregation of sulphur, phosphorus, and 
carbon ; and the subject was discussed by M. Smith, N. IVtinot, and K. F. Lake. 
According to H. M. Wickhorst, silicon lessens segregation but increases piping. 
11. M. Boylston compared the effects w T ith silicon, titanium, manganese, and 
aluminium ; T. Swinden, manganese, silicon, and aluminium , (J. K. Jtuigcss and 
0. W. Quick, silicon and titanium ; and 0. F. (\mistock, aluminium and titanium. 
The Soret effect in alloys was observed by M. Ballay, A W. Porter, and C. C. Tanner ; 
and segregation after solidification, by (!. (PJluart, C Benedicks, and A. Lundgrcn. 

Segregation in steel eastings wus olist-rved lij L Aiteliison. .1 H. Andrew and co- 
workers, T. Andrews, J, (). Arnold, J 1 . Baidenhcuer and co-woikers, (). Bauer, O Bauer 
and H Arndt, (J. Bolloc, T. Ueiglund, K. Bolling. A. VV . and H. Breark>. II. Bn*urle\, 
A. Br unin glaum and F. Heinrich, K H. Canfield, H le Chatelior and co wuiki rs, G. t harpy 
and S. Bonnerot, C 1 . Y. ( lavton and co-workers, J. Colmdc, G. F. Conmtock, M Denude, 
J. Desrolas and K. Pretet, M. T Denne, W. Dinkier, T. M Drown, V. IJ Dudley, II. Fay, 
J. K. FWrlinr, i*. Fremont, J. J), Gut, F P Gilhgnn and J. .1. Curran, F. Gmlitti, 
R. A. Hadiield, II Hunoinann and O Sc liroder, 11 llarinet, J Henderson, F. He\n and 
O. Bauer, H. 13. Hibbard, V. O. Homorlx-rg. H. M. Howe and co-workers, H Cl. Howortb, 
O. d’Huart, J. C. W. Humfrev, R. VV. Hunt, C L. Huston, K lokibe, J. 10. Johnson, 
H. von Juptner, E. F. Kenney, <). von Keil mid A. Winimor, »S S Knight, \Y. E. Koeh, 
A. Knz, A. Ledebur, M. Levitzky, A. VV. Lorenz, II. VV. McQuaid and E H . Ehn. E (J. Muhin 
and co-workers, (3. Musing, A. MesHersclmutt, H. Meyer, C. A. Muller, VV. Oertel anil 
L. A. Richter, P. Oberhoffer, B Osann, F. Osmond, N. Pet mot, L Pit-hard, A M. Portevin 
and co-workers, R Powell, VV. J Priestley , li. H. Pulsifcr, H. S. Raw don, E. L. Reed, 
H, Reuss, J. Reimer, C. H. Ridsdale, A. Kuhlun, B. 1). iSuklutwullu, K Sehcur, K H Schulz 
and J - Goebel, F. fiommer and F. Rapalz, A Stadolcr and H .1 Thick', J. E. Stead, H Styn, 
r. Tabary, G. Tagu^efF, B. Talbot, K. E. Thum, 13. K. TschernofT, T. H. Tunipr, M. Viteaux, 

A. Wdhlberg, E. Walldow-, G. B. Waterhouse, W, R. Wclmter, P. VVoillei, T. D. West, 

B. F. West/on, A. E. White, J. H. Wlntcley, and F. Wiist and H. L. Felser A. Schleicher, 
J, Hanny, P. OherhofTer, J. J. Cohade, C. 8. Crouse, E. H. Schulz and J. Goebel, F. Soinmer 
and F. Rapatz, H. Styri, E. E. Thum, V. Giohlti, C. Y. (Dayton and co-workers, and 
H, 8. llawdon discussed JUiky steel, and flaky f nutates, F. C Thompson and It Willows, 
banded steel 

The jnjnng of steel ingots was discussed by F. O. Boikirch,* H . Brearlcy, A. Bruninghaus 
aiid F. Hcinricli, C. Cana r is, G. ('harpy, R. M. Daelcn, A. Diefenfchaler, J'. H. Dudley, 
F. L. Enquitsi, G. Tainmann and H. Hredemeier, J. E. Fletcher, J. 13. Gat, H. M. Howe and 
co-workers, E. F. Kenney, W. CIuub, H. Kiwi, N. Lilienlxn-g, B. (3sann, J). T\. Twhornoff, 
and H. Wedding. 

The inclusions in iron and steel- slag, manganese, and iron sulphides, silicates, and 
oxides, phonphntPR or phosphides nt calcium, magnesium, manganese, and iron, titanium 
nitride, alumina — were discussed by E. Amirmnn,* J, II. Andrew, T. Andrews, J. (). Arnold 
and G. R p Bolsover, A. Balk off, 6. Bauer, C. Benedirku and H. Lofquist, K. Bondolfi, 
H. BrearJey, A. Campion, G. F, Comstock, K J Cook, J. H, S. Dickenson, J. VV. Donaldson, 
W. Eilender and W. Oertel, II. Fay, F. Fischer, G R Fitteror, J K Gaieff, J. I). Gat, 
W. H. GilJet, F. Giolitti and co-workers, 8. L. Goodalc and P. Jf. Kutar, P. Goorens, 
L. E. Grant, W. H. Hatfield, F Hartmann, C. H. Herty and c»o- workers, H. D. Hibbard, 
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if. G. Howorth, Cl. d'H u&rt, A. Hultgren, JohnE, H. Kjerrman, J. N. Kilby, A II. Kiuzel 
atid W. Clefts, E. Kothny, H. Kriz and H. Krel, 11. M. Larsen, K. F. Law, A. MeCanoe. 
E. O. Maliin, 0. Mars, M. MatweiefT, P. Oborh offer and oo-workera, F. Parker, J. A. Pickard, 
J. A. Pickard aud F. M. Potter, W. J. Priestley, H. S. Rawdon, G. Rfthl, A. Sauveur, 
CJ. E, Sims and G. A. Lillieqvist, M. 0. Smith, A. Stadeler, J. E. Stead, S. Steinberg, 
L. Treuheit, J. H, Whiteley, A. Whinner, C. R. Wohrmann, F. Wtist and N. Kirpaeh, and 
W. Zieler, G. Tammann and W. Salgo studied the residues left after treating the metal 
with an acidified Boln. of ammonium persulphate. 

The blowhole* in iron and steel ingots due to the escape of occluded gases were dis- 
cussed by T. Andrews, 4 T. Baker, CL Belloc, If. Brcarley, G. Charpy, J. W. Donaldson, 
C. H. Bench, W. Eic hholz and J Mehovar, J. Goet>el, I*. Goerens and J. l'aquot. K. Gnutal, 
P- L. T. Heruult, H. J). Hibbard, H. M. Howo, K. Jwase, O. von Koil and A. Wimtner, 
P. Klinger, W. Kusl, A, G. Lobley and C. L. Betts, E. von Maltitz, P. Obcrhoffer and 
co-workers, N. Parravano and A. Soorterci, A. Ruhfus, J. E. Stead, T. C. Sutton and 
H. R. Ambler, K. G. Troubine, 1). K. Tsohemoff, H. Wedding, and A. Wimmor. 
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§ 17. The Crystallization ol Iron and the Iron-Carbon Alloys 

The formation of the first germs of crystallization is one of the most important* 
phenomena among the many occurring during the solidification of molten alUvs. The 
properties characteristic of the solid alloy depend to a very large degree upon the number 
of centres of crystallization and the cause of their formation. So strongly, in fact, does 
this state of affairs impress itself on the metal, that the vestiges remain even after all the 
heat treatment and mechanical work to which it will he afterwards subjec ted. K. (Inn itti. 

The polyhedral- -T<o\vc8pog s with many sides -network, meshed or cellular 
structure of iron, Figs. 137 and 13B, bears no relation fo its internal symmetry. 
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and, an pointed out by C. H. Dcsch. 1 it represent a compromise between the 
opposing forges of crystallization and surface tension in the later stages of the 
solidification of the metal. The study of the homogeneous partitioning of apace 
to form cells with the minimum superficial area furnished E. Fedoroff with a 
cubo-octahedron which he called a heptaparallolhedron ; and Lord Kelvin, with a 
similar cell which he called the tetrakaidecahedron. The actual shape of the cell 
produced by the crystallization of a molten metal is, of course, modified by the 
crowding of the growths. The space needed for the development of one crystal 
may be already occupied by other crystals. Crystals which have taken the shape 
imposed on them bv their environment are called allotrimorphic crystals — 
dAAoiTpos, strange; fjLop(f>rj, form-^-whereas those which have developed their 
characteristic external form arc called idiomorphic crystals- tStor, peculiar; 
uopffrq , form. This subject wus also discussed by V. M. Goldschmidt , N, T. Belaiew, 
L. Cam men, L. Uruardet, and L. Dade. 

The early workers noticed that iron has a crystalline structure. F. Wohler 
obtained cubic crystals by breaking plates of cast iron which had been exjtosed to 
a white-heat in the brickwork of an iron smelting-furnace, and he also obtained 
octahedral crystals in the cavities of a large cast iron roll. M. Augustin also 
reported cubic crystals on the fractured surfaces of gun-barrels which had been 
long in use. J. Percy also found cleavage planes of crystals arranged perpendicularly 
to the surface of an iron bar which had been standing for a long time in molten 
glass ; wdiile W H Miller said that iron prepared by the Bessemer process is an 
aggregate of small cubic crystals. The crystals are very imperfect in consequence 
of their not having had room to develop their faces Some of them have measurable 
angles, approximating 90 \ The amount of impurity present was considered too 
small to be likely to have affected the crystalline structure W. H. Hatfield showed 
that the structure of steel ingots after solidification results in ( 1 ) a thin external zone 
with a very fine, almost amorphous, crystalline structure which acts as an outer 
envelope of the ingot, and it is formed by the abrupt cooling, during the pouring of 
the steel, by contact with the cold w r alls of the mould ; (li) an intermediate zone 
consisting of elongated dendrites having their axes perpendicular to the walls of the 
mould ; and (iii) a central zone consisting of globular crystals having cquul per- 
pendicular axes The crystallization of cooling ingots was studied by W. H. Flat- 
field, B Matuschka, and t 1 Schwarz. V. N. Krivobok and 0. E. Romig noted 
the absence of any relation between the surface structure of cast metals and 
the internal crystalline structure. 

G. Tammann and A. A. Botschwar observed that when a fine ray of light is 
passed through a pin-hole in a piece of photographic pajier on to an etching pit in 
a deeply etched crystal surface of copper or iron a light figure is reflected on to the 
paper in a form characteristic of the oriental ion of the crystal and of the angle of 
incidence of the light. When the incident ray is perpendicular to the reflecting 
surface an octahedral plane produces a figure composed of three intersecting lines 
of equal length at an angle* of 120' to one another, a cube plane gives a “ wehlied 
cross, and a rhombic dodecahedral plane a straight line. 

G. W. A. Kahlbaum obtained microscopic hoxahedral crystals by sublimation ; 
and A. 0. Bccquerel, by electrolysis, as indicated in connection with the preparation 
of iron. J. A. Poumarede prepared dendritic iron frequently in the form of hollow 
tetrahtdra, by reducing ferrous chloride by zinc vapour ; and E. P^ligot obtained 
octahedral crystals and W. Haidingcr, hoxahedral crystals by reducing ferrous 
chloride in hydrogen. E. F. Lange described the so-called furnace crystals 
of carbonless or almost carbonless iron occasionally found in furnace hearths or 
slag masses. The analysis of crystals from the pocket in the hearth of a steel furnace 
gave no combined carbon or manganese, a trace of silicon, 0*02 per cent, sulphur, 
<>■36 per cent, phosphorus, and 99-62 per cent. iron. Tile external appearance of 
the metal resembled a mass of crystal surfaces, mostly pentagonal, with smooth, 
flat faces, some being of considerable size. Their formation is due to the constant 
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growth of the granules under the combined influence of time and heat ; and the 
effects of expansion and contraction upon groups of such granules in their plastic 
condition produce the forms of pentagonal dodecahedra Buch as arc produced by 
the compression of plastic spheroids. This would be helped by the liquation of 
the more fusible phosphide of iron betweeu their cleavage planes. On breaking 
up the mass when cold, the lines of fracture would be along the brittle films of the 
phosphide, thus clearly revealing the formation produced under the above 
circumstances. 

References to the crystalline structure and the melaUography of iron and steel were 
also made by T. Andrews, W. Armstrong, J. 0. Arnold, J. A. Aupperle, C. O. Bannister and 
W. D. Jones, A. Beardsley, H. Behrens, C. Benedicks, Cl. V. Bianclietti, 11. Braune, V. Breuil, 
K. von Carnall, A. T. Child and W. F. Heineken, W. Crookes, J. Czochralsky, M. Dosfossea, 
Cl. Dillner, E. F. J)nrn\ J. A. Ewing, K. Fallor, li. Fay and eo- workers, T. B. Focke, 
C. W. C. Fuchs, «T. N, von Fuchs. F. (Iiolitti, It. Glockor, F. Goerens, L. Gruardet, A, Greiner, 
F. C. Grignon, J. Grone, L. Ouillct, E. F. Gurlt, J. F. L. Hausmann, W. Heike and W. Bren- 
scheidt, F. Hermann, E. Heyn, S. A. Houghton, H. M. Howe, O F. Hudson, O. W. Hunting- 
ton, t\ L. Huston, Z. Jeffries, J. 11. B. Jenkins and 1). G. Riddick, J . E. Johnson, L. M. Jordan, 
H. von J iiptnor, F. herdyk, S. S. Kinght, V. Kohn, M. Kralupper, A. Kroll, R. Kuhnel, 
(\ F. Lan, F. Lojoune, G. E. Lim k, N N. Ljainin, F. Ltingimnr, W. von MOllendorff and 
J. Czochralsky, R. Moldenkc, L. B, G. de Morveau, li. Mushet, J J. NOggeratli, J. Parry, 
F. M. Fartsch, A. M. Forte vin, M. A. F. Frestel, F S. Rice, C. H. Kidsdale, J. B. L. Koin<5 de 
l'isle, W. von Rudiger, A Sodebcck, A. bauvour, J. von Siomacliko, W. C. Smealon, 
A. Ntansfield, S. Stein, J. von Sternberg, H. Stoughton, F. Ulrich, and H. Wedding. 
A. L. Colby compiled a bibliography of the subject. For the structure of elect rodeposited 
metal, vidr mu pi a 

The granular struct ure of steel, as evidenced by the formation of irregularly- 
shaped, polygonal masses, devoid of any definite crystalline form, was discussed 
by 1). K. Tschernoff, J A. Bnncll, H. V. Sorby, A. Martens, J. O. Arnold, T. Andrews, 
J. K. Stead, If. Savnia, A. Suuveur, P. Kreuzpointcr, A. E. Seaton, W. K. W. Milling- 
ton and F. C. Thompson, li Bade, L. Gruardet, etc. F. Lcitner found that the 
size of the primary crystallites is dependent on the fluidity and casting temp, of 
the metal. F. Osmond said : 

Iron is a mass uf globules, more or loss welded, which present an apparent tendency to 
group themselves in margantes and layers, its moss is subdivided into jointed polyhedrons. 
When the temporal urc has not boon too high, those furms are regular enough, and one can 
easily recognize in thorn those of the pentagonal dodecahedron. Are the polyhedrons in 
question crystals or grains ? Are thoir surfaces of contact cleavages or joints ? The 
answer does not appear to me to be doubtful. The mass may bo crystalline, but the 
envelopes are not. Fninis exactly similar me obtained by synthesis, by compressing 
plastic spheroids in a mould. The desiccation of damp pastes and tlio solidification of 
melted materials equally produce analogous divisions. 

JF£. Wedding said that other things being equal, the size of the grains increases 
with the slowness of the cooling, but with the same kind of cooling and with pro- 
portions of carbon up to 2 per cent., the size of the grain decreases. Above this 
amount the size of the grains increases. Silicon, sulphur, small proportions of 
manganese, titanium, chromium, and tungsten favour .small grains, while phos- 
phorus increases their size. R. M. Bozorth discassed the orientation of the electro- 
deposited crystals. t 

J. E, Stead observed that when steel is heated in lime for a few hours at 700° 
or 800°, the metal is partially deenrburized, and the crystal grains assume a 
columnar formation ; and a similar phenomenon was observed in the decarburiza- 
tion of malleable cast iron, for the crystal grains w r ere found to be arranged in 
columns radiated inwards from the exterior. C. R. Austin found that in the 
decarburization of steel by hydrogen the columnar formation appeared. He 
concluded that carbon-free iron does not form the columnar structure by any simple 
heat treatment ; this structure is not developed if the steel is annealed in a 
non-oxidizing environment ; nor is it developed by the diffusion of carbon 
from ft high-carbon steel to pure iron when the two arc brought in contact and 
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annealed together* It is developed only when the carbon is removed by oxidising 
agents from the surface at a temp. Mow 850°. 

J. K. Stead and H. 0. H. Carpenter found that when elect rode posited iron of a 
high degree of purity — 0*008 per cent, carbon and 99*967 per cent, iron- is heated 
above the Ac 3 -arrest and then cooled below the Ac^-arrest, it furnishes a coarsely 
crystalline structure with the crystals sometimes equiaxial and sometimes radial, or 
both. They are both probably a-iron. These effects are produced with plates with 
a thickness between 0 009 and 0-012 inch. The coarse crystals are destroyed l>v 
cold mechanical work : by heating above the Acyarrcst and quenching ; or by a pro- 
longed heating above this temp, followed by slow cooling. The heat treatment that 
produces coarse crystals in elertrodepusited iron refine's wrought iion and very mild 
steel that have been rendered coarsely crystalline by close-annealing between 700° 
and 800° ; but annealing at 700° to 8IH)° lifts no effect in coarsening the structure of 
elertrodepusited iron which has been refined by cold mechanical work. 

(\ A. Edwards and L B. Pfeil studied the conditions under which large single 
crystals can he obtained, and, by modifying II. H. (’arjR'nter and V. F. Elams 
process for aluminium, produced single crystals bv annealing deformed irystals of 
purified iron just below the Ac 3 arrest. E Sutter found that large crystals could 
be obtained by electrolysis , and that crystals could be grown on lion or tungsten 
wires heated to redness m the vapour of ferric chloride. Observations on this 

subject w r ere made by W Oerlaeh, E. Dusaler and W Oerlacli, K. Honda and 

co-workers, \V. L. Webster, E. B Wedmore, .1. A. M \an Liempt, E Sutter, 
M. Trivault, ,1. Seigle, V W. Bridgman, W. K Uuder, H Oriess, 11. Ur less and 

H. Esser, (\ F Elam, It. (Hooker, and N A Ziegler L B. Pfi’il. F. Wever, 

(j Tammann and A. Muller, and L. W. MrKeehuii prepared long single crystals 
of iron by allowing an electrically heat ed portion, at 1100, to move along the 
wire. Irregular tension and torsional stresses result in twinning. 

F. Osmond and co-workers reduced ferrous chloride by hydrogen and by zinc 


vapour, at different temp., and concluded that all three nllotropie forms of iron 
a-, B-. and y- iron- -crystal liz< in the cubic system. The crystals were all small, 



Fifl. 139. — Cubic Crystals of a-iron 
(J. E. Stood). 


but there w-a.s an element of uncertainty, 
for H. le Chatelier suggested that the 
results for y-iron might be explained by 
the assumption that the crystals are 
rhonibohedra simulating a cube. H. Wed- 
ding stated that the presence of over 2 
per cent, of manganese changes the 
regular crystal form of iron containing 
carbon into crystals belonging to some 

system other than the cubic probably 

rhombic ; but H. Bauerman did not 
accept this statement, in view of A. 
Erman's observation that the ferro- 
manganese of the Urals is cubic with a 
rhombic habit, and E. Mallard's obser- 
vation that II to 52 per cent, ferro- 
manganese crystallizes in the tabular 
form, with a prism of about 112°, and 
with more manganese the structure 


becomes acicular owing to the aggregation of six-sided prisms of about 120°. In 
confirmation of the cubic form, J. E. Stead showed that by strongly etching purified 


iron, or iron containing much phosphorus, crystals apparently in the form of square 
plates are readily developed — vid<e Fig. 14, 1. 11, 4. In mechanical tests with 
micro-sections, such of the grains as are built up of crystals with cleavages at right 
angles to the surface break up and fracture in two directions at right angles to one 
another, in agreement with the assumption that the crystals are cubic. Cubical 



IRON 


879 


forms obtained by splitting up a large granule of phoaphoretic mm through the 
cleavage planes are shown in Fig 139 (v 5) In general, iron forms cubic, 
octahedral, or trapezohedral ciysials The cube is the characteristic fonn of a-jruti 
Or ferrite This is shown by the strongly marked cleavage, by the course of 
Neumann's bands and slip bands tide mfui and by the cleavages of some 
meteoric iron The octahedron is the characteristic foim of y-iron and austenite 
This 18 shown by the twinning planes, the slip planes, and the Widmanstatten 
hgureB The ciaperohedxon is revealed bv the course of the Neumann bands 
and the shpdmnds The crystalline forms of the diffeienf known vauetics of iron 
have been definitely settled by the X ladiograms A Westgren and co workers 
showed that the X radiograms of a , j8 , and S iron correspond with a body-centred 
culm lattice whilst the X radiogram of y iron corresponds with a face ccntied 
cubic lattice Observations on the A i idmgt uns and on the atomic Htiuctuic of 
the cnstals of iron and steel were mad< bv U Tarnmann and A A Butsckwar, 

K Hcindlhoftr 1) H KillMTei I» Srhcnck E Hclimid, R Berth old, F Hinne, 

H Shop 0 Ij Roberts A Smekcd (1 L (lark and co workers, J H Vndiew, 
K We issenbe rg O Mugu< F Roll \ l\ trlsson W Rusenham R Bach, 
F harchnu and It W (t V\\»k)fT \\ K Williams discussed the strut lureB 
of hardened and tempered stcc Is obt uric d by X r idiugrams 1VT V Ncubuigu has 
a monograph Nontyi notjraphu d( s Lt m/m and hi nut fatfiuuwjtn (Stuttgart, 
1U^) W Huim Bother) discussed the n lations amongst the lattice c onstanta 
of iron uul other elements and W L Fink and E 1> Campbell, the e fleet of heat 
tnutment md carbon content on the liftin' \ Foirc st disr ussod the magnetic 
lattice , md l I)i hlmger the electron entiopy of the transition forms ot iron 

R Bach i inphasi/« d tin fact that fiom mom temp up to (he m p there are 
really only two allot ropic forms of non (i) with the bod\ centred lattin and 
including tin o j8 ind b \ me lies and (n) the tuc untied lattice oiynon He 

nuasuiod the ♦ fleet of temp on the lattice constant, a of 99 lb pel eenl non and 

found foi llu p< ice nt igc v due s da a at 

7 JO ”S HI 0 SOU Sh UUO p H70 MUO 

Cl 1 e|| 104 2 NS2 2 C H)7 1 2 ( MI4i ) 0 1 0*55* l l»8S* 2 l U17 A 

tiaja 1 0t» J 02 1 20 1 19 1 02 1 08 2 01 2 2 P > pti e cut 

The iesults aio plotted in Fig 140 r lhe * denotes y non A E van Arkel and 

W (I Burge is observed that 1 he lattice constant, a, for the punhed oxide reduced 
by hydrogen is 2 8011 A , foi 
electrolytic iron, 2 8014 A for 
cast steel, 2 8023 A , and for steels 
with i, 12, and 23 per eent 
of chromium, respectively 2 8630 
2 8660, anel 2 807 r ) A The a 
and S varieties rite considered to 
be the same owing to the ce>n 
tinuity of the thermal expansion 
curves In the interval between 
900° and 1400° the expansion 
curve of y iron runs parallel to 
the continuation of the curve for 
0 iron The contraction represented by the passage of a to j3 iron is greater 
than that which can be attributed to the disappearance of spontaneous magneti- 
zation, and it is doubtful if the a-state can be distinguished from the j8 state 
uniquely by magnetic differences P P Ewald and C Hermann summarized 
the data as in Table X] 11 

A W Hull found that the space lattice of a non is a body-centred cube with 
side o—2 86 A , and W P Davey gave a= 2 858 A for the lattice constant of purified 
non, and 2-585 for iron with 0 020 per cent of carbon, 0-017 of sulphur, and 0 021 



Fig 140 The Efinct of Tempt latuie on thn 
Latino Constants of lion 
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Table XIII.— Lattice Constants of Ikon Cmvstalk. 



r 

1 Lattice 

Temperature 

Parameter a 

Shortest distance 
between atoim 

Atomic 

volume 

a-iron 

Body-centred , 

16 w 

1 2 86 A. 

2*477 A. 

1 1-7 

0-iron 

Body-centred , 

, 800° 

2*90 A. 

2*513 A. 

12*2 

y-iron 

Face-centred 

1100° | 

3 63 A. , 

2*57 A. 

120 

8-iron 

Body-centred 

1426° 

| 2-93 A. 

2*536 A. 

12*6 

_ „ 

j 

1 



_ _ _ 



of silicon ; he also gave 2-472 XlO” 8 cm. for the closest approach of the atoms. 
F. Wever showed that, the a-lattices for electrolytic iron and for annealed steels 
with 0-07, 0-56, and 0-86 per cent, carbon all gave the same lattice parameter, 
0=2*863 x 10“ 8 cm. ; E. A. Owen and 0. D. Preston gave a- 2*860 A. for the body- 
centred cubic lattice ; L. W. McKeehan, a— 2*872 A. ; (1. Mayer found for a-iron 
obtained from iron carbonyl, 2*86106 A. at 22° ; A. Osawa, a 2*863 A. at 13° ; 
A. Westgren and A. E. Lindh, 2*87 A. fora-iron, and 2*92 A. for/?-iron ; A Westgren 
and 13. Phragmen, 2*87 A. fora-iron at 16' 1 ; 2*90 A for/}-iron at 800 , and 2*93 A. 
for 8-iron at 1423° ; F. C. Blake, 2*8603 A. ; R, Brill and H. Mark, and O. Eiscnhut 
and E. Kanpp, 2*863 A. The shortest distance apart of the atoms ol a iron was 
estimated by A. Goetz to be 2*512 A., when a 2*90 at 900 . H. Perlitz discussed 
the subject. 

A. Westgren and A. E. Lindh found the parameter a of the space lattice of 
y-iron at 1000° to be 3*60 A. ; A. Westgren and (». Phragmen gave at 1 100", a 3 63 
and at 1425°, 3*68 A. ; K. Wever, 3*56 to 3*60 A ; and A. Goetz, a 3-39, and the 
shortest distance of the atoms apart is 2*339 A. For austenitic steel with 23*2 |»er 
cent, of nickel, A. Westgren and A. E. Lindh pa\e a 3*58 A. , for austenitic steel 
with 12*1 per cent, of manganese, a- 3*61 A , and A. Westgren and G Piiragmen 
gave 3*61 A. for the 12*1 per cent, manganese steel. E. Oilman gave n 3*362, and 
for the shortest distance apart of the atoms, 2-52 A ■ iWr utfia, the iron-manganese 
alloys. F. Wever gave for austenitic steel cooled in liquid air a 3-565 A., for the 
same steel partially converted into martensite, a 2-849 A , and for the same 
steel after cold- working, a “=2*839 A. ; and F. Wever ami P. Button observed that 
the lattice constant for y-iron containing carbon in solid soln, expands linearly 
0*006 to 0*007 A. per atom of c arbon ; and A. Usawa obtained a similar result with 
nickel steels. A. Westgren and G. Phragmen gave for the y-iron lattice for carbon 
steel quenched from 1000° and 1100° : 

Queue hvd from ^ ^ ^ * 1 * 

Carbon . 0-24 J*JK 1*98 0 I -OH per cent. 

a - 3-50 3*61 3-04 3-63 3-65 

According to F. Wever, the lattice parameter for a-iron is 2*861 A., and it is not 
affected by the presence of carbon in the annealed alloy, and there is only a slight 
increase in the hardened alloy. This all shows that the carbon here is mainly 
occupied in filling spaces in the lattice. On the other hand, the lattice parameter 
for y-iron in austenitic steels increases directly with the carbon content and the 
manganese content in accord with 3*578+O’0()O5[Mn | -) 0*00645| (!J, where the 
bracketed symbols represent atomic percentages. This is taken to mean that these 
elements replace iron in the lattice. 

K. Honda uud S. Sekito consider that in the case of austenite the carbon atoms 
are distributed recording to the law of probability at the centre of un elementary 
cube ; whilst in the case of martensite the carbon atoms are distributed according 
to the law of probability in the centre of the face of an elementary cube. The 
observations of W. L. Fink and E. 1). Campbell, M. Majinia and 8. Togino, 
N. Seljakoff and co-workers, G. KurdjuinofT and E. Kaminsky, K. Honda and 
co-workers showed that in quenched steel the surface layer contains a body-centred 
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tetragonal lattice with the axial ratio r:a 1*06, an well an a small quantity of 
retained austenite with a face-centred lattice. K. Honda and H. Sekito identify 
this with a-martcnsite- vidv supra, martensite ; and vvdv infra, hardening 

A. Osawa noticed that the edge length of a unit cell of a-iron increase*} with 
temp as iron expands on heating A. Westgren and co-workers observed that while 
ci=-2*87 A. at 800°, it becomes 2*90 A at J425 1 . It was also found that the so-called 
jB-iron f between 800 L ' and 830 c , has the iron atoms oriented in exactly the same way 


(r mj S tf?n 

— Za 




Flu 111. Space In 1 1 k o of a 
mul b iroiiH. 



as those of a non and hence, on tin* assumption that allotropy and polvmorphy 
are s\ imm mim- teinis n was infeired that /8-i roil is not truly a delunte modifi- 
i ation oi iron \ ui< suput It was also found that y non, at 1100 , lias a fare- 
< entire! ( ubu lattu e with side- a J A The results are suinnnm/ed in Figs. 1*11 
and 1 12 Assuming that the crystals are made up of spheuenl atone, an imitation 
of the bndv -centred parking is given in Fig 143, and of the faco-cenlrod parking 
in Fig I I l Suite 8 nun at 1 1(H) has a body centred cubit lattice, it follows that 



Fin 143.- The Hnd\ \ entrcd Cubit 
Pm King. 



Fiu. 144 — The Fine centred Pubic 
1 at king. 


the transformation which occurs at 9()0 , or the A, r urrest, is reversed at 1400°, the 
A^arrest. S. Sato thus suimnaiized the data derived from the Xiradiograms, and 
plotted the results m Fig. 145 : 

UcHly o< litre cl uil* i\v r-i cm rc il c ubi* 

/— — — —— A . . ^ A , 

20 «00 1450 ° 1000 11 (H) 142 .V 

a-edge ■ 2-8b 2-89 2-93 3 65 3 66 3 08 A. 

E. V Bain, H Shoji, and E. J Jamtzky studied the mechanism of the trans- 
formation from body-centred a-iron to face-centred y-iron , and for K. Honda and 
S. Sekito’a observations on thiH subject, rule martensite, and the theories of 
hardening. 

A. Westgrcn and (i. Phragmen studied the X-radiogiam of cemcntite and con- 
eluded that, the crystals arc rhombic, with the axial ratio a be 0*891 : 1 : 1*329. 
The dimensions of unit structure containing 4Fe 3 C are a -4*518 A , b -3-069 A., 
and c- -6*736 A. The sp. gr. is 7*062 , the vol. of unit rell is 154*3 a 10- 24 c c. ; 

VOL. xn. 3 L 
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and the mol. voi. =23*43 c.c. S. B. Hendricks has worked out the structure, which 
he says is of the co-ordination type with octahedra of iron atoms around central 
carbon atoms, as indicated in Fig. 146. The assumed structure explains the observed 
absence of the formation of solid soln. in the iron-carbon system between cementite 
and phases* containing more or less carbon; the hardness of cementite; and the 
lack of metallographic characteristics that would require similarity of arrangement 
of iron atoms in some plane of cementite compared with a specific plane of a-iron. 



Fig. 1 45. — The Lattice Const ant Fig. 140. — Structure of the Cementite 

of Iron at Different TemiJCTH- with Octahedra of Iron about Central 

tures. Carbon Atom*. 

The work on X- radiograms lias shown that solid solutions are of two kinds : 
(i) Those in which the solute is a substitution clement, i.e. one in which the atoms 
enter the space-lattice of the solvent and occupy the place previously occupied by 
the solvent atoms — for instance, nickel or silicon in solid soln. with iron. This is 
illustrated by F. Wever’s diagram, Fig. 147, where the black spots represent nickel 
atoms, and the others atoms of y-iron. (ii) Those in which the solute is an inter- 
stitial elcment~-die vagabundierenden Aiomen - i.e , one on which the atoms enter the 
space-lattice of the solvent and occupy open spaces between the solvent atoms — 



for example, carbon, nitrogen, and oxygen. This is illustrated by F. Wevers 
diagram Fig. 148, where the black spots represent catbon atoms, the others atoms 
of y-iron. T. D. Yen. sen pointed out that the interstitial elements may enter the 
iron lattice in small amounts and so produce a condition which makes the lattice 
tend to change from the body-centred to the face-centred lattice when the solubility 
of the interstitial elements is greater. All the interstitial elements have a low solu- 
bility. 1 hus the solubility of carbon at 1475° in iron with the body-centred lattice 
corresponds with one carbon atom to every 125 unit cubes. At that high temp. 
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the thermal agitation of the atoms is very large, so that a carbon atom may travel 
from cube to cube with a high velocity. At low concentrations the carbon atoms 
inay slip through the a- (body-centred) lattice without permanent distortion, but 
as the concentration is increased a point will be reached, depending on the temp., 
where the visits of the carbon atoms to the a-lattice are too frequent, and accommo- 
dation is provided by a change from the a-lattice to the y -lattice. S. Sekito found 
that the variation in the lattice parameter is equivalent to 0-45 per cent, for every 
1 per cent, of carbon — vide supra , martensite. A. Heinzel observed that elements 
of the 1st, 2nd, 7th, and 8th groups of the periodic system, if soluble in iron, and 
closely related to iron physically and chemically — ■ e.g . manganese — generally widen 
the range of existence of the face-centred structure, which is normally from 906° 
to 1401° ; whilst elements from the 3rd to the 6th group narrow the range of 
existence of y-iron, and finally make it disappear — e.g. with, vanadium exceeding 
1-1 per cent, there is noy-phase. These elements are not related to iron even if 
they are soluble in it. Carbon and nitrogen are exceptions. All elements of large 



UtO) Planes 000) Planes (?f!) Planes 



(310) Planes (IfDPUnes (331) Planes 

Fig. J 49.- -Systems of Atomic Planes. 


atomic radius — e.g. the metals of the alkalies and alkaline earths, mercury, lead, 
thallium, bismuth, silver, and cadmium -are insoluble in iron. With still higher 
concentrations of carbon even they-lattice is insufficient, and the compound Fe 3 C is 
formed. Interstitial atoms like oxygen and nitrogen may be too large to be able 
to pass freely from lattice to lattice as readily as does the carbon atom, so that it 
becomes permanently attached to the regularly spaced unit cubes. The stranger 
atom may displace the central iron atom, and this in turn displaces its neighbour, 
and so on until a number of the displaced atoms meet to form a face-centred cube. 
This action upsets the regularity of tlie whole lattice, the neighbouring central iron 
atoms are displaced, and as more stranger atoms enter, more and more y- (face- 
centred) cubes are formed, until the entire a-lattice breaks down, and the y-latfcice 
is formed with stranger atoms in the centres at regular intervals. T, D. Yemen 
also inferred that if no stranger atoms (impurities) he present, there will be no 
change from the face-centred to the body-centred lattice, and that pure iron would 
not appear in forms other than that of a(S)-iron. The subject was discussed by 
S\ Bitter, and K. Heindlhofer. 
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Owing to the definite geometric arrangement of the crystal units, the atoms* 
fall into a aeries of parallel planes inclined at different angles to the sides of the cube, 
and each system of planes includes every atom of the body-centred cube. These 
planes are illustrated diagrammatically in Fig. 149 by H. H. Lester and R. H. Aborn. 
A. W. Hull, and R. W. G. Wyckof! discussed this subject. Each set of planes may 
be regarded as a space-grating for the X-radiations : for the equally-spaoed reflecting 
planes are of surh an order of spacing that interference phenomena in the reflections 

are possible. The grating con- 
stant, d, is the distance between 
the planes. An incident beam 
of X-rays passing through a 
mixture of small crystals may be 
arranged to give reflections from 
each of the possible systems of 
planes, and with a suitable 
arrangement — 1. 11, 8 — the 
spectral lines can be represented as the envelope of a series of circles with their 
centres in a straight line. Fig. lbO, by H. H. Lester and R. II. Aborn, represents 
a portion of the two crystal spectra (i) for unstressed iron, and (ii) for iron 
subjected to a tensile stress. If the beam of X-rays is monochromatic, the lines 
are single. 

M. Ettisch and co-workers found that in hard-drawn wires of metals with a 
bodv-centred cubic lattice only a single lattice plane, (110), lies m the section of 
the wire. The arrangement of the crystallites imparts a fibrous structure, so called 
because the arrangement was first observed in natural fibres like ramie and silk. 

K (’. Bain and Z Jeffries observed that when a very coarse grained metal with 
only a few' grains is rolled it develops a complete assortment of orientations, indi- 
cating that n rotation of the c rystal fragments occurs during deformation. The 
rotation of the microcry.stals as a result of cold-working has been proved by the 
work of 11. f 1 . Burger, G. Tammntin, F. Wever, (\ Nushaum, 0. F Elam, G. I. Taylor 
and 0. F. Elam, A. Sniekul, A. Ono, K. Becker and co-workers, F. Wever 
and co-workers, F. Korber, W. P. Davey and co-workers, R. Glockcr, and G. Sachs 
and E Schiebold. The resulting orientation depends on the nature of the metal 
and on the kind of cold-working. In iron, with its body-centred cubic lattice, the 
(HO)-axis takes the axial direction of the bar, whilst w T ifh copper and aluminium, 
with their face-centred cubic lattices, the (111 )-axis takes the axial direction of the 
bar along which the metals arc stretched or drawn. According to G. Kurdjumoff 
and G. Sachs, the orientation of the crystals of rolled electrolytic iron, uus revealed 
by the X -radiograms, and the stenographic projection of the polar sphere of the 
directions of reflection, for the (110)- and (200)-faccs, show that S. T. Konobcjcwsky’s 
single orientation is not satisfactory, but that three simultaneous orientations are 
required. The (1<X»)-, (112)-, and (Ill)-faces arc respectively parallel to the plane 
of rolling, and the (Oil) , (1 10)-, and (ll2)-dirertions are parallel to the direction of 
rolling. The character of the polar figures for the (200)- and (llO)-faccs of iron 
rerrystallizod between 500° and H40° can also only be explained by a similar triplo 
orientation. The orientations in the rolled and recryst alii zed iron are so related 
that two orientations in the recry stallized metal are obtained from those of the 
rolled metal by rotation through an angle of 15° in the plane of rolling, whilst the 
third orientation is the same in both cases. The relative intensities of various 
orientations are different in both cases. The structure of the metal recrystal] i zed 
above the a-»y-transition temp, is similar to that of recrystallized a-iron, showing 
that in the chunge from a- toy-iron the two modifications take up a definite relative 
orientation l\ W. Bridgman studied the relation lietween the orientation of the 
crystal and Young’s modulus (</.c.) for tungsten. 

A. Ono found that the X-ray diffraction pattern of a-iron strained in extension, 
compression, and torsion shows that there are two kinds of symmetry in the strained 
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lattice. In the fast kind tlic rotation of the lattice during strain takes place about 
one of the axes in a definite, direction, and in the second kind the lattice rotates 
about an axis which may occupy any position in a definite plane. In a-iron strained 
in extension the symmetry is of the second kind, with the axis (110) more or less 
parallel to the direction of extension, whereas in the same metal strained by com- 
pression the symmetry may be of the first kind with the axis (111) in the direction 
of compression, or of the second kind with the axis of rotation (Oil) lying in the 
cross- sectional plane. In twisted a-iron the second kind of symmetry exists with 
the plane (110), and probably also the plane (211), in the horizontal position. 
The mechanism of the crystal arrangement of a strained metal is explained on the 
assumption that slip and rotation are the causes of distortion, and that the direction 
of slip is constant for each kind of lattice. The resistance to slip of a metal increases 
with a diminution in the grain-size, and this agrees with the fact that fine-grained 
metals are usually much harder and stronger than those in which the crystals are 
relatively large. 

W. E. Williams studied the X-radiograms of hardened steel, and concluded 
that when a carbon steel is quenched from above the transformation point, all or 
part of the y-iron is changed into a-iron, but the a-iron grains do not grow from 
independent centres. In the tempered state the radical pattern is not altered, 
and hence tempering does not produce a ^crystallization of the distorted crystals. 
Consequently, the extreme hardness of martensite is not to be ascribed to this 
distortion. A. E. van Arkel and P. Koets observed that the number of crystals 
of y-iron in mechanically defoimed strips of steel is approximately proportional 
to the number of crystals of a-iron in the 
undeformed strips. H. Sckito found that ^[T 7 TT 
the maximum distortion of the space-lattice ’Un 

is Baja- 0-004 with cold-drawn wire reduced T 

0-2326 in diameter— cf. Fig 151. if the Qm _ IT_ 

modulus of elasticity is E -21 \10 3 kgrms. jjj# — \ 

per sq. mm., when the maximum internal q^q/ _l l ^ 

stress P'-Exha/a, or P 84 kgrms. per — J/JL - 1 ■ - l 

sq. mm., this is a little less than the tensile J ^ 

strength, 88 kgrms. per sq. mm. for the 
cold-drawn wire. The values of So a for 

0’1, 0-3, and 0-5 per cent, carbon Htecls * 113 l ’Y' ^ J 111 

annealed at different temp, arc shown m wnr j. 

Fig. 151. Moat of the internal stress is 
^relieved by annealing at 4tX)°. F (\ Elder, M. Ettisch and co-workers, S. T Kono 
w IwjewRky, M. Polanyi and K. Weissenberg, and (>. Kurdjumoff and E. Kaminsky 
also studied the effect of cold-work, tempering, and composition on the lattice of 
carbon steels. 


Flo LAI. The Effect of Annealing oil 
the Lattice Distoi tion of Stool hv 
('old work. 


When a metal passes from the liquid to the solid state, nuclei are first formed, 
and crystals begin to grow about the nuclei. In the case of iron, if the crystallizing 
forces had free play, the crystals would assume regular geometrical forms, cubes 
or octahedra. The crystals, however, grow more rapidly in favoured directions to 
form elongated crystals called dendrites. The dendrites are often described in 
terms of their imagined resemblance 1 to some better-known object e.y. iir-trec 
crystals. H. Capitaine prepared dendritic crystals with branches parallel to the 
cubic axes. DendriteH are sometimes found in the cavities or pipes of large ingots, 
hanging like stalactites from the roof. The dendrite of ferrite illustrated by Fig. 1 52 
— a so-called pine-tree crystal— was found by 1). K. Tschrmoff formed in a cavity 
in an ingot of cast steel as the retreating liquid left the incompleted form. In 1775, 
P. C. Grignon described similar crystals formed in cavities in cast iron ; he said that 
under a magnifying glass the dendrites had *' the appearance of a small metallic 
forest made up of trees with quaternary branches." E. F. Lange found pine tree 
crystals encrusting a cavity in a pipe oi a large steel casting. The crystal* in some 
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cases were 14 to 15 inches long They are kepi in the museum of the Manchester 
Literary and Philosophical Society E F ij&nge’s analysis of drillings from the 



crystal gave 0*43 per cent, of combined carbon , 0*191 Si ; 
1*05 Mn « 0103 S , and 0*098 P , and an analysis of the steel 
outside the crystal area was 0*345 per cent combined caibon , 
0*16 Si , 1*02 Mn , 0*08 S ; and 0 076 P. J S O Primrose 
obtained a fir-tree crystal 19 inches long and 3 lbs in weight 
from a pipe-cavity in a 50 ton steel ingot F 0 G Muller, 
and H M Howe poured the liquid metal out of the interior 
of partially frozen ingots at various stages of solidification, 
but invariably found the interior surfaces smooth and without 
any surface protrusion of crystal growths 

It ib generally assumed that the primary axis forms first, 
and that the secondary axes are then quickly developed , then 
folio* the ternary axes and so on all m rapid succession The 
branches thicken and elongate to form a branched structure 
or crystal skeleton. As 11 Wedding puts it 

In ioiii]norciall\ pint lion the in»tals uliou the form of an 
iiu mnplote iegular n< tnhodron, that ih to Hay, thr external form 
rnrrefipondh to the octahedron t lie man* of the tr\Htal, however, ih 
not filled up but is replaced by biaiu hes uhnli run m a direction 
paudle) to flu uxib of the o< lain (Iron and < ohm qui nth ( 01 rewpond 
to t Iki position of t ho face sol the 1 unde it w ntal t ulw Such branches 


ri(i 1>2 line! ne 

Civstal of Fcinte 
(D hemoff) 


bo\e as a rule, side branches wtandinp at right angles to tho main 
brant hon these also again ofl< n ham )»frp< ndic ldui brunches of the 
third degioe, bo that the whole* ih only tlu skeleton of an octahedron, 
and has an external fouri mailing that of the pine trts 


The formation of skeleton oi dendritic crystals duung tho solidification of metal* 
was described by F G Allison and M M Rwk A W and 11 Brcarloy H CJ Caiter, 
C H Des<h, J A Ewing and \\ Kosenham, A L Fcild .1 1) (rat K V Gilligau 
and J J Ounan, A Gln/uimtT, F von Got lei and (* Sadis, W 11 Hatfield, 
C T Hcycot k and F 11 !N«\iilo II M Howe and to workers, T lshiwara, 
H (Jr Keshian, V N Knvobok N M U Light foot, (J Musing, A M Porte\in 
and V .Bernard J S G Pnmrose W Ronenhain \ Sauvtur, A Sauveur and 
V H Chou, A Sauveui and V N Krivobok J K Stem! B Stoughton and 
F J (r Duck, and R Vogel 

P V Grignon said that when grey cant iron is in a perfet t condition, it gives a 
very regular crystallization, everv c rystal being distinct and isolated He described 
skeleton forms built up on tho i octangular axes of the cubic system The axe* 
grow and thicken by the gradual deposition of particles of solid until the interstices 
between the axes arc filled up and the dendrite ih formed Its external shape is 
influenced by contact with neighbouring growths, and occasionally the boundan 
lines between the different growths can bo detected Solidified masses of iron oi 
steel are composed of closely interlocked masses of dendrites <j Fig 13, 1* 11, 4 
The dendritic structure is revealed by suitably polishing and etching the surface 
cf Figs 41 to 44 Fig 153 (a 4), by P UbcrhofTer, shows the unetched surface 
of steel with 0*4 per cent, of carbon, after fusion and solidification in vacuo It 
shows the crystallization nuclei enclosed by cell like boundanes -intic 1 11,4. 

The dendrites arc intermediary forms between cnstul skeletons and fully 
developed crystals The dendritic structure of iron or stool is sometimes called 
the primary structure , and the colonies of grains each enclosing the dendrites within 
its boundaries are called primary qrams If only one metal is under consideration, 
the dendnte will lie chemically homogeneous , but if the metal is associated with 
another element, the crystal axes which are the first to solidify contain more of tlu 
constituent with the highest m p , and the portion last to solidify between the crystal 
axes will contaib more of the constituent with the lowest m p The segregation of 
the molten alloy to form dendrites which are chemically homogeneous is called 
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dandrttto Mgwgation, or intercrystalline segregation. A. lo Thomas, and JL. Guillet 
diacufised what they called the heredity of iron castings. The primary crystallization 
Of binary, ternary, and more complex systems was discussed by F. Giolitti. The 
tendency of a metal to migrate from parts where it is highly concentrated to parts 
where it is less concentrated by 


the process of diffusion tends to 
make the metal homogeneous and 
to undo the state produced by 
dendritic segregation. This dif 
fusion was discussed by F. ( j iolit ti 
It continues in the cooling metal 
after it has solidified, and it is 
promoted by slow solidification, 
by a prolonged heating of the solid 
at a high temp., and by slowly 
cooling the solid. J. E. Stead 
suggested that the presence ot 
phosphorus, sulphur, and silicon 
in iron and steel favours dendritic 
segregation r/rfe mipsa. H le 
rhatelier supposed that oxygen 
acts in a similar manner ; and 
H. le rhn teller and J. Lcmuine 
manganese, silicon, nickel, and 



chromium. The .subject was d.s- Kl0 Js3 rnMaUlZtttwn Nuclei tSIta of O t 
cussed by H. AT. Howe, etc. jhm- rent l arbon Sleel (I*. OlicrhnfFer). 

A. Sa u\cur and V. N. Krivobok 


said that oxygen alone in pure iron or in iron with carbon or phosphorus or 
both does not produce persistent dendritic seareg.it ion ; phosphorus can produce 
dendritic segregation m iron alone, as well as in iron-carbon alloys, and it 
causes the separation of cm bon from steel with 0*17 per cent, carbon. Carbon 
and iron alone can produce dendritic segregation provided the solidification is fast 
enough. Crystallization w*as studied by A Hultgren, C. H. Dench, A. W. and 
H. Brearley, N. T Belaiew, V A Muller, IV Itardcnheuer and C A. Muller, and 
H G. Keshian vnfr mint, cast iron A. Wingham discussed the internal strains 
feet up in iron and steel during crystallization. 

N. T Hclniew' showed that* at least three 1\pes of crystallization occur in the 
production ol steel. There are : ( 1 ) the piummj nystallizattoH which occurs in a 
liquid or mush and which furnishes dendrites , (n) the </v emulation which occurs in 
a completely solidified alloy and involves a rearrangement of the crystals to form 
grains of various sizes and dimensions; each gi.tui has ns own crystallographic 
orientation and is a distinct crystallographic unit. The result is to give a polyhedral 
structure to the solid soln. of austenite, (in) The nvumlary cnjslnlhzattoti takes 
place in the solidified and granulated metal and it results m the formation of the 
usual peaHitu* struct uie. Consequently, the propeilics of the finished alloy are to 
be traced back to the dendrites of the primary crystallization and to their unavoid- 
able heterogeneous composition: then to tin granules number, dimensions, 
cohesion, etc. ; and then to the secondary crystallization or pcarhtic structure. 
F. (liolitLi discussed the secondary crystallization ni homogeneous and non-homo- 
goneous austenite ; and the morphological relationships between the primary ami 
secondary crystallization systems. N. T. Bclaicw showed tliat the process of 
secondary crystallization or chemical decomposition starts at some point in each 
polyhedral grain, and ceases w'hon it reaches the boundary of the grain. There is a 
neutral zone b tween 1 w o adjacent grains w hen 1 he crystalline matter cannot assume 
the orientation of either ot the grains. As the cooling alloy approaches the 
eutcctoidal temp., the excess fei rite or cernentite w ill accumulate about the periphery 
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of the grains ; so that if the cooling proceeds slowly enough, the whole of the excess 
ferrite or cementite will form a membrane or shell more or less thick, leaving the 
while the interior forms eutectoidal pearlite. On a plane section the resulting 
structure appears to have a cellular or network structure — vide supra , Figs. 137 
and 138, Hence the iron with 1-29 per cent, of carbon shows a network of white 
lines of excess cementite surrounding the grains of pearlite. If the secondary 
crystallisation proceeds rather rapidly by quick cooling, a certain amount of 
excess element will crystallize where it is formed, in the middle of the grain, und not 
at the boundary. The lines of separation will follow the crystallographic planes 
of the crystalline grains. The y-iron, with its face-centred lattice, has four pairs 
of octahedral planes, and the separation of the excess ferrite or cementite will follow 
these planes. On a secant plane such octahedral sections will then appeur as 
Widmanstatten figures, which bear a distinct character in euch gram. The com- 
bination of the meshes with these figures can be called the Widmanstatten structure. 
Still a third type of structure- -the structure of large crystals might he anticipated 
where the conditions are such that granulation does not occur, and the deposit 
from the secondary crystallization urrangcB itself parallel to the dendritic axes 
Such a structure usually occurs in isolated crystals ; thus N T. Helaiew observed 
it in the D. K. Tschernoff’s crystal, Fig 152, which contained 0*fi0 per cent of carbon. 
The subject was studied by N. T. Belaiew, F. Berwerth, 0. W Ellis, F B Foley, 
F. Giolitti, H Hancmann, K. Hamecker, T. Kase, V. N. Knvohok, A M Portcvin 
and V. Bernard, A. Sauveur, E. E. Thum, J. Young, and B Zschokke T. Kase 
obtained the Widmanstatten structure in hypoeutoctoid steels by annealing them 
above 1000° ; or by heating them until partly fused and cooling m air from above 
the Ar 3 -arrest. Hypereutectoid steels must be cooled from above the A cm airest , 
quenching them is not an effective process, and cooling slowly through the Aj-arrest 
destroys the characteristic structure. The structure is produced in nickel steels 
by long annealing at the Ac 3 -am*st, and then quenching in water, so that meteorites 
may have acquired the structure by a prolonged exposure -to a very high temp, 
and subsequent rapid cooling. For the observations of (\ Benedicks, vide the iron- 
nickel alloys. A. Sauveur and H, (’hou observed that there is a close relation 
between the martensitic and the Widmanstatten structures, A. M Porte vm 
showed that when the carbon is homogeneously distributed the cementite may 
separate between the grains (a) in the network of the junctures of the grams, 
or (6) it may become isolated in the interior of the grains themselves and its 
distribution there is governed more or leas by the directive influence of the 
crystalline forces. This includes intergranular distribution, Widmanstatten figures, 
and imprisoued cementite. There may be also a pseudodendritic distribution 
arising from the irregular concentration of the solid soln., for the concentration is 
highest m the interaxial spaces of the dendrites formed during the primary crystal- 
lization. The diffusion of the carbon may make the steel homogeneous. To 
summarize : 

Sxcokdaby Deposits Sthuctujuch 


Secondary Structures 


At outlines of grains 
Jn rrystal structures 


parallel cleavage planes 
parallel to crystal axes 


Network 
Widmanstatten 
Large crystals 


According to N. T. Belaiew, a steel with 1-80 per cent, of carbon furnishes the 
structure of large crystal* , one with O-fiO per cent, carbon, the network structure with 
large meshes ; and one with 0-55 per cent, gave the well-developed Widmanstatten 
structure shown in Fig. lf>4 (y G) and Fig. 155 (X 6). The Widmanstatten figures 
were observed on a meteorite by A. do Widmanstatten in 180K, but no publication 
was made. The figures attracted sonic attention, and they soon came to be known 
by their present name. It was thought for a time that the figures were peculiar to 
meteorites, but they were found to develop on various metal alloys- e.g. the alloys 
of platinum and antimony by M. t’houriguine. In 1900, F. Osmond observed on a 
steel ingot equilateral triangular markings which “ recalled the Widmanstatten 
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figures which are known to lielong to the regular octahedral system ” ; and 
J 0 Arnold and A Me William also observed them on carbon steels The subject 
was discussed by A Rauveui, and A Rauveut and C H Chou 

The fundamental conditions tor the production of Widmanstatten’s figures are 
that the alloy (j) crjstalli/es with the face centred cubic lattice , (n) is subject to 
secondary crystallization (in) is in the granulated state when secondaiy crystal- 
lization occurs , and (iv) is tooled through the secondary crystallization so at* to 
favour the deposition ot the excess element, not at the boundaries only, but also 
inside the giuins The markings 01 lines on the surface of each gram are peeuliai 
to itself The mtcrpietatum ot the lines requires d knowledge of the geometry of 
the regular octahedron If such a solid be built of lamella lying parallel to the 
outer faces of the solid there will Im four sets of such lamella?, since the regular 
octahedron has fom pans of paiallel surfaces An) sectional plant through the 
solid will show four sets of lines each set of lines < orresponding to the intersection 
of the cutting or sec ant plane and one of the sets of lamella , except when the secant 
plane lies paiallel to any one of the faces of tht solid, and therefore parallel to tho 
corresponding set of lamella in which case only three sets of lines will be pioduced 
Tbe majont\ of the giams show foui distinct nets of lines N T Belaiew studied 



Fios l r >4 aivi 1*51 Widmanstatten Structure (Js I Belauw) 


this subject in some detul II Wilkinson A M Poiteun F (iiolitti, and 
S V Bul)ansky discussed the moipholog) of proeutectoidal or exc ess cementite — 
vide supra 

According to T Ease a h\ poeutectoid steel gives the Widmanstatten structure 
on annealing above HHX) oi on heating it to partial melting and cooling m air from 
a temp above the Arj point Hypereutectoid steel must be cooled from above the 
A (m point Quenching is not an effective method and cooling slowly through the 
A j-transf oi illation point destroys the chaiactenstic structure The Widmanstatten 
structuie is obtained in lion nickel alloys by a long annealing above the Ac fl point 
and then quenching in water, and the formation of this structure in meteorites may 
be due to a long c xposme to a vciy high temp and subsequent rapid cooling 

The corrosion figures of lion are cubical, although J A Ewing and W JRosen- 
hain 2 did not find it easy to obtain a good development of the geometric ally etched 
figures The polygonal boundaries of the giams divide a polished and etched 
surface into a number of areas Fig 1 37 , eac h area represents a section of a 
crystal grain Each giam is built up of a large numbei of what T \ndrews called 
secondary cnstals, winch have difTeient orientations in different giams This was 
shown by J E Stead in the case of a steel with 4 5 per cent of silicon A fractured 
ingot exhibits large crystals , and b) deeply etching a polished surface he obtained 
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a fine development of regularly oriented elements of which the crystal grains are 
built up— Fig. 14, 1. 11, 4. As F. Osmond and W. (’. Roberts-Ausfcen express it, 
the general orientation of these secondary crystals remains constant in the area of 
each grain. Each grain has grown from a nucleus ; each grain is built up of similarly 
oriented parts, but the orientation changes from grain to grain. According to 

E. Heyn, and J. E. Stead, the corrosion figures of a-jron occurring on the (OOl)-face 
are squares parallel to the edges of the cube face. They were also observed by 

F. Osmond and G. Cartaud. Some of the corrosion figures or etched pits may 
appear like triangular wedges when the section cuts the crystal grain at certain 
angles. H. H. Potter and W. Sucksmith showed that the etch-planes of iron in a 
10 per cent, alcoholic soln. of nitric acid are (100). 0. A. Edwards and L. B. Pfeil 
observed that square etching pits are sometimes obtained with a diagonal of a large 
crystal in the direction of straining. C F. Elam showed that when the cube face 
lies in the plane of the specimen, cubic etching pits are obtained in that and in no 
other position. J. E Stead also observed that the different faces are attacked at 
different rates by dil nitric acid. If a cube face of iron be pricked by a needle and 
then strongly etched by the acid, the hole, originally round, becomes square, because 
the sides of the hole are dissolved away at different rates. The sides of the square 
become parallel to the cube face. Possibly the ratio of the rate of solution of the 
(OOl)-face to that of the (01])-face is equal to the ratio of the length of one of the 
square sides of a right-angled triangle to the length of the hypotenuse, or about 
1 : V2. Sections of the same crystal of iron cut. parallel to and at an angle to the 
cube face, when immersed in acid and connected by wires to a galvanometer, give 
an electric current, proving that the cube lace is electro negative to the other face. 
F. Osmond and G. Cartaud observed that the corrosion figures on the alleged j3-iron 
are similar to those on a-iron ; and with y-iron the lines of corrosion on the (001)- 
face are neither so continuous nor so soft as those on a-iron. Etching figures were 
obtained on manganese steel with a soln. of ammonium copper chloride, or by 10 
per cent, nitric acid , and on nickel-chromium steel, by a dil. liydrochlonc and 
soln. of ferric chloride. The etching is irregular, and e\ en aftei deformat ion followed 
by annealing at 1300 J shows the primary crystals very clearly. G. Tammann and 
co-workeTB, P. Oberhoffer and A. Heger, J. Czochralsky, V. N. Svechmkoff, 
J, t\ W. Humfrey, and K. llarnecker and E. Rassow studied the corrosion figures 
of iron. H. 8. (ileorge said that the etching figures on ferrite generally assumed to 
be pits are really pyramids standing in bas-relief. 

F. Osmond and G. Cartaud observed that when a crystal of iron with a polished 
cube face is introduced in a bath of molten boric acid at 800' , needles of boric acid 
congealed at first on the polished fare ami preserved Jt provisionally from attack. 
Instead of the crystals arranging themselves m their natural order, they follow 
tbe direction of the system of iron ciystals to form synchronous crystallization 
figures. F. Osmond and G. Cartaud also found that in a sample of crude manganese 
steel, little, hard nuclei have segregated to form segregation figures. The principal 
planes of segregation of y-kon are the (11 L)-planes ; but secondary planes, (001), 
(Oil), (012), and (122), may exist. G. Rose, and G. Tschennak also observed that 
the rhabdite, (Fo,Ni) 8 P, of some cubic meteoric irons is oriented in accord with the 
three cube faces ; and G. F. Kunz and E. Weinsehenk noted that m one case the 
rhabdite is arranged parallel (o the Neumann ’h bands. 

According to H. O’Neil, 3 the cubical cleavage is perfect, and, according to 
O. W. Huntington, meteoric iron shows in addition octahedral and dodecahedral 
cleavages. This subject was discussed by A. Breithaupt, J. (Jornuel, and H. von 
Dechen. F. Sauerwald and co-workers found that at low temp, cleavage takes 
place along the cubic planes of single crystals of iron. E. Siitter obtained over- 
growths on tungsten. According to A Sadebcck, there are gliding planes about 
the (211)-fuce>- vide infra , slip bands, discussed by O. Mtiggc, G. Tammann and 
A. Miiller, W. Schwinning and E. Strobe], H. O’Neil, S. T. Konobejewsky, F. Wever, 
and J. A. Ewing and W. Rosen ham. H. Gough found that a-iron has three crystallo- 
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graphically different slip-planes, namely, (J JO), (112), and (123), whilst other 
metals usually have one kind of slip-plane. The pressure figures — vide infra , 
Neumann's bands — were discussed by G. Tammann and A. Mtiller, who found that 
if an indentation be made in a crystallite of a polished surface by means of a gramo- 
phone needle, the slip-lines are regularly oriented around the impression if there are 
no inclusions in the crystallites ; but in the presence of such impurities the slip- 
lines are curved around the inclusion. Stress figures were studied by W. Roster, 
and H. Jungbluth. F. Osmond and G. t’artaud reported the following results : 



a-iron 

/5-iron 

y-iron 

Planes of translation parallel to (111) 

Difficult 

Unknown 

Easy 

Folds 

Dominant 

Exclusive 

Absent 

Mechanical ( twinning planes . 

(111) 

Unknown 

(111) 

twinning \ planes of junction 

(112) 

Unknown 

(111) 

Annealing f twinning planes . 

Unknown 

Unknown 

(111) 

twinning \ planes of junction 

Unknown 

Unknown 

(111) 

Face of maximum hardness 

(in) 

- 

(011) 

Planes of easiest etching 

(001) 

(001) 

(001) 


Both terrestrial and meteoric iron occur in solid masses which in some cases 
consist of one crystal individual and in other rases of several individuals. Some 
specimens have a scaly structure. Twinning occurs about the (lll)-plane ; and 
in some eases there are lamellar intergrowths about the (211)-plane. This 
subject was discussed by A. Sadebeek, (\ H. Mathcwson and G. H. Edmunds, 
0- H. Mathcwson, K Harneeker and E. Rassow, L. W. McKeehan, G. I. Taylor 
and C. F. Elam, H. O’Neil, W E. Hughes, 0. Miigge, S. Tamura, V. N. 
Svctchnikoff, and G. E. Linck. Twinning produced during the solidification 
of the molten alloy iB called congenital twinning by F. Osmond and G. Oartaud. In 
the plastic deformation of metals certain crystal units may form modes or twin 
crystals instead of slipping, owing to the crystal units rotating into a new position 
symmetrical with their initial orientation. J. A. Ewing said that the nature of 
twinning is perhaps most easily intelligible if the crystals are considered to be built 
up of layers of brickbats, and after one layer has been completed the next layer 
has all the bricks turned round through an angle of 180°. The result would be a 
twin formation. According to H. M. Howe, a twin or made can be recognized in a 
polished section of a metal (i) by the presence of re-entering angles ; (n) as a parallel- 
sided area within a given grain. It differs from the metal on both sides of it in the 
directions of the slip-bands, which zigzag on entering and leaving it. A twin can 
also be recognized (iii) in strength of the contrast between the treads and rises of 
the slip- bands ; (iv) in the tint to which it etches ; and (v) in the shape of its 
corrosion figures. Broad annealing twins arc common in y-iron and austenite, but 
they are rare m a-iron or ferrite. Annealing twinning does not occur on defor- 
mation but on annealing after deformation. Presumably the plastic deformation 
produces a stress in certain rows of crystal units which is not sufficient to cause them 
to rotate into the twinned position until the high temp, of annealing has made the 
metal mobile enough to allow the particles to move in obedience to the stress. 
Secondary or postgenital twinning is usually multiple or polysynthetic ; and it 
may be formed mechanically by the deformation, or it may be produced by annealing 
at a suitable temp, after deformation. According to W. Kosenhain and D. Ewen, 
the slight deformation produced by the saw used in cutting a section for microscopic 
examination, by blow- holes, or by polishing, may be sufficient to produce twinning 
when the metal is subsequently annealed. V. A. Edwards and H. t\ H Carpenter 
found that twinning occurs in a marked degree when steels are quenched, and they 
assume that martensite is twinned austenite- - ride supra ; and 0. A. Edwards dis- 
cussed the formation of twinned crystals by direct mechanical strain. W. Rosen- 
hain doubted the twinning of steel during quenching. According to J. E. Stead, 
the twinning observed in steel hardened by quenching from 1000° is always of the 
prismatic type, and the martensite of which the twins consist is oriented differently 
from the martensite grains in which they arc embedded. H. <\ H. Carpenter and 
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S. Tamara observed that annealing twins in metals are structures which are in a 
relatively stable state. C. A. Edwards and H. C 1 . H. Carpenter assume that the 
twinning of crystals, which occurs when a steel is quenched, is attended by the 
production of amorphous metal. W. Rosenhain, J. E. Stead, and H. M. Howe did 
not accept this hypothesis. Most cases of artificial twinning are produced by 
annealing after deformation. Annealing twins are so rare in a-iron or ferrite that 
the few cases reported are suspected by some to be mechanical twins. H. M. Huwe, 
K. Heyn, A. Baykoff, and 0 . Mligge said that a-iron may form twins ; and W. Rosen* 
hain observed twinning with a steel with 1*94 per cent, of carbon and traces of 
manganese. F. C. Thompson and W. E. W. Millington attempted to produce 
annealing twins in ferrite without satisfactory results ; but V. N. Krivobok annealed 
electrolytic iron at 593° for 30 mins, and obtained a structure having the appearance 
of twinning, but which was shown to be a result of progressive crystallization along 
the deformation lamella'. When annealed after being strained, unlike a-iron or 
ferrite, y-iron and austenite readily form twins. This behaviour is probably con- 
nected with the arrangement of the atoms in the space-lattice. In general, 
twinning occurs readily with metals having the face-centred lattice —c.g. a-iron, 
and austenite— but twinning seldom, if ever, occurs with metals having the body- 
centred cubic lattice- ~e. 0 . ferrite or a-iron. S. Tamura observed what appeared to 
be a twin in specimens of wrought iron and mild steel , only one twin-hke crystal 
appeared within an individual crystal of ferrite, and the twin never exceeded 
0*08 mm. in length. Hence it was doubted if the structures were true annealing 
twins, and he called them pseudo-twins. W. Rosenhain also observed a case where 
what appeared to be a twin was not really so, because slip-bands cross it without 
deflection. H. O’Neil, and G. I. Taylor and U F Elam discussed the distortion 
of iron crystals. 

In 1848, J. G. Neumann observed that a sample of meteoric iron from Braunau, 
described by C. C. Beinert, showed in addition to the cubic cleavage planes other 
lines m the direction of the triakisoctahedral or ( 221 )-faee. The fine etching lines 
or bands were supposed to be produced by thin flakes in twin-formation, which were 
less attacked than the main mass. M. A. F. Pres tel also observed these bands in 
artificial iron ; and they were called by A. Brezina Neumann’s bands* or Neumanns 
hnes , or Neumann's lamella, or Neumanns figures. They are narrow straight bauds 
running in definite directions. They appear black under vertical illumination, and 
white when illuminated obliquely. They represent thin, mechanically twinned 
lamellae or strata which are produced in iron, and some other metals, by deformation, 
and most readily by shock, impact, or explosion. If the suddenly applied dynamic 
stress has caused the rupture of the metal, the bands will generally be found near 
the seat of the fracture. M. Matweicfl said that in polishing with emery, twinning 
occurs when the direction of rubbing coincides with a cleavage plane ; but 
A. M. Portevin and J, Durand consider that the lines so produced arc not Neumann s 
lines, but they originate from the scratches of the polishing powder producing inter- 
strain in the layers beneath, and this interstrain is relieved by the etching Deep 
etching makes them disappear. F. Osmond and G. Cartaud found that when a 
crystal of iron is cleaved, Neumann’s bands appear in abundance on both sides of 
this cleavage face. The bands are more easily produced by shock at low teinp. ; 
they are readily obtained by shock at ordinary temp., but they are not formed at & 
blue temper heat or a higher temp. ; and R. A. Hadfield found that they appear 
when mm is ruptured by tension at the temp, of liquid air. F. Robin was unable 
to produce them by moderate shock in wrought iron or very ductile steelH except at 
— 185°, yet ho found them in 0-07 per cent, carbon steels which had been struck by a 
projectile moving at the rate of 380 metres per sec. In very brittle steels with 
1 per cent, of phosphorus he produced the bands by shock at 20 ° up to 600°, but not 
at 700°. F B. Foley obtained Neumann's bands as ridgeH and furrows when mild 
steel discs are subjected to the impulse from the action of explosives. T. E. Stanton 
and L. Bairstow found that the bands were developed by breaking ductile Swedish 
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iyoii by a single severe blow or by a small number of moderate blows, but not 
by a large number of light blows. The Neumann bands are more or less parallel and 
follow the orientation of the grains, so that the lines on a cleavage face are parallel 
either to the diagonals of the square or to the lines which join the angles as the 
centres of the opposite edges. The appearance of Neumann’s bands in a sample of 
wrought iron is given in Fig. 156 ( x 150) from a photograph by H. C. H. Carpenter. 
Fig. 157 (x250) represents Neumann’s lamelks with indentations assumed by 
F. Osmond and G. Cartaud to be connected with the formation of another system 
of lamella). The specimen was etched with picric acid. The bands are sometimes 
visible to the naked eye. After polishing to low relief they may appear as slight 
depressions on the faces of the cube, or they may be in relief. A. M. Portevin and 
J. Durand do not agree with M. Matwcieff that the Neumann bands stand out in 
relief. Alcoholic picric acid or dil. nitric acid (1 : 500) are convenient reagents. 
The lamellae may have a uniform thickness, or they may be more or less indented. 
The subject was also discussed by F. B. Foley and co-workers, P. von JercmejeJf, 
H. von Jiiptner, G. E. Linck, L. W. McKeehan, 0. Miigge, H. O’Neil, F. Osmpnd 
and G. Cartaud, J. Seigle, G. Tammann and H. H. Meyer, etc. 

According to M. Mutweicff, Neumann’s bands are always parallel to the Widrnan- 



Fio. 156. — Neumann’s Bands Fig. 157. — Indented Neumanns Bands 
(H. C. H. Carpenter). (F. Osmond and G. Cartaud). 


station figures, but H. M. Howe said that they are only so in the majority of cases, 
F. Robin found that the Neumann bands develop normally to the direction of 
impact of a projectile, but H. M. Howe observed that in silicon steel, when formed 
by blows, the bands run preferentially 45° with the direction of impact, The 
contacts between Neumann’s bands and the enclosing metal are assumed to be 
planes of low cohesion, because F. Osmond and co-workers showed that fracture 
follows Neumann’s bands. J. E. Stead, and 0. H. Desch showed that there is no 
evidence that Neumann’s bauds do not affect the hardness of the metal. According 
to F. Berwerth and G. Tammann, Neumann’s bands are obliterated on rapidly 
heating meteoric iron to 800°, and with a slower rise of temp, they disappear at a 
lower temp. H. M. Howe said that they do not disappear at 800°, but they do so 
at 950°. This means that at the A 3 -arrest, when a-iron passes intoy-iron Qf austenite, 
the bands are affected, and that in the presence of nickel the transformation temp, 
is lowered from 900° to 800°. According to F. Osmond and co-workers, the for- 
mation of a Neumann’s band at an angle to one already formed may produce.-*; 
displacement analogous to a fault. 

The Neumann bands are oriented differently from the crystal, and are considered 
to be a fine form of twinning. Both J . G. Neumann, and G. Tschermak consider that 
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the Neumann band? are produced by a fluorspar twinning, where the octahedral 
face is the plane of twinning, and the ternary axis, the axis of thinning There are 
four ternary axes , and the 24 faces of the four sub-elements, identified with the 
planes of Neumann, are consequently parallel to the trialdsoctahedra or (122)~facea 
0 Rose could not decide whether the bands are parallel to the (122)- or (112) faces 
A Sadebeck observed on the cleavage face of a dominant cube that the faces 
terminal to those of the bands, w hu b make an angle of 45° with the sides of the 
square, make an angle of 144{° with the plane of the face of the cube Supposing 
that these terminal faces are the cleavages of the sub-elements, lie concluded that 
the plan of twinning a as tnakmoctahedral — the axis of twinning is then perpen- 
dicular to a face of the tnakisoctabedron Hence, m the case of the two elements 
twinned in accord with the law of association, when two faces of the twinned cubes 
cut one auother in the direction of a c onimon diagonal, the faces of one of these 
cubes is the face of the trapezohedron (112) of the other, and at the same time the 
octahedral face of the dominant cube ih the rhombododecahedral face of the 
secondary ( ube Like J (3 Neumann andG Tschemiak, G K Linck assumed that 
the lav of fluorspar twinning applies but be considered that the junction faces should 
be (1J2) and not (122) The planes of junction then have the same rotation for 
the two qmt elements twinned , and (112) plane* are at the same tune the planes 
of translation He thus showed that Neumann’s lines are due to lamellar twinning 
with gliding on the planes of the icositetrahodron (211) F Osmond and 6 Cartaud 
found that G E Linck s theory l>e*t fitted their observations on the bands parallel 
to the (1 12)-planes *S W J Smith and co workers showed that Neumann's hands 
are due to lamellar twinning, and that they are of secondaiv origin due to strain , 
lamellar twinning by shearing is possible on the (21 l)-plane« of a body centred cubit 
lattice — eg kamacite, a-iron taemfce, and y iron have a face-centred cubic 
lattice H C H Carpenter and H Tamura have suggested that Neumann s bands 
of the kamacite or meteoric iron* were produced by the shock of impact when the 
meteorite struck the earth’s surface ( H Mathewson and G H Edmunds showed 
that X-radiograms indicate that the inner structure of the bands is that required 
to produce the observed twinning of the body-centred cubic lattice The mechanism 
of the formation of Neumann’s bands was discussed by W E W Millington and 
F C Thompson G Tschermak thought that the bands are congenital twinned 
crystals, but F Osmond and G Cartaud said that if so, the twins should have the 
same magnitude as the crystals from which they are derived, since the development 
of the two twinned elements has been simultaneous, on the contrary, the Neumann 
twins are extremely small, and they arc frequently inflected and thrust aside by 
meeting lamella of another system. It is therefore inferred that the Neumann 
bands are mechanical twins m a-iron. This is m agreement with U le Chateher, 
A. K Fortevin and J. Durand, T. B< Foeke, 0< A. Darby, 0. T. Prior, L. J, Speuoer, 
F, Osmond and co-workm, etc. W, Eosenfaain and J* JfcMmn added that the 
bands are sections through lamella or plates, and not thin tods; they believe that 
they m net the nature of feedtank*} t»te% but result from Itmtiaiq deformation 
bwwigto about by the rapid appMoat^on of a heavy siftm, After slowly staining * 
mmm of iron, and causing numerous «lip-baads to appear, tie mlmqmt abrupt 
of a stress feu* to produce mmmmi femfe* but the additional 
Mmi p makifm, aato imnact takes nfeee bv a feShuAsf aam* if toe aUn*bands 
pMvieMi^r Scnretovld ^ tftk<B rtcnr 

V, Osmond and 0. Cartand continue : these arera fcrawa twin* in jff-iron due 
to mechanical twinning ; and with y-iron n slight dofarmatkm prodoess efifoceable 
law* of traariattoa, but more revere deformation produces mechanical twins. The 
twinning which oocure when ynron in cast nidkel>ehrrenium steel is deformed cold 
retd then annealed at 1300° u the same as the mechanical twmaof with (111) as 
the plane of twinning and the plane of juration. The tnasfaxsaaticm of y-iron into 
a-iron starts below 400° in the care of sudden quenching and erases eonadereble 
stresses. There stresses involve a more or less complete formation of an infinity 


in each grain* to the four pairs of octahedral fftces^ hence .'the fte-:. 
queacy of squares and equilateral triangular figures on a chance section, Hence 
the structure of martensite is peculiar toy-iron, even though the iron is not for the 
most part present in the y-state, Even after tempering, when all the iron has 
resumed the upstate, if the temp, and duration have been sufficiently controlled to 
prevent the reconstitution of equiaxial grains which characterize a- iron, the pseudo- 
DiOTphous a-iron may be retained on the martensite structure of y-iron. The grains 
are in this way cut up by an infinite number of extremely thin lamellae parallel to 
four different planes. The continuity of the (001) -cleavages is broken, and the 
natural fragility of a-iron due to these cleavages is evaded. Hence the parts played 
by quenching and tempering in the manufacture of different varieties of mild steels. 
The structure of martensite is that of the octahedral meteoric irons on a reduced 
scale. These irons are formed of comparatively thick lamell® parallel to the four 
pairs of regular octahedral faces. The structure of y-iron is preserved by the iron 
in the a-state, because in the presence of nickel the Ag-transformation is lowered to 
such an extent that the a-iron cannot resume its natural structure of equiaxial 
grains. The position is that of martensite tempered at a moderate temp. The 
a-iron remains crystallized on the axes of the y-iron. G. E. Linck said that the 



Fia. l^.-^Up- bands appear Fig. 150. — Slip-bands multi- Fig. 160. — Slip- bands (J. A. 
A. Ewing and J. C. W. ply (J. A. Ewing and Ewing and J. C. W. Uum- 

Humfrey). 5 . 0. W. Humfrey). fray) 

octahedral meteoric irons are polysynthetic aggregates of four twinned cubic sub- 
elements with a dominant cube following the ordinary law : (1 1 1 )-plane of twinning 
of junction. P. Osmond and 0. Cartaud found this in agreement with 
observations on pressure figures ; and in accord with G. E. Linck’s theory, a 
(061 ol ihe dominant cube cuts the associated four twinned secondary cubes op 

tte (iSB^pkh^ I and eyery pressure-figure on such a face of the dominant cube is 
};^^xvstic either of a ](0M)*plane or of four (122)-planes variously oriented; 

of some metals produces lines on the polished faces of some 
IpEfc 0^ with ice, cyanite, etc., the lines are due 

not twinning, and, in 1099, he made a similar observa^ 


Eosenhain, if a metal be strained past ite7i^i^pemt;aie'- 
i > ? ^ black lines (Pig. 1B8), which increase 
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in number aa the strain increases (Fig. 159). The tinea first appear on eerf aiu crystals 
nearly transverse to the pull ; but as the strain increases, lines appear on other 
grains. Intersecting tinea then make their appearance. Such a strained surface i* 
illustrated by Fig. 169. As J. Muir has shown, a piece of iron strained beyond uh 
elastic limit will recover its original elasticity if it be allowed to rest for some 
time or if it be heated to 100°. The dark lines do not disappear, but they do 
disappear if the surface be lightly polished in the usual manner. If, however, the 
deformation has l>een severe, as, for instance, in the vicinity of a fracture, when the 
surface is repoliahed and simply etched traces of the old slip-bands may reappear. 
Ordinary slip-bands produced by a moderate deformation are unlike bands pro- 
duced by twinning and Neumann’s bunds, in that they disappear when the surface 
is repohshed. The slip-bands are not actual cracks in the surface, but rather slips 
along cleavage planes or gliding planes of the crystals. These slips produce step*, 
so to speak, on the polished surface W, Rosen ham observed that the smallest dis 
placement is not more than ( >-U4 X in., or of the order of wave length of light, 
and when the deformation has not been severe, a displacement of OOOOl in is 
observed. Other things being equal the greater the number of step*-, the smaller 
their depth , and with progressive deformation a given step breaks up into a miinbei 
of steplcts. The angle of the steps changes on passing fiom gram to gi,un The 
Uplift of the grains was demonstrated by W Rosen ham, W Rosenham and 
J. (\ W. Huuifrey, (i. L Tuyloranrl C }\ Elam, If O'Neil, H F Moore and T. Ver, 
H. M. Howe and A 0 Levy, C Fremont, i\ (tiiby-Ac he. and F Osmond ami 
co-workers. The bands may appear m altnn*t parallel lines or the lines m«i\ dev mb 
independently. J. C. W . Ilumfrev observed that with tension the first slip band- 
are confined almost entirely to the central parts of the crystals, ami spread onh 
gradually towards the boundaries as the straining becomes severe, wliena- 
H. M. Howe found that with a compression the slip-band* start more froquenth 
at or near a grain boundary. Those which propagate from one gram into n n< igh 
bouring one enter the new grain via the grain boundary When the slip bauds j.,en 
through a zone of twinned crystals, they may be obliterated, or they m«n eontimi" 
with a change of direction into the twin and so form u series of zig/„ig lines. The 
zigzagging of the slip-bands has been used to demonstrate the presence of twinned 
crystals J. A. Ewing and W. Rosenham, arid F. Osmond and 0 furlnud 
agree that the slip-bands m ferrite follow octahedral dim turns , ami the former 
workers also observed them to follow' cubic directions If (\ H. Carpenter and 
C. A. Edwards allowed that the twinning of the crystals of some metals can be 
produced by direct mechanical deformation ; and (*. A. Edwards inferred that Mine 
mechanical deformation is not always accompanied by slipping alone, but may 
produce fine twinned lamella*, it may Is* that what are now regarded as slip-bunds 
are really extremely fine twinned lamella* far beyond the resolving pow'er of the 
ordinary microscojie. According to J. E. Stead, the tensile strain iu iron is the 
sum of two factors - -internal and external slips. F C. Thompson and W. K. \V. Mill 
ington inferred that in A single crystal of iron, or in a coarse Aggregate, the dodeca- 
hedron (1 10) is the first plane of movement under stress, and in this cose the elastu 
limit is low. In normal iron or mild steel the elastic limit is reached when the cube 
or (lOO)-farc movement is initiated. Under higher stresses some movement on 
the dodecahedral face accompanies the deformation on the rube face. 

The production of slip-bands by repeated stresses was discussed by W. E. W. Mill 
ington and F, t\ Thompson, J. A, Ewing and J. (J. W. Humfrey, F. Rogers 
W. Rosenhain, and T. E. Stanton and L Hairstow. The former workers subjected 
Swedish iron with a breaking stress of 23 (1 tons per sq. m. to a series of alternating 
stresses, 9 tons per sq. in , repeated 400 times per min. On examination it wa»* 
found that, fine slip-bawls appeared in a few crystals after a few— say 5,000 jmm 
mm. — reversals of stress, as shown in Figs, lf>H to 160. With a greater nurabei 
of reversals- say 40,000 per min. the slip bands increase in mtmlicr, and those 
which first appeared broaden and develop into small cracks, as shown m Fig. 161- 



IRON 


897 


If the specimen be repolished, so as to clear off the slip-bands, the cracks alone 
become visible, as at A, Fig. 161. The crack or flaw gradually creeps right 
across the specimen when the number of alternations is still further increased, 
as shown in Fig. 162. Finally the specimen breaks. Quoting J. A. Ewing and 
J. C W. Humfrey’s own words : 

AS Imtover tho selective action of t lie wtreRH ih dm to, tlie ox|M'riin<'nts d<-monHtrate that 
in repeated reversals of stress certain crystals an attacked, and yield by slipping, as in 
other cases of noil-clastic strain. Then, hh the reversals proceed, the surfaooH upon which 
the slipping has occurred continue to lie surfmes of weakness. The parts of the crystal 
lying on the two siries of ea< h such surf act 1 ) continue to slide back and iurth over one another. 
The effect of this repeated sliding or grinding is seen at tho polialu-d surface of tlie hj mein ion 
by the production of a burr or rough ami jagged irregular edge, b loudening the slip-band, 
and suggesting the accumulation of drihrts. Within tho crystal this repeated grinding 
tends to destroy the cohesion of tho metal across the surface of the slip, and in certain 
cases thin develops into a crack. Once the* crack is formed, it quickly grows in a well- 
known maimer, by tearing at the edges, m consequence of tho concentration of HLross which 
results from lock of continuity. The experiments throw light oil the known fad that 
fracture, by refloated rev ersals or Alternations of stress, resembles, in its abruptness, fracture 
resulting from creeping tluw, m the aliseiu-o of local drawing- out, or other deformation 
of Hhajie. 



Figs. 101 and 1(12. - Tho PuRHtigi* of Shp-hunds into (’racks. Polished Sui faces with 
Small Cracks anci w-illi a Large Crack resjxM tively. 

J. 0. W. Humfrey observed that the surface of the cry Minis of eloctrodepositcd 
iron, after etching, showed peculiar wavy markings and numerous cavities filled 
with electrolyte. W. E. Hughes found that the lines of a fibrous deposit on a 
cylindrical cathode appear as wavy annular rings, but if the deposit is not of the 
fibrous type, the lines have no regular relation in passing from gram to grain, but 
on individual grains the herring-bone structure may appear. Increasing the 
depth of etching broadens the lines, and wilh high magnifications and.deep etching 
the staircase structure may appear. The lines are common to deposits from chloride 
and sulphate soln. : they are formed with high and low current densities ; the 
formation of the lines iH not much affected by temp. ; the lines are found in deposits 
of various thicknesses- -0-005 to 0-015 in ; and the lines do not appear in deposits 
containing a large proportion of foreign matter- -e.//. oxide, or, according to 
W. A. Macfadyen, carbon. J. A. Ewing and W. Rosenhain proved that slip-bards 
have been shown to be the result of a stress — mediately or immediately ; and 
E. J. Mills showed that when metals are deposited elect roly tically, a press, is pro- 
duced owing to the contraction of the deposit . He called the pressure electrostriction. 
Observations on electrostriction were made by E. Bouty, Q. C. Stoney, H. Stager, 
V. Kohlschiitter and E. Vuilleuraier, 0. Faust, and F. Crednor. E. J. Mills con- 
sidered that the press, of electrostriction may amount to 109 atm., and E. Bouty, 
VOL. xii. 3 M 
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to 350 atm. According to W. E. Hughes, the lines in el ectrodeposited iron are slip- 
hands produced by elect restriction. 

The path of the plastic deformation of a metal is internal, and when rupture 
occurs, the fracture is itself a path of deformation. When rupture does not occur, 
the internal path of deformation may show itself as a disturbance on the outer 
surface. With a slaty substance the path of deformation follows the parallel planes 
of lamination ; in a jointed substance, like brickwork, the path is along the joints ; 
in a fibrous substance, like wrought iron or wood it follows the fibre ; and in a 
crystalline substance, like mica or unburnt steel, it follows the crystal planes. 
Geometrical lines or lines of preferential deformation- -lines of flow- -produced by 
moderate deformations and occurring on polished surfaces were described by 
W. Litters 0 m I860, and bj T L. Hartmann in 1896. They are hence called Litters’ 
lines or Hartmann's hues. According to P. Breuil, in the bending of a plain bar 

(Fig. 1G3) two systems of lines start under the 
knife-edge on opposite sides of the bar. The lines 
cut one another at the same angle; the two 
groups of lines arc symmetrical ; and they do not 
unite at first, but spread rapidly from one port to 
another of the bent surface, leaving a central 
space as a kind of neutral zone without lines. 

Fio 103.— iAidorw 1 orllurtinunn B ^ ’’T 11 W"". the ™.tral WW* » 
Lines produced mt he Defunna deformed, and finally rupluie occurs L. Hart- 
tiun of a Plain Iron Hur. in atm and A. Nadai showed that the lines form 

families of lsogonal cycloids. E. Meyn said that 
Litters’ lines appear earlier than slip- bands when polished test-pieces are subjected 
to a tensile stress. The production of these lines -was also discussed by I\ Breuil, 
(\ H. Carus-Wilnon, V Chajipell, V Fremont, G. H. Gulliver, E. Hcyn, II. M. Howe, 
J. E. Howcrs, J. B. Johnson, W. Mason, M. MutweiefT, P. Oborhnffcr and 
M. Toussaint, F. Osmond and co-workers, A. M. Portevni and J Durand. 
H. 8. Kawdon, F. Itobin, J. .Soigle, and H. W. J. Hmith and co-workers. 
B. 0. Laws and A U. Allen studied the lines of niaximuin stresses in steel 
plates. C. Chappell suggested a connection between Litters’ lines and brittleness ; 
H. Fowler studied the hardness m the vicinity of Luders’ hues. 

It has just been shown that the plastic strain or deformation of metals is not a 
homogeneous shear such as is the case with a viscous liquid, but is rather the 
resultant effect of a hunted number of separate slips. When a stress is great enough 
to cause a crystalline plate to rupture, the resistance to shearing offered by the 
cohesion of the crystalline particles is not greater before than after the slip has 
taken place. Indeed, the cohesion between the particles seems to increase pro 
gressivcly as the slip or deformation increases in magnitude. Once slip has occurred 
the deformation does not continue when the deforming stress is again applied ; a 
greater stress is needed to produce further deformation. The cohesion of the 
deformed metal increases during the test. The explanation of the phenomenon 
offered by G. T. Beilby 7 involves the assumption that iron, and other metals can 
exist in an amorphous state — amorphous iron. The term ‘'amorphous” is contrasted 
with the term “ crystalline ” ; and it is intended to connote a state in which the 
orientation or regular, orderly arrangement of the constituent parts characteristic 
of the crystalline state is absent. An ordinary liquid is in the amorphous state. 
When a liquid is cooled without undergoing any critical change or crystallization, 
it forms an undercoolcd liquid, and w hen the viscosity is groat enough, an amorphous 
solid. Ordinary glass is an example of a congealed liquid or an amorphous solid- - 
vtde 1. 9, 6. G. T. Beilby said : 


hi the opt nitinn of jiohshing, a true skin is foiined over the polished surface. This skin 
gives unmistakable signs that it iiae passed through a stato in which it must have ^osseNSod 
tile iKirfert mohriily of a liquid. In its final state it possesses distinctive qualities which 
diflercntiato its siihslunco very clearly from that of the unaltered substance I lexica th. H 
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touch blrdw, and, even when formed on the surface of a crystal on which 
vatiee in different directions, its hardness is the same in all direction*, Thi* 
that layer* >f a solid many hundreds of molecules in thickness can have the 
mobility of the liquid state conferred, upon them by purely mechanical movement opens 
up | aiiew field of inquiry into the internal structure of metals which have been hardened 
by cold-working . A theory of hard and soft states is suggested in which hardening results 
from the formation at all the surfaces of slip or shear of mobile layers similar to those pro- 
duced oh the outer surface of polishing. Those layers retain their mobility for a very brief 
period, and then solidify in a vitreous amorphous state, thus forming a cementing material 
at all surfaces of slip or shear throughout the mass. The term “ vitreous ” here employed 
narrows the field to amorphous substances which in some degree resemble the gloan-Uke 
form assumed by the silicates when they are Boiidified from tho molten stale. . . . The 
transient existence of the mobile phase makes slip and movement among the Lamellav 
■possible and easy, and it is the sudden resolidification of these mobile layers into a non- 
erystalline, vitreous condition which arrests deformation under a given deforming stress. 
Tlie original surfaces of any slip are now cemented together by the more rigid material, 
and new surfaces of slip are developed only by higher stresses. Tho plasticity of the 
crystalline state is thus gradually used up, and the aggregate os a whole becomes more 
and more rigid. When this has reached a certain stage, further increase of stress leads, 
not to plasticity flow, but to disruption. 

The geneml effect of mechanical cold-work is to lower the electrical conductivity 
(A. Michels) ; to change the magnetic susceptibility (K. Honda and Y. Shimizu) ; 
to distort the lattice structure (A. F. Joffe) ; to modify the sliding friction 
(R. B. Dow) ; to modify the contact potential (W. Ende) ; to modify the photo- 
electric current (R. F. Hanstock) ; to modify the triboelectric effect (R. F. Han- 
stock) ; etc. 

F. Osmond pointed out that in the crystal boundaries between adjacent 
crystals, differently oriented, there must be many pockets so small that, no crystal 
unit can fit into them. 

When two grains possessing different orientation touch one another, their respective 
reticular systems cannot infcei Lock, and there are strong reasons for the Iwlief tlmt there 
exists between the two grains a sort of amorphous envelope, the average thickness of 
which is of the same order os that of tho crystalline molecule. If it be assumed, us it 
is admissible to do, that in tho ease of hardened steel the average diameter of the actual 
grain-invisible under the microscope— -is also of the same order of size, the idea might 
be entertained that in hardened steel the iron might lie amorphous. 

G. D. Bengough suggested that the reason why rupture usually avoids the 
crystal boundaries is because these are stronger than the crystals themselves, since 
they are filled with an mtercrysbdline cement of amorphous metal. J. E. Bears 
also explained some of the anomalies in the elastic properties of metals by supposing 
them to consist of crystalline grains held together by an amorphous cement. The 
idea was developed by W. Rosenhain and D. Ewen. W . Rosenhain assumes that 
the intercrystalline cement is amorphous iron like (J. T. Beilby’s strong, hard, and 
brittle amorphous iron. The latter is produced by the severe straining of the 
crystalline metal, the former, by the solidification of liquid layers enclosed in such 
narrow spaces that they cannot assume a crystalline orientation. Some circum- 
stantial evidence is quoted in support of the hypothesis : (i) the widening of the 
grain boundaries by etching ; (ii) the greater loss by volatilization when fine- 
grained metals are heated in vacuo than when coarse-grained metals are similarly 
treated ; (iii) the embrittling of silver by prolonged heating in vacuo is attributed 
to the loss of intercrystalline cohesion by the volatilization of the bond ; and (iv) the 
intergranular fracture which occurs when metals under stress are heated just below 
their m,p. It is assumed that the solution and vapour pressures of the amorphous 
material then are those of the crystalline metal. H. M. Howe considers this 
evidence extremely weak, beeausf the facts quoted can be explained in other ways. 

/W. Rosenhain and J. C. W. Humfrev observed (v) that as the temp, rises and the 
rate of straining decreases, rupture in ferrite tends to become intergranular rather 
than intercrystalline. The amorphous intcrcrystalline cement, behaving like 
ordinary undercooled solids, becomes a viscous liquid as the temp, is raised, and 
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thus offers less and less resistance, until it yields to the stress. The brittleness 
which accompanies coarseness of grain is explained by assuming that dip occurs 
simultaneously along the whole of any one plane, and this creates a weak mobile 
state along the whole of that plane ; so that with coarse crystals, where the length 
and breadth of each plane is relatively large, the metal becomes relatively weak 
and rupture occurs. Thus, F. Osmond and oo-workors found that a chisel-blow 
along one of the cubic cleavages of an isolated crystal of ferrite split it easily without 
deformation, whereas a similar blow at an angle of 4f>° to the cleavage plane cut the 
crystal without breaking it. F. 0. Thompson developed a theory that the intcr- 
cryHtalline strength will be greatest when the intercrystalline film is thinnest. 

(1. T. Beilby showed that amorphous iron is probably brittle and hard like other 
vitreous, amorphous substances — eg. gloss. R, JT. Anderson and J. T. Norton 
failed to find X-ray evidence of an amorphous phase ; they said that the polished 
surfaces of metals give a radiogram of the same pattern as severely cold- worked 
metals, and inferred that the surface layer consists of innumerable submicroscopie 
crystalline fragments, and not of amorphous metal, which should give black bAnds 
in the diffraction pattern. L. Ca lumen suggested that the crystals do not have an 
intermediate amorphous cement, but rather a matrix of extremely fine crystalline 
matter in which are embedded visible crystals, presumably of the same composition 
as the matrix. F. B. Foley also said that the growth of crystals m the freezing 
metal takes place atom by atom, and not rube bv cube This is taken to mean 
that no amorphous cement exists at the gram boundaries The mtercrystalliiie 
fracture at high temp, is due to a weakness of the structure of the boundaries, for 
the atoms at the boundaries are only loosely held, having become detached from the 
lattice of the crystal, and are consumed in the process of crystal growth, not having 
finally settled into the lattice of the growing crystals When ferrite separates from 
austenite, the ferrite is not formed within the crystuls and rejected at the boundaries ; 
rather does the ferrite form at the boundaries of the austenite crystals. Atoms at 
the crystal boundaries are freer to assume new orientations ; they possess energy 
in excess of that necessary for maintaining their positions in the lattice. The sub- 
ject was discussed by F Hargreaves and It. J. Hills. 

(\ A. Edwards and H. C. H. Caqwnter assumed that when steel is quenched, a 
pronounced twinning of the crystals occurs, and that the hard, amorphous, vitreous 
layers, formed on the gliding planes during the internal slipping or twinning, are 
retained by quick coolmg. This hypothesis brings the hardening by cold- working 
and hardening by quenching into close relationship ; both an' due to the formation 
of amorphous layers by intercrystallinc movement or slip, although the agencies 
producing the slipping are different. This is in agreement with F. Osmond’s state- 
ment : If it be assumed, as is permissible, that in the case of hardened steel the 
average diameter of the actual grain, invisible under the microscope, is of the same 
size as the crystal molecule, the idea might be entertained that in hardened steel 
the iron might be amorphous. In order to agree with the observation that all 
carbon steels are magnetic, no matter how quickly they are quenched from a 
high temp., it is supposed that the amorphous layers- deoryntallized y-iron — are 
magnetic. According to W. E. Ruder, the intergranular cement in iron containing 
4 per cent, silicon may be completely removed by making the alloy an anode in 
a soln. of potassium dichromatc ; or by heating the alloy in hydrogen at a temp, 
just below the m.p. 

W. D. Bancroft objected to the amorphous film theory that its advocates have 
taken whatever properties they needed and have assigned them arbitrarily to the 
hypothetical amorphous phase. G. Tammann suggested that the amorphous film 
theory violates the phase rule- 1. 9, 5 — which shows that the liquid of a pure metal 
can exist in contact and in equilibrium with its own solid only at one definite temp.— 
press, constant. W. Rosenhain, however, showed that the deductions from the 
phase rule make no stipulation os to the time necessary for an unstable phase to 
pass into a stable phase. The phase rule gives no indication whether an indefinitely 
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lafge number of years or a movement is needed for the change. 0. Tammann, and 
M. Htoselblatt also showed that since the crystalline state is more stable than 
the amorphous or undercooled liquid state, the amorphous phase should tend to 
become crystalline and not conversely. This objection does not allow for internal 
pressure. Again, the amorphous phase is bulkier than the crystalline phase, so that 
the effect of press, should convert the amorphous into the crystalline solid — vide 
1. 9, t—but only when the liquid phase is free to escape — vide 1. 13, 18. E. Heyn 
assumes that the contact films differ from the undeformed metal, but are not 
amorphous. The difference is due to surface tension. The total surface tension 
of the films with a fine-grained metal is greater than when the metal is coarse-grained ; 
as a result the small grams have a tendency to unite and become large ; while 
deformed grains have a tendency to become equiaxial, and, as observed in other 
cases by 0. Lehmann, to combine into a single homogeneous crystal. The varia- 
tion in surface energy is supposed to explain the changes in physical properties 
which are produced by plastic deformation ; but H. M. Howe said that it does not 
explain the phenomena attending slip — vide supra. The subject was discussed 
by J. H. Andrew. 

G. Tammann inferred that the hardening, etc., during plastic deformation is due 
to the crystal grains being subdivided into an increasing number of polyhedra or 
lamellae through the formation of gliding planes, and without any destruction of 
the true crystalline arrangement. The increase in the energy on deformation, 
observed by (1. Tammann, and H. Schottky, is absorbed owing to the formation of 
so many new boundary surfaces, and this reappears in the hardened metal as an 
increased solu. press., etc. Hence, a worked metal differs from an un worked metal 
in having its crystals definitely oriented owing to the development of cleavage 
lamellae and twinning 0. Chappell modified the hypothesis in some directions. 
He assumed that deformation does not in the first, instance destroy the continuity 
of the molecules across the cleavage or gliding planes, but produces between them 
at those points a condition of high tension. By further deformation along one of 
these planes the tension heroines greater than molecular cohesion, the molecular 
continuity is broken, and the deformation along this plane becomes permanent. 
By the simple grinding together of these two surfaces, by further deformation, 
a layer of debris is produced between them, as would be the case if two stones were 
rubbed together. This layer of powdered ferrite retains its crystalline character, 
and can be regarded as being in a met/icrystalline state likely to possess a very low 
crystallization temp. It is probable that the parallel markings observed in severely 
deformed ferrite crystals at 350° to 500° are the result of the recrystallization of 
this material and of the severely deformed adjacent parts. The decrease in density 
which accompanies plastic deformation is due to the crystalline debris along the 
cleavage planes occupying a greater vol. in its irregularly arranged condition than 
when fitted accurately together in the crystalline mass, just as an irregular heap of 
bricks occupies a greater volume than when the bricks are built into a wall. 
C. Chappell s metacrystalline state recalls W. Guertlcr’s assumption that the 
intercrystalline matter is in a paracrystaUine state, or vwniycr stahil onmtiert. Accord- 
ing to J. C. W. Humfrey, the slow contraction of tensile test-pieces on releasing the 
stress after plastic deformation and the decreased elastic limit in compression 
after plastic tensile-strain are due to the elastic skin enclosing the crystals. Accord- 
ing to C. Chappell, the slow contraction after plastic tensile strain is simply due to 
the condition of high molecular tension existing on the planes of slip, in consequence 
of which the crystals seek to return to their previous shape, like springs in tent ion. 
Rise of temp., by decreasing the frictional resistance of the material, accelerates this 
contraction. The restoration of elastic properl ies by heating at very low temp., 
as also the disappearance of slip- bands on heating, may bo attributed to this same 
effect, whereby rise of temp, facilitates the release of the condition of internal 
molecular tension, thus restoring normal conditions within the crystals. It is 
also evident that the molecular tension produced on the cleavage planes by plastic 
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tensile strain will assist a force subsequently applied in the opposite direction, thus 
aiding compression after previously applied tension. 

There are other hypotheses as to the nature of the interciystalline boundaries, 
which experiment has shown to be the seat of cohesive forces so powerful that 
fracture, as a rule, runs across the grains themselves rather than follow the inter - 
crystalline boundaries — vide infra , tensile strength. F. Hargreaves and R. J. Hills 
postulated the existence of a transition zone between two orientations, so that the 
intercrystallino phase is not amorphous material, liecausc for the same two orienta- 
tions and the same relative position of the boundary, the same pattern of atomic 
arrangement is always found on the unstressed metal. J. 0. Arnold referred to the 
interlocking of the crystal* across their boundaries, presumably due to the dendritic 
interlacing of adjoining crystals. W. Rosenhnin also suggested that the strength 
of intercrystallino cohesion is partly due to the interlocking of the skeleton arms 
which the crystals develop during their first formation, Owing to the dendritic 
branching of the crystals at the boundaries, the boundaries may b© more or less 
jagged or saw-toothed. The intercrystalline boundaries are thus considered to be 
regions of mixed orientation, which offer greater resistance to slip than regions of 
unifoim orientation. Some branches of the dendrites follow the orientation of a 
gram on the right and others the orientation of the gram on the left of the boundary. 
The intercrystalline boundaries form a network of cells upon which the true resist- 
ance of the metal depends. Plastic deformation occurs when the cell-walls begin 
to give way and in doing bo they carry with them the 1c.sk resisting masses of th< 
crystalline grains. Tins agrees with the observed relations between the slip bands 
and the intercrystalline boundaries. F. Osmond and ro workers also observed the 
frequent doubling of the intercrystulline boundaries of the crystal grains of fi nite 
in purified iron. 

W. Barlow suggested that surrounding each growing crystal there is a layer of 
molecules which, although not held together in the rigid solid condition, yet an 
tending to a regular formation such as exists within the crystal itself. Areordmg 
to J. C. W. Humfrey, when two crystals are gradually growing towards one another 
each will endeavour to marshal the surrounding molecules of the liquid to its own 
orientation. If equilibrium could be established Indore the temp fell below that 
at which crystallization becomes difficult, there would ls» formed 1 jet ween two 
crystals a layer of matter m which the molecules aie so arranged as to pass by sin, ill 
displacements from the orientation of one crystal to that of the othcT. If the cooling 
be rapid enough, before the* state of equilibrium c an be attained the layer of liquid 
between two crystals would liecnrue so viscous as to remain in the amorphous 
undercooled Htatc. In such a case the amorphous layer would be connected to 
each crystal by molecules whose* distribution gradually approached that of the 
crystal nearest them. Subsequent anneuling would tend to reduce the layer ot 
undercooled liquid and bring about the gradual and continuous change representing 
c omplete equilibrium. When the system is in equilibrium, in any particular plane 
of the region between tw'o crystals in which displacement from the orientation «»( 
either occurs, the thickness will depend on the relative* difference of orientations m 
this platoe. The greater the difference of orientation, the more adjustment ^ 
required and the greater thickness necessary to complete it. No displacement 
of either orientation will be required in passing from one crystal to an adjacent 
crystal similarly oriented ; and if this plane, be also one of gliding or cleavage*, 
these pnqierties should lx* continuous between two crystal*. This is in agreement 
with the microscopic study of -train phenomena. J. 0. W. Humfrev offered af* 
evidence of the existence of some such boundary the curvature and forking of slip- 
bands m ferrite as they approach the boundaries. This curvature, however, was 
regarded by If. M. Howe as facilitating the propagation of Hlip along the slip-planes 
of the grain on the other side of the boundaries. 

If. M. Howe was unable to confirm the existence of a region of mixed orientation. 
H* 1 considered that surface tension opposes the crystallizing force, thus tending 
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to straighten and smooth the grain boundaries and efface the initial dendritic inter- 
* locking. It is also difficult to suppose that such a state of things at the boundaries 
of the grains can survive the obliteration and regeneration of grain boundaries 
which must occur during the various transformations which steel undergoes during 
the mechanical kneading which attends rolling, forging, wire-drawing, and annealing. 
Grain-growth would also tend to efface the interlocking or mixed orientation 
assumed to exist between adjoining crystals. H. M. Howe docs not consider that 
the theories of interlocking and of mixed orientation explain adequately how defor- 
mation and rupture avoid the grain boundaries and preferentially cross the grains 
themselves. Nor does he consider that the amorphous cement filling can explain 
this, because an intergranular layer at once discontinuous and approximately of 
molecular thickness is not likely to offer sufficient resistance to a shearing stress. 
He prefers to modify the amorphous film theory by assuming that there is a pro- 
gressive accumulation of amorphous metal about the crystal boundaries owing to 
the breaking up of crystalline metal caused by the discontinuity of the slip-planes 
in adjoining crystal grains. The generation of the amorphous metal in the dis- 
turbed region would add to the discontinuity in opposing the propagation of slip 
past the grain boundaries. Onc e such a layer is formed along the grain boundaries, 
any further slip has to overcome (i) the resistance which this amorphous material 
opjjoses to slip because of the absence of slip-planes, planes of low cohesion ; and 
(ii) any increase in the strength of the grain boundary regions. 

The grain-size of the crystals of metals affected by the rate of cooling during 
solidification, so that a large casling will have an average grain-size different from 
that of a small casting cast at the same temp., because of the different rates of 
cooling. As a rule, with slow solidification, crystallization proceeds from a relatively 
small number of nuclei, and the final grain-size will be relatively large ; on the other 
hand, with rapid solidification, crystallization proceeds from a relatively large 
number of centres, and the final grain-size is relatively small. If metals be exposed 
to a high enough temp., there is a tendency for the crystal grains to enlarge, but it is 
doubtful if the grain-growth will take place below the m.p. unless the metal has 
been previously strained, or unless, as in the case of iron, allofcropic transformations 
occur. When the deformed metals are heated - -annealed — a rearrangement of the 
crystals— a recrystallization or gram-growth— occurs, tending to remove the strain 
of distortion produced by cold-working and to produce equiaxial grains. G. Tam- 
mann and W. (Jronc observed that quenched electrolytic iron had 3-4 crystals 
per sq. mm., and slowly cooled iron, 1*8 crystals per sq. mm. — the numbers of 
crystals after recrystallization at 880° were respectively 163-fi and 107-7 per sq. mm. 
Z, Jeffries and R. S. Archer 8 gave 430° for the temp, of recrystallization ; and the 
theory of the subject was discussed by J. A. M. van Liempt. II. Altrcter supposed 
that grain-growth and recxyslallization are the result of thermodynamic instability, 
and that the energy changes which accompany cold working arc partly reversible 
and partly irreversible. According to Z. Jeffries and R. S. Archer, grain-growth 
in solids can occur with (i) worked metals, (ii) compressed powders, (iii) electro- 
deposited metals, (iv) when a metal changes its allotropic form, and (v) when a 
new phase is formed in the solid state, According to A. Sauveur, the dimensions 
of the grains so produced will be dependent on (i) the nature of the metal, (ii) the 
amount of deformation or mechanical work, (iii) the size of the distorted grains, 
(iv) the temp, of deformation, (v) the annealing temp., (vi) the duration of the 
annealing, and (vii) the rate of cooling from the initial temp. 

H. M. Howe called tho temp, at winch the recrystallization or grain -growl li begins 
the gmwnative tempi ratvre ; the range of temp, below tho germinativo temp., tho inert 
rang* ; and the range of temp, above the germinating temp., the growth range . According 
to Z. Jeffries and H. 8. Archer, certain conditions of non-uniformity— gram-size contrast, 
strain gradients, concentration gradients, ami obstruction gradients— may result in the 
formation of abnormally largo grains Tho presence of foreign matter or of a second phase 
introduces mechanical obstruction to grain-growth ; and resistance increases as tho pro- 
portion of foreign matter or other phase increases, and as tho grain-size diminishes. 
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The presence of a certain amount of obstructive matter mky promote germination. The 
higher the germinaitve temp , tho coarser the grain mao anil the quicker the growth The 
more lapid the use of temp through tho genmnativo temp, range, within certain limits, 
the finer the grain size 

Z defines and R S Aicher showed that the gram-size m Any given metal aftci 
complete recryatallization is normally smaller the lower the recrys Utilization temp 
Above this temp the gram-size is normally greater the higher the temp and the 
longer the cxposuie The higher the temp , the more rapid the gi&in-growth At 
a temp near the m p a few him onds may suflfne to produce grains which do not 
change on u prolonged exposure The\ said 

The giam si7< in cast metals is usualh small in pinportinn to tho rate of HolidifUalion 
In such metals as undergo no phase ( hangi in t he solid state giain size i Annot ho appron&hly 




Km 104 lln 1 ffi < t of I uni 
on i la t'liun si/i 


In 1 <)”» Du I fft< t of It ivijm ml mi 

on tin ilium h/( 


< hangtd h\ In at mg Is low tin riultmg p* ml i« ram growth m the solid stall mu\ im mu 
under \niio\ih i onditioTks Hsvilnn ir. i ImnM it* tdluliopii foi m and in allo\ s w In n a nr « 
pliant is mmiisl m tlw solid stuff l>< loin at ion siimUru -s of grain jmnt\ low It nip 
detomiation, and long homing lout r r« 1 t\ staliizution U nip <<tmn size after < ovnjili U 
M < nstallization ih nommlK hiiihIIi i thr lowtrthn i< c r\ 'tulJt/ution temp High ti vnp 
mm ascs gram sin J h< login i (lit tunp the molt lapid tlu gram growth 'I Ik tonrm 
tion of nhnorinalK laigt giains (gi nmnatu n t is mini touts dm to non uniform « onditions 
Suih conditions arc grain si zt ronttasl and strum tt fvip < om entiation anil obstnu tion 
* giadtenlfl IWno oi fnmgn matter or of n m < oud phase introduifs nu i huiiit d 
obatriK tion to grain growth \ ititam amount ot otixl nation pionintos gnirimudion 
TIh higher lh< gc rnunutiw ttinp tin lurgt r gram** and the morv rapid the n growth I In 
more rapid tlu heating througii tin g* immuUic U inji rangt (within lunita), the (mu lh< 
gram hi/c 



1 J ObrrhuffeFs turves foi the effect of time on the giain size of ferrite are shown 
m Fig 1 #54 , and lus ivi\i foi the effect of temp on the giain size of cast steel 
with 0 27 per cent of carbon in Fig Hi") Observations on this subject were 
also made b\ L H J Son son and V ( f Thompson, some of whose results are 
mdicuted in Figs lt»b, If>7, ami IhS The ordinates m all canes represent the 
numhei of grains pet hi] mm , ho that the greater the number the smaller the 
gram-Hize Fig JbO shows the effect with arnuo non, the results with pcarlite 
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are aimilat. Pig. 167 shows the influence of carbon on the grain-size after 
annealing fur an hour ; and Fig. 168, the effect of manganese on the grain-size 
after annealing for an hour. R. Johnson found that the temp, at which recryatalli- 
zation begins and ends are higher the higher the proportion of carbon. Observa- 
tions on grain-growl h were made by C\ Agte and K. Becker, R. J. Anderson, 
A. E. van Arkel and co-workers, J. O Arnold, E. J. Ball, P. Beck and M. Polanyi, 
A. A. Blue, A. A. Botschwar, H. Branded, J. A. Brinell, E. R. Brophy and 
R. H. Harrington, Y. Chu- Phay, W. J. (Vook, J. (V.ochralsky, K. Thieves, F. S. Dodd, 
(\ A. Edwar<ls and L. B. Pfeil, II. Fay and S. Biidlam, P. Fischer, W. Fraenkel, 
J. R. Freeman, H. Giersberg, L. (3-renet, I). Hanson, W. Heike and F. Westerliolt, 
E. TJeyn, V. E. ililhnan and F. h Coomm, 0. F. Hudson, II. von Juptner, F. Korber, 

V. N. Krivobok, R. Kiihncl, J. A M. van Liempt, H. Liipfert, II. Mathewson and 
A. Philips, U. G. Morse, ('. H. Risdale. F Sauerwald, A Suuveur, E. Schcil, 

W. Schneider and E. Jloudrcinont, H. Scholl ky and JI. Jungbluth, M. von Schwarz, 
W. Tafel and co- workers, G. Tainniann and W. Salze, 1). Tsclierrinff, G. W. Walker, 
H. G. Wang, etc. In a general way, with euteetoidal steels wdiich have been 
previously deformed or attained, the higher the temp, above the Acj-arrest from 



Figs. Kill, 170, und 171.- The (Jnun-si/o aequired at IHKi , 1212 , and 1320’ 

(V\ . Campbell). 

which the steel tools, the larger the size of the crystal grains ; while if the Ac, -arrest 
is the highest temp attained, then the steel will have the finest grain structure it 
can assume H M Howe and A Nnuveur, indeed, found empirically for one sample 
that if 6 denotes the highest temp in the annealing furnace, and A the average 
area of the grain m si| nini , 0 680 t 281250.1 The results of W. Campbell s 
observations on tin* gram size at 966 1212 . and 13-19' are illustrated by Figs. 169 
to 171 ( x 33). If hardened or unburdened eulectoiditl or hvpereutectoidal steels 
be heated above the Ae r arrest. all previous crystalline structure is obliterated and 
replaced by the finest possible structure the metal can assume at the given temp. 
The breaking up und ohlitciation of the old structure may not be complete with 
some hypoeuteetoidnl steels. According to K Dacves, iron containing a small 
proportion of carbon acquires a new structure w r hen heated to ll25 fl , owing to the 
separation of ferrite and pcarlite in eeitain directions which are oriented erys+allo- 
graphically. J. E. Stead studied the rccrystallization of mechanically deformed 
iron and steel, and found ■ 

In practically cnibonliss iron, unit steels of line gi.im produied by forging, Uio grains 
incioaso slowly in hi/* 1 ait ,100 . and inoie ni]U(lly lu'lvrin 000 and /«10 ; and it n possible 
by heating for a fow hours at about 7U0 to develop granular masses of exceeding coarseness. 
When iron is mode coarsely granular, by long heating at a dull rod-hent, and heated lietween 
750° and 870°, the structure is as a rule not altered to any material uxtent. but as soon 
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as the tomp. rises to about 900 °, the granules again become small. . . . Elongated crystals 
of facnte, produced by severe cold deformation, usually split up on rocrystallization into 
smaller crystals wlioso diameter m each direction corresponds approximately with the 
breadth of the original elongated ones. 

H. C II Carpenter and C. F. Elam concluded that in the recrystallization of 
metals : (i) growth may take place either by a large crystal growing into a smaller 
one or conversely, t c. growth is independent of the size of crystals — vide 1. 10, 1 ; 
(ii) the relative orientation of the crystal being grown into and that which is 
growing does not nflect the growth , (in) a crystal being invaded by one crystal may 
at the same time grow at the expense of another ; (iv) the rate of gTowth is not 
constant for a given time at any particular temp , and (v) the change of orienta- 
tion is accompanied by a difference of level of the surface, which is the boundary 
marking observed 

A Pomp and 8. Wcichert noticed that the recrystallization of cold rolled, low- 
carbon steel was first noticeable at 600°. The results of J. E. Stead on hypo 
eutectoidal steel are represented graphically in Fig 172, along with H M Howe s 
observations on a eutectoidal steel The dotted continuation of A indicates that 
the grains of austenite above Aij begin increasing m size from the time they begin 
to form ns soon as the temp rises above Ac t . In both steels ictinmg oicuis 
on pawung the Ac } arrest, but with low-carbon steel then 1 is a miisening ami 
consequent embrittling as the temp approaches the Acpunest The bnttlemss 
caused by overheating high carbon steel, ami that due to the long exposure of 



iOOOC 

^ wooc 
? ,om 

fOuOO 


* ftnuhnn*' 

J T | 1 

t i t * I 
,1 


I t : 

1 1 ^ i j i f 
°r xrWliv *TbF Togo ° 



Kiev 172 Tlir Effort ut Tein]M'raiun on the 
Cirain size of 


Fi(f 173 The Efimt of 
Tuiii|ienitiirc on the 
i Sram Him of Jioii 


low-carbon steed between 500 and 700\ are both cured and the metal refined b\ 
heating it beyond the Acj-arrest As the temp approaches the Ac 3 -arrest. the free 
ferrite 1 women progressively less owing to its absorption by the austenite, but it^ 
position does not appear to change, for its gram-Mze does not alter On passing the 
Ac 3 -arrpflt, however, the absorption of the ferrite is completed, and the coarse 
granulation and brittleness also disappear The different behaviour of the two 
steels as the temp approaches 700° is connected with tbeir constitution Tin 
high carbon steel consists of a ground mass of jiearlite penetrated by u thin network 
of ferrite, whereas with the low-carbon steel the poiirlite is present in scattered 
masses m an excess of ferrite. Heme the coarsening of the gram of thp low carbon 
steel as the temp approaches 700 e is due to a coarsening of ferrite rather than to a 
change m the |>earlite The observations of (\ (liappell cm the rccrystalliZRtmn of 
Swedish wrought mm and mild steel at different temp, are summarized in Fig. J7*’J 
The average grain sizoh of the two mate rials are similai at al»out 650 , but at 850 { 
the rivstal grains of wrought mm ha\e mx times the average diameter of those* of 
the mild Meed 

H. LUpfert studied the effect of time, annealing temperature, and speed of cooling 
on the grain-size of steel with 0*1 9C per rent, of carbon, and the results arc Mim 
marized id Figs. 174 and 175 Similarly with the results on chrome-nickel steel, 
containing 4*0 per cent, nickel, 0*7 per cent, chromium, and 0*1 per cent carbon 
which arc summarized in FigH. 17f> and 177 B. Jon sen found that with steeds 
containing 0*60 to 1-15 per cent, of carbon, the temp, at which crystallization begins 
and ends arc* the higher the higher is the pmportiou of carbon. The optimum tomp 



Hch between 6D0° and the Acupoint. * W, Crone, and F. Wever and N. Engel also 
studied the effect of the rate of cooling on the structure of the carbon-iron alloys. 

According to P. Gocrens, the ferrite in cold-drawn iron and steel recrystallises 
at temp, between 520° and r>H0° ; the elongated ferrite crystals arc then replaced 
by ordinary polyhedral or allotrivnorphic shapes. H. O’Neil found that recrystal- 
iization commences at the grain boundaries and at etch bands where the metal is 
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deformed in the cold the crystal size reaches n maximum between 700° and 750°, 
and decreases ■dightlv with a rise of temp, to IHHr, where the gross crystallization is 
destroyed. 

Observations on the mivM alligation of cold-woiked and other forms of iron and 
other metals were also made by 11. 1\ Ahrell. H Allen, A. E van Arkel, 

J. Bausehingei, 1*. Week, H. Pecker, J. I). R.'iintnn, U. Oharpj. E. 0. Courtinan, 

K. Daeves, l\ Dehlinger, A. N. Povrovidofi and Y. V. Grdina, 0. W. Ellis, 
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J. R. Freeman, 0. Fuchs, N. P. Goss, L. Grenet, H. Hanemann, H. Hanemann and 
C. Lind, E. Heyn, E. Heyn and 0. Bauer, H. M. Howe, A. Joist en, T. von Karman. 
0. von Keil, G. L. Kelley, F. Korber, P. Longmuir, H. Ltipfert, D. J. Me Ad am, 

G. Masing, E. Maurer, K. Neu, P Oberhoffer and co-workers, A. Pomp, A. M. Porte 
vin, E. Preuss, H. E. Publow and co- workers, H. Puppe, E. Rasch, O. Reinhold, 

F. Riedel, W. Rosenhain, M. Rudeloff, W. E. Ruder, K. Rummel, A. Sauveur, 

H. M, Howe and A. Sauveur, E. Scheil, E. H. Schulz and J. Gobel, W. Schwinning 
and E. Strobel, K. A Seyrich, R. H. Sherry, C. Sobbe, A. Rtadler, C. Sutor, W. Tafel, 

G. Taminann, R Vogel, M. Voliner, H. Wald, J. H. Wbiteley, M. H. Wickhorst, 
and F. Wtist and W. (\ Huntington 

The general results show that the grain-size developed on recrystallization is 
dependent on the amount or degree of mechanical deformation. P. Olierhoffer 
and W. Oertel represented the effect of mechanical work and temp, on the grain- 
size of electrolytic iron, in terms of an average crystal, by Pig 178, a diagram 

analogous to that employed for the case 
of tin- 7 1(1,1. The results .show that 
the temp, at which xeerystallization 
begins depends on the amount of 
previous deformation, being lender as 
the amount is increased , if the deforma 
turn is severe, the grain growth is slow 
up to 700 anil above that it is rapid , 
and if the amount of deformation is 
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slight, the growth is rapid even below 
the critical range. H JIanemnnn and 
co workers observed that the curve 


showing the relation between the grain-aize and degree of deformation and that 
showing the relation between the deformation and the temp of rec ry st all iza lion 
are hyperbolic. The parameter of the hvjierbnlu for the gram-size of steel is a 
linear function of the crystallization temp If 0 is the minimum temp at which 
crystallization occurs; r, the degree of deformation; <£, the grain-size, and 0 
the temp, of recrystallization, then 2 vtfp a*(0 0 r ), where a is a constant, and 
0 r ---fi2U°. The subject was discussed by P. Oberhoffer and W Oertel, and 
W. Riedo— vuie infra, alternating stress tests. The subject was also studied by 

H. E. Publow and S. E Kmdair, and M von Moos, P. Oberhoffer and W. Oertel 
According to F. C 1 Kelley, rapid gruin-growth results from diffusion, when the 
direction of the grains is parallel to that id the diffusion. G. Tammann said : 


Two contiguous crystals < an W m equilibrium with one another only when tho crystallo- 
graphic equilibrium lattui plum of bull] crvRtabi lie together in the same piano at the 
surface of contact, that ih, when tlie apace-Iattices of both crystals form a single lattice, oi 
when the plane of contact is a twinning plane. If one or the other of these conditions is 
not fulfilled, then when the temp, ir raised suflknently to allow of a (certain amount of 
change in the position of the atoms or molecules in the lattice, new lattices of mean 
orientation to the surface of contact will be formed, that is, a recrystallization will take 
place. 

Abnormal crystallization does not occur if the deformation bo above or below , 
there is a maximum and minimum limit of straining required to develop the abnormal 
crystals. C. Chappell demonstrated this by heating a broken test-bar of wrought 
iron to 870°. The crystals were found to be normal at both ends and very large 
in the middle. He Also found that when iron of a high degree of purity is strained, 
large crystals are always produced, provided the temp, at which the material is 
deformed is not aliove 900*. C. Chappell also showed that in suitably deformed iron 
crystal growth between 850° and 870° is extremely rapid. The loss the strain, the 
higher the annealing temp, necessary to obtain very' large crystals, and the larger 
these crystals will be, provided a certain minimum strain lie exceeded. The correct 
degree of plastic deformation applied at any temp, lip to 900° will cause the pro- 
duction of abnormally large crystals on annealing. The presence of carbon reduces 
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the exie of the largest crystals and makes a greater strain necessary to induce their 
growth. When carbon is present, as in the mild steels, the abnormal growth is 
prevented by the solid soln of carbide in lion, which separates the vanous crystals 
from one another vuic supra , germinati\c tunp 0 Chappell gave two explana* 
tions of the role of plastic deformation in pionioting the union of the ferrite crystals 
(i) If identity of orientation is the only condition necessary for the union of adjacent 
crystals, plastic deformation may he supposed to act by increasing the potential 
energy of the crystals, enabling them to bring about this rotation of their axes parallel 
to each other with greater ease and rapidity when the temp is raised (n) The 
union of ferrite crystals may be considered to be analogous with the weldmg of two 
pieces of iron in which woik is necessan to break up any separating layer of oxide 
oi flux and establish molecular contact An mtercrystalline cement, acting as a 
separating layer, is penetrated by plastic deformation, and two crystals are brought 
in contact so that on reaching a high enough temp they weld together directly 

Z Jeffrie* studied what he called the < fleet of inheritance on the gram size 1 of 
iron and of caibon steels, and the results were summarized as follows 

( 1 ) r J h* font to gi&in hi/i in pure iron the fcinte and pearlito grain m/e in h\poeutoi toicl 
stcc'l, the pearlito grain size in c ulcrtoid stool and the cementito and pearlito grain size of 
hypert utoc toid Htot 1 am not inherited fi om the grain si/e of the motlior austenite (u) Tt e 
only stiuctural h at urn that is generally inherited from tho austenite of hypo and liy]>or 
mitt <t oul Btotlw, on fooling through thoir transf on nation ranges, is the position of the 
extoHH ferrite or comcntito at the austenite grain boundarieb, sometimes causing complete 
and sometimes in< ompletc mtwoiks which outline the old austenite gram boundanes 
Rapid cooling through the transformation range will pievent the inheritance of this 
structural (network) feature (ui) Tho austonitf giain boundaries themselves are nearly 
ah* uas pffac t d in ull stc i Is and also m pure iron dunng the Arj tiansfommtions (iv) The 
grain size miming of sttcl and iron is biought about by the combined effects of non 
inheritance of tho traiiKioimation produi t« on cither boating or cooling, i c the austenite 
transformation piodurth do not inhc nt tlieir grain ftizo from the austenite on c oohng through 
thn transformation range nor docs austenite inheiit its grain size from the structure which 
hums austenite on heating (a ) In gtneial both in non and in carbon steels, the larger 
tlie austenite giam size the larger will l>o the grain M/a of the tiansfoimation produc ts on 
roolmg r J hiH of c rursc ossunus all othei conditions constant except the auBtemte giain 
Hi /e lion of a high clcgicc of puiit\ such as electrolytic non, is an exception to this 
general rule In this instance Hinall austenite grains rna> form very large ferrite grains on 
< oohng throughout the Ar, airest Ki) In iron and stool, the larger tlie iernte, cemontite, 
or pearlito grain si /o, the larger will be tin austenite grain size on boating above the 
Ac transformations (vn) 1 lie faster the rate of moling of iron and steel through the 
Ar, tiansfoimation range the siiuillor will bo the grain size of the transformation products 
(vm) The fasten the rate of healing of iron and steel, other c onditions remaining tho same, 
tho Hiuallor will be the austenite giain size (ix) 1 lie greatei tho temp gradient during 
the transformations in iron and stool on heating or cooling, the larger will be tho giain size 
(x) If the grain aizn of a tinnsionnation product in iron and steel immediately after the 
transformation is smaller than the equilibrium grain sizo of that product undor the existing 
conditions, tho equilibrium grain mzo will be established in accordance with the known 
laws of giain glow th (xi) V single grain of am constituent m iron or steel (austenite, 
fernte, pearlito) when caused by thermal tieatment to undergo oue of tlie polymorphic 
transformations, must transform from at least one nucleus, but mft^ and nearly always 
does, transform fioin more than one nucleus 

V A Edwaids and L B Vfeil studied tho conditions under which largo crystals 
can be obtained They found that a grain si/e approximately 120 grains per sq mm 
can be obtained by detarburizing iron b\ healing at 950 1 for 4b lirs , fo'lowed by slow 
cooling -12 hrs from 950° to 100° The carbon can be all removed if hydrogen is 
passed through the furnace while the metal is being heated They also found that 
the orientation of the large crystals seems to bear a relation to the direction of 
Btraining and to the surface of the strips The critical strain required to produce 
very large crystal growth on subsequent annealing varies with the initial size of the 
grain A greater strain is needed as the grain size increases. With v°ry large 
Crystals sufficient strain cannot be applied, owing to the rccrystalli/ation at the 
boundaries of the crystal Suiface crystals of the original finely crystalline aggre 
gate behave differently from the interior ones, foi they require a gieater tensile 
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•Mu befote they dwappe*r. The subject mi dwouwed by E. Suiter 
C. A. Sdvuidi «u4 L. B. Pfeil found that the deformation of wgfe crystals occurs 
by a process of slip causing little change in the crystal lattice. They added 

II* however two crystals in contact are deformed, interference with abp will uuui 
owing to the change m the direction of the slip pianos in passing from one crystal to anothci 
Under tlieee circumstances some other kind of movement occurs during deformation , t his 
aeeond kind of movement will be most intense at* and near the rryefcal boundary, and lens 
so as the distance from the boundaries uu rouses X iay analysts does not fndwato an> 
difference between the lattice constants of cold worked and of annealed metals, but sliows 
a relation in the formoi bt twee n the direi tions of the c i vstallographu a tea and the dinu tu>n 
of straining The second type of deformation (tau^rl by miei feroruo with slip) is mtoi 
preted therefore, as a rotation of the crvatallographir axes tu lompaniod b\ elastic sliains 
(the latter not being detected by X ru\ atialvnis) The depth to wlmh this r haugi jnni 
trates hom the houndaticM depends u]>ou the degree of deformation With small ir> stuls 
but little deformation will cause the depth f-n .ones pond with the radius of the < r\s(als 
The Jargor the cryatalfl tlie greater will he flu deformation nciessary to aiise fclio iJiuiigi 
to reach the centres of the < lystals \\ hen tins sec ond tvj* of dt toiinadon has fienotrafi d 
to the crystal < tutu 9 (and the strain if f fu irWal lunimjam h has not exceeded a certain 
value) and the degree of axial alignrucat dui to rotation has prootvltd to such un extent 
that, on annealing it is more oasv for the atoms to fotm a singlt crystal than to ltvorl 
to their original one ntationa With \cr\ largo rrvatalb however hofou tl»o Heuoiul i\jk 
of deformation has penetrated to the m litres t)io strain hK up at and near the iivstul 
boundaries lias become so great that < n anne a ling, it is molt t asv lot the atoms in tin si 
highly strained regions to form new tivslals (i e rc i r> stallization) than i ir a process of 
jwfec tl> uniform and stable aliguint ut loou ur p oi e qual amounts ni U n^ilc deformation 
a sin face crystal, not being subjeoted to inliifeienie with slip on all sides is not ath i Uil 
to the same degree as an mtc nor crvslal suiaraHth* soeoiidtviH of niov tun nt is i oik e rnod 
A greater degrot ot de fon nation is in (oiiBtquemt inquired btloit the t liangc. m sutfuec 
cry at ale will bo Hufhiicntlv lomplrto to of growth 01 absmption during annulling 

Whon however tlw ctitual degree of slium ih tuiisod b\ tolling and flu timlom ol tin 
sin face crystals is thus at least parti \ rtnmvid glow 111 Oi absorption e f thf mu Ian ivsfals 
c an o< c ur 

The Hcpnitof tht lion and Steel Institute on tlw noiiwnditun uf nu talh- 
graph> 9 defined burnt Steel as follows 

The Urm burnt is applied to nutul who h m buttli in < nnsoque in * of an alti ration 
in its mass i austd by oxi issue Juatmg A so culled burnt site 1 is not in u ssanl> oxidize d 
m its mass Xoai to the external surface if i arbnn is low oi absent mlergianulai Jayois 
of oxide of lion may sometimes bo det< rt-ed I he < lit rule al composition iw not nc< cssanly 
altered by the so called burning Stotl may cm heating to a very high temp in an inert 
atmosphere, develop, after cooling, many uf the propcititB of burnt Htcel Kuint steel is 
generally coarsely granular and is easily fiai Hired 

It hIno said that overheated steel ib a term applied to Ntecl that has been heated to 
excess, but not burnt Oxidized membranes art often found surrounding some of 
the grains of burnt steel and in that ease the original state cannot be ustoied by 
forging, since the films of oxide would prevent the welding of adjacent giains 
H M Howe said that steel known as overheated has a coarse stiucture which niaj 
be lemoved more or less complete!) b) reheating or careful forging If the over- 
heating has been extreme, the cohesion between the adjacent grains becomes so 
feeble that they are forced apait to a certain extent by gas evolved from within 
Vail at least of this gas is carbon monoxide formed by tlw. uhion of infilteimg atm 
oxygen with the carbon of the steel, although other gases, like hydrogen and 
nitrogen, may also contnbute, as they are thrown out of solu by a use of temp 
Burnt steel is red-shoit as well as cold short, and brittle , it (an be foigcd and 
welded only with cure , it has a low tensile strength , and its fiactuie is c oarse and 
even flaky, c rystalline, with brilliant fa( ets Excessively long or strong overheating 
produces burnt steel , and the coarseness and brittleness due to burning are reniov ed 
with greater difficulty and much less completely than those due to oveihcatmg. 

J E Stead said overheating occurs when the steel is heated at any pomt below that 
which produces incipient disintegration, and results in the formation of large 
crystals , and burning occurs when the steel is heated at or above the pomt at which 
the disintegration occurs Burnt steel ib nearly always coarsely crystalline. 
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J, E* fihteod *4ded that tfae coarse crystalline structure at overheated atec\, whAiO*^ 
to 080 par cent* of Carbon, exhibits triangular arrangements of ferrite and pea*\ite ■, 
and that of steel with 050 to 070 per cent, of carbon exhibits large ferrite cett-weU* 
with offshoots of ferrite penetrating the pearlite. A. 6. Stwnafiaid regarded the 
overheated steel as a steel that has been heated to the point of incipient fusion. 
,T, E. Stead described this theory, and rejected the oxidising gas hypothesis* 
In other words, it is assumed fiat the steel has been heated to a temp, between 
the liquidus and solidus curves, i.e. between AC and AB f Fig, S3. If this is the only 
reason, it follows that carbonless iron cannot l>e burnt, and that the higher the 
proportion of carbon, the greater the danger of burning. Thus, with a steel with 
0-50 per cent, of carbon, the burning aonc extends from about J400 L to 1450 ; with 
1*0 per cent, carbon it extends from 1310 u to 1410°; and with J *50 per cent, carbon, 
f-om 1210° to 13fiO w . The carbon increases the tendency to burning by lowering 
the m.p. and by widcuing the solidification rone, which is also the burning zone . 
An overrented steel has been heated close to but below the solidus curve, Fig. 81 
A. W. Richards and J. 15. Stead added that when Btcel is burnt by heating to in- 
cipient fusion, fusible globules or envelopes, rich in phosphorus, are formed round 
the crystals, and their presence or absence is regurded as a proof uhelkei oi not the 
stool has been burnt If those globular specks rich in phosphorus are absent, it 
may be concluded that a ied -short steel lias not been burnt, but is naturally red- 
short. J. II. Andrew said that the over-heating of a mild steel occurs only when 
the temp, is sufficiently high to hnng about a dissociation and diffusion of tlie 
carbide which, until tins temp, is attained, forms as a cone, phase around the femte 
grains. The subject was also discussed by L. Amend cin and co- workers, I\ Barden- 
heuer and K. L. Zeyeu, W Campbell, W. II. Cathcart, K. F. (ioransson, E. Heyn, 

H M Howe, W. K .Jonuii}, J V McCiae aud co-workers, E. Fold and co wuikers, 

W. Rosenlmm, J 10 Stead, L. W. Wild, and K W. Znnniorscliied, as well as in 
numerous books on the heat treatment ot sleds. H. Hancmann discussed the theorj' 
of over-heating gr vy cast iron. 
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tnsulphato, 410 
perdiuranatc , 71 
permanganate, 301 
permangamte, 275 
penhenato, 470 

potassium uranyl tnsulphate, 108 
sodium manganous pyrophosphate, 
457 
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Ammonium tetrauranato, 07 
— uranate, 18, 01 

uranium h>dm\yditmlphotetrauiaii 

ate, 07 

— - bv d m\ v li> t I i odisutpho tet raunui 

ate, 07 

owtrifluorido, 75 
ted, 97 

— t* tiac&rbonatc, 1 1 (i 

uranouH c arbnnato, 1 1 2 

— - hevasulphate, 103 

— ovalatofiuonde, 74 

- - teliasulphatc, 103 

i tram) mrboimte, 17 

r blonde , 17 

— disiilphatc, 108 

riihvdmtc, 108 

— fluoride, 10 
pentafluuiidr, 77 

pjiohplmti , 132 

— - sulphak 17 

tt. ti a bromide 03 

L< tra< hlondi , 80 

tetjamtrate, 125 
tin arbonab , U 1 
liuutrate, 125 
trisulphate, 108 
/in< maiigninnif* sulphate, 423 
\mpangabcite, 4 
Anapaiio, 520 
Andraditc 320 
Andicwstte, 520 
Anhydrous inaumunr alum, 420 
Ankente, 148, 150, 320 
Anla&s<n, t>lH) 

Annealing, 073, 721 
Awuroedite, i 
Anuphonte, 520 
Anthochroite, 148 
Anthophyllite, 520 
Aphrosiderik, 520 
Apjcihmte, 1 18, 423 
Aplorne, 148 
Arilenmte, 148 
Arfvedsomte, 148, 329 
Argontojarobite, 520 
Argillaceous iron ore, 520 
Anzonibe, 529 
Armco iron, 050, 757 
Arrest, doubling ot Ar, 854 
Arrojadite, 320 
Arsenic, 520 
Arsenical mundic, 529 
- - pyrites, 529 
Anterunplcite, 148 
Arscniphitlerite, 529 
Araenoferrito, 520 
Arseuoklaaite, 1 48 
A'bohtf, 1 48, 2M) 

Aside rites, 523 
Asteroid. 148 
Aster lute, 148 
AsLrohte, 529 
AsirophyUite, J40 
Ataxitefl, 523, 528 
Atopite, 149 

Auric manganous cm tra hlnrido, 3b8 

_ dudetuhydrate. 3b8 

Austenite, 7 ok, 819 
retained, 834 


Aut unite, 4, 134 
Awaruite, 520 
Axmite, 149 


B 

Habiugtonitc, 149, 529 
B«ekntrftmitc\ 149, 225 
Baidaufite, 529 
Hailing up, 037 
liar steel, 710 
Hunurn nut unite, 135 

dipermungamte, 27S 
diuran&te, 00 
diuraml duarbonate, 110 
(Htuhydiate, JJh 
pentahvdrate, 1 lt» 
heptapemianganite, 278 
hept a uranate, 08 
mang.matc, 28H 
inangarur p> roplinsphuti , 403 
munf.^anitomangainitt , 200 
inanganuuH r hlondi , 308 
t< trabi ornidi s, ,183 
<>< tope lmangaintf , 278 
pent apt i mangumt' , 278 
penfaunmate, OS 
}M.rdnuanat( , 73 
peimunganut' 333 
perrnaiiganitt , 27K 
1^ drale, 278 
[Humunouinnate 71 
IHTiln note, 477 
poruintmte, 71 
rhcimtt 478 
tiiuiaiinte, b7 
uranate b‘l 

inaniiini h\ droxv dtHulpluOt tiauran 
ate. 08 

)»\ dmx\ h\ dioditmlplmtetraurau 
ntt . 98 
»» d, OH 

nrunmis diphosphate. , 130 
la vm hlondt 83 
uian\ 1 t alternate ,110 
pt nt aflunride, 79 
phosphate, 130 

dm ahyt Irate, 130 
tndet a)i) drate, 130 
sulphide, 9b 
Bavkevie ite 520 
Barkov ikiti\ 149 
Bin nhaidite, 520 
Ban andite 520 
Bnrthnlnmilf , 529 
Barytuhte, 149 
Baivta ant unite, 130 
]>Hil<mittlai)f»H, 2bb 
tirunite, 130 
BitHsotite, 111, 

Baucrutcn. 'is 4 
Bci khlandf 1 
Bm kcr* Rein* ai*7, l 
Berquert lite, 4, 50, 04 
Beldongiite, 149, 2(35 
Bementite, HO 
iWaunite, 520 
Berlamte, 520 
Bcithieutc, 529 
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Beryllium ammonium manganous fluosuU 
phat'* 4l2 

- manganouu sulphides 422 
permanganate, 331 

- - pentahvdrah , 334 
uranate, 63 

Berzehite, 149 

Bessemer process, 04 R 

acid, 649 

basic, (>4° 

bteels, 64R, 7 1 1 
Metafile, 4 
Beudantito, 529 
Mianchite, 529 
Fhlhmte, 629 
Bismuth manganitc, 279 

- manganous nitrate, 410 
uranyi iodide, 94 

Hismuthyl diuranute, (>7 
Bixbvito, 149, 280, 529 
Mia* Hamel, 529 
Mbit k heart e iiRt iron, 7 *4 

n ulJeahi mng, 724 

Blakoile, 529 
Blandfordde, 111, 119 
Maw-net aid 772 
Blaseofen, 5H4 
Blast fm nil i’, 584 

i In m i a) n at turns n, t> Is 
Ulaiioien, 584 
Blonde S( hwrti;i , ,387 
Blister stixl, 752 
Hloinstraiiditi , 4 
Bloom, 583, 59 1 
Bluoman , 583 
Bloomer} , 583 
Bloi* n metal, 709 
Blue hilly, 637 
“ huttlemss, 696 
iron earth, 529 
Blmnenbacliite, 3H7 
Bodcn bender ito, 5 
Bog manganese. J49, 267 
ore, 529 

Boigshomitc, 529 
BouckiU), 529 
Bormte, 529 
BniytkiU. 629 
Bom hjesmamtt , 124 
Bosjemamte, 149 
BusjesmAiutc, 424 
Bnsphontc, 629 
Botryogen, 150, 529 
Boydenito, 800 
BraukobuHlnle, 149 
Braggite, 4 
Brunt lisite, 529 
Brandt ita, 149 
Brannorite, 4 
Braun ite, 149, 230, 710 
Braunmangan, 238 
Braunmanganerr, 23S 
Bmunatein, 140, 141 

blattrichei Hchwnrz, 231 
depurirten, 111 
metal, HI 
mlucirton, 141 
rotor, 432 

Braunsteinblende, 3H7 
Brauneteinerz Luftsuures, 432 


Brauns tamers schwar*, 231, 266 
Hraunsteinkalk, 141 
Braunstemkies, 387 
Hiaunntoink5mg, 141 
Hiaunsteinregulus, 141 
Brittleness, blue, 096 
- temper, 696 
Broggerite, 4, 50 
Bionzite, 529 
Hrostomte, 149, 206 k 280 
Brush ore, 52.) 

Bull dog, 637 
Burden, 589 
BiiSLhnianmte, 424 
Hiifihmamte, 149, 424 
Bustaimte, 149 


V 

f ar oxt inte, 529 
( Hibinmn maiigu.ii ate, 289 
manganite 212 
mungunnus litxai blonde, 369 
peiMafK^rmanganite, 278 
permanganate, 335 

b< xtthvdrate, 335 
p> ndmopojrnanganatf . 335 
tot i uinnnnoperinangamitc, 335 
tilth i upei muiiganite, 278 
iiiunatp, 64 
iiram l nitrate, 127 
( iMiim < hlorni Inmate, 479 
manganaLe, 287 
limncRiue alum, 430 

I lent at blonde, 379 
tetrasulphale, 130 

tetiaiosilrydratc, 430 
iiiunganouR di sulphate.', 421 
tetrachloride, 368 

dihydratc , 368 
trichloride, 366 
p< mianganute, 331 
pen henate, 476 
uianoua hexat blonde, 83 
urnii} l i hluiidc , 17 
di sulphate, 110 
sulphate, 17 
totnnhlniidt , 90 
trinitrate, 126 
f'alamme. 150 
( 'ult miangite, 1 19 
( 'ukiofernte, 529 
Talc iti', 267 
C'alt nun aut unit i 135 

r upjier mam 1 ( arbonate, 116 
dipuimangariiti . 277 
diuranute, 66 
lumip< rinangamtf , 277 
hoptnpcrniangaiute. 277 
hexantipvnnopt rmangnnate, 334 
manganato, 289 
manganese abo> , 205 
manganic feint |w rmangfmita, 280 
riiunganitomanganate, 290 
manganous » hi boimlt , 439 
i blonde, 368 
phosphate. 164 
(oliuhroiiudc 383 
pen taper man gamto, 277 
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Calcium permanganate, 334 
permanganate, 277 

- pennonouranate, 73 
peruranate, 73 

— - - sodium manganous ferrous phosphate, 
455 

- - tdtrauranyl tri carbonate, 1 16 
— — t riperm&ngamte, 277 

tritapcrmanganite, 277 

uranale, 63 

- - Tirana to vanadate, 69 

- - uranium hydroxydisulphotetraurAu- 

ate, 98 

- -rod, 98 

- - urauous diphosphate, 130 

hexachloride, 83 

- tiranyl di carbonate, 115 

- - decahydrato, 115 

n'osihydrale, 1 1 5 
dioxvtetraphoephate, 136 
hydro phosphate, 136 
— uihydrate, 136 

- - tot rail v drat e, 136 

trt hydrate, 136 
pent art uoruie, 79 
plu radiate, 18, 134 
sulphate, 1J0 
telidi arbunate, 115 
Calrouranite, 134 
Calvouigrite, 266 
Canbyito, 529 
Carbide, sorbitic, 847 
Carbon, 528 

- - annealing, 858 

combined, 860 
diffusion in iron, 738 

- hardening, 800 

- -iron alloys --«« Iron-carbon dllm 

-- — system, 796 

- - - - equilibrium, 796 

-oaygun-iron, 621 

— hydrogon sj’stem, 630 

- - solubility in iron, 80ft 
- tamper, 858 

Carburization, iron, 725 
Carrninite, 529 
Camotite, 4 
Caron’s cement, 737 
Corphobte, 149 
Carphosiderite. 52ft 
Cary ini ie, 149, 150 
Caryopilite, 149 
Case-hardening, 737 
Cashel's green, 289 
Caaf inm, 597, 708, 712 

- - - -alloy, 709 

black-heart, 709, 724 

- cliarcoal hearth, 709 
grey, 596, 708 

- malleable, 700 

- mottled, 596, 708 
refined, 709 

- white, 390, 708, 713 

- heart, 709, 724 

Castanito, 529 

Casting, temperature of, 721 
Caswelhto, 149 
Catalan forge, 582 
Cataphorite, 529 
Catarinite, 529 


Cement steel, 753 
Cementation, 736 

iron, 736 

steel, 736 

Cementite, 528* 797, 860 
. — - granular, 847 

- - - spheroidizing, 851 
Cement stahl, 753 
Ceric manganous nitrate, 446 
Ccrite, 6 

Cerium uranate, 64 

— uranite, 43 
- — dihydrate, 43 

(k*rous manganous nitrate, 445 

Cesarolite or G&arohte, 149, 267, 279 

Chalranthites, 403 

ChalcodiUi, 529 

Chalcolite, 2. 4, 133 

Chaleophamte. 149 

ChaJeopvrite, 529 

< 'lialeopyrrhotin, 529 

ChalcoHiriorite, 529 

Oialmorsite, 529 

Chahbite, 529 

Chalypile, 529 

ChaiiHMdtc, 529 

Chaux dt- manpanfae argeiitin, 266 
Chenevixite, 529 
Cbildrcmte, 149, 529 
Chill-cast pig-iron, 596 
Chmkolobwo, 52 
Chmkulobwitc, 4, 52 
Chlorine, 528 
Chlontoid, 529 

Chlornhypomafigamtcs, 378, 379 
Chloromanganites, 379 
Chlnroiimngauok elite, 149, 367 
Chloropal, 529 
Chlorupite, 529 
Chlorothorite, 52 
Chondransemte, 149 
Chondrites, 523 
Chondrulos, 523 
Christophite, 529 
( ’hroma iron ore, 529 

Chromic liexaearlmnudodu hrumatO[>errnuTi- 
ganate, 336 

hexacarbanudoperxiianganate, 330 
hexacarhamidosu Iphat o p e r m a n g a n- 
ate, 336 

- hexamminopermanganate, 336 

» hexantipyriuoficrraangnnatc, 336 
inanganir trisulphate, 431 
-- manganous sulphate*, 424 
Cliromite, 529 
Chromitite, 529 
Chromium, 528 

- - manganic trisulphatohydrosulphatc, 

431 

- - jmrmanganite, 280 

- steel, 752 

- - uranate, 64 
Cliromoferrite, 529 
Cinder notch, 590 
Cl ark cite, 4, 64 
Clay ironstone, 529 
Clementite, 529 
Cleveite, 60 

Cleveland ironstone, 529 
i Cliftonite 528 
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Ottaoohtor, 529 
CUnoplueite, 029 
Clintonito, 029 
Cobalt aut unite, 135 

hexopennangamte, 280 

manganito, 243 

nickel pyrites, 529 

ochra nigra, 206 

- — permanganito, 280 

perrhenate, 477 

-psilomelanee, 266 

terrea fuliginca, 260 

- — tetramminoporrhcnato, 477 
— — trihydrate. 477 

uranate, 64 

Cobalt ic copper inanganite, 243 

- hftxamminodibromop6rmaiiganate,330 

- - hexamminodichloropermangauate, 336 
hexamminopennanganate, 336 

- - manganese chloropentamminofiuonde, 

340 

potassium hexamminochlororiipcrnian- 

ganate, 336 

Cobaltous manganic jKmtafluoride, 346 

manganous cobaltimanganite, 243 

Cobaltum nigrum, 260 
Cockscomb pyrites, 529 
Codazzite, 520 
Cohcrnte, 528, 529 
Coke, 585 

Cold-Working steel, 070 
Colours, temper 696 
Columbite, 6, 529 

tantalite, 149 

Copiapite, 529 

Copper ammiiiopornruinganate, 332 
aut unite. 135 

calcium uranyl carbonate, 1 1 6 
cobaltir manganito, 243 

- (bhydroxymangHnatc, 288 
homienneapermanganite, 276 

hemimanganite, 242 

- manganat.fi. 288 

-manganic alloys, 200 

— -silicon alloys, 204 

- — sulphide, 397 
mangamte, 242 

— . - manganous disulphale, 421 

dihydrate, 421 

monohydrale, 421 

- - oxysulphate, 422 
pennanganile, 276 

. - trioxydichlorido, 368 

tetrahydrate, 368 

- — trihydrate, 368 

— - trioxynitrate, 445 

permanganate, 331 

perrhenate, 477 

- - - - — hemihydrate, 477 

— — pentahydrate, 477 

- tetrahydrate, 477 

peruranate, 73 

-psilomelanes, 266 

- pyridinopermanganatc 332 
- - pyrites, 529 

- -Bilicon-manganesc alloys, 215 
silver-manganese alloys, 205 

- . — sulphides, 397 

tetramminoperrhenate, 477 

totrapermanganite, 276 


Copper tetraperroanganite hydrate, 270 

tritamanganile, 242 

uranate, 63 

uranite, 43 

- — uranium alloys, 38 
uranyl phosphate, 133 

sulphate, 110 

-zinc-manganese alloys, 207 
Copperas, 529 
Coquimbite, 529 
Coracite, 4, 52 
Corkite, 529 
Coronaditc, 279, 520 
Corondite, 149 
Corsican furnace, 582 
Corundaphilite, 529 
Cossyrito, 529 
Orednorite, 149, 242 
Crichtonitc, 529 
Crocidolite, 529 
Cronstedtite, 529 
Crossite, 529 
Crucible steel, 763 
Cryptosiderites, 523 
Crystallization, iron, 875 

carbon alloys, 875 

- - synchronous figures, 890 
Crystals, allotrimorphic, 876 
boundaries, 899 

— grain-size, 903 

idiornorphic, 876 

skeleton, 886 

Cubsmte, 529 

Cube one, 529 

Cupric manganous chloride, 368 
( ’uproaut unite, 4 
Cuprouranite, 2, 4, 133 
Cuprous manganous chloride, 368 
Curite, 4, 08 
Cyrtolite, 4 


D 

Damascene, 853 
Damascus steel, 853 
Dunalito, 149 
Dannemorito, 149 
Daphnite, 529 
Dauberite, 106 
DaubrAelito, 528, 529 
Davidite, 6 

Dccarburization of iron, 725 

Degelstahl, 710 

Delafoggite, 529 

Delegsito, 529 

Delorenzite, 0 

Dendrite, 267, 885 

Denfcrite, 149 

Derbylito, 529 

Destinezite, 529 

Dewindtite, 4, 136 

Diadocliitfi, 529 

Diallogite, 432 

Dialogic, 432 

Diamonds, 859 

Dirkinsonite, 149, 455 

Didymium permanganate, 335 

Diotrichite, 149, 529 

Diffusion of carbon in iron, 736 



INDEX 


Dfrofig&etite, 829 

Bfaianganeae potaaauini oxyoetofluoridc, 

347 

Dunothylamraonium uranyl Mrao h’uridr, 

89 

Diphoaphatomangarue acid, 461 
Direct metal, 709 
— — -process iron, 6,15 
Dhinnia acid, 58 

Diuranyl ammonium pentacarbonate, 1 14 

sulphate, 1 7 

- — trimilphate, 108 

— barium dicarbonate, 116 

— octohydrate, 116 

• pentahydrate, 116 

hydroxylamine tri snip hate, 108 

— - lead phosphate, 136 

— — * potassium cnneaOuoride, 79 

— — - - heptaftuoridc, 79 

- — trisulphatc* 1 10 

— - strontium dicarbonate, 1 16 
Doubling Ar r arroat 854 
Douglasite, 529 

Dufruiute. 529 
Dumnntitc, 4 
Durdemto. 620 
PyahiHe, 149 

K 

Earthy manganose oclirc, 267 

Ebelincnite, 266 

Ebtgiic, 4 

Edemte, 149 

Eisen gofeintes, 769 

Kisenpechcrz, 1 

Ekmanite, 529 

Ekonorite, 529 

Electric smalt mg iron, 598 

steal furnaces, 856 

Ebonite, 4, 52 

Ellsworthite, 6 

Emmonsit-e, 529 

Enophite, 529 

Eonphoritc, 149, 455, 529 

Epiehlonto, 529 

Rpigenito, 629 

Epiphanitc, 529 

Epongc nwHalliijuc, 767 

Enibescite, 529 

Krylhmsidente, 529 

Eschewegile, 0 

Eameraldaitc, 529 

Ethylonune uranyl phosphate, 192 

Elhyfonedianiuie uranyl chloride. 89 

Hi Bii Ip hate, 109 

— nitrate, 126 

Eukampite, 529 
Euralite, 529 
Euxenite, 4 
Expoliation, 747 

F 

Fairfieklitc, 149, 454 
Faunerito, 149, 422 
Kayalite, 629 
Fcr aoude, 709 
Ferberite, 629 
Fergusonite, 4 


Femalkiphotio, 529 
Fettic dodcc&niangtmite, 2H9 

- * manganic tetruphwphaw?, 403 

- — per/nanganitc, 280 

- - - uranate, 64 
Ferri&yinphwiU , 829 
Ferrite, 776, 797, 863 

- a*, 776 

- P-, 776 
V-> 776 

- B-, 776 

Fcrniungstitc, 529 
Ferro-alloys, 7 1 1 

- - fucinato, 709 

- saldato, 709 
Ferromanganese, 19 4 
Fernmatritc, 529 
Forropnllidite, 529 
Fcrrorhnihuiile, 149 
Forrontihian, 149 
Kcrrotelluritc. 529 
Ferrous ponnanganitc, 280 

hodmm call mm manganous phosphate, 
, 436 

l Ferro v amt c, 329 
Fcrnigmous nmngmu sc on s, 150 
Ferniin fiimerahsatiini 140 

mgriian* splendent* uolstcrsdoifi. 140 
redu< turn, 758 
Fi tthng, 037 
, Fihrofcintc, 529 
Fillowitc, J49, 455 
Flajolnlitc, 629 
Flat It*, 745 
Flmkite, 119 
Flo* lin* s, 80S 
' FliiohypuitmngdiiiO ,‘112 
Flurmiunganites, 342, 347 
, Fluonaicmc aim iruin 19 
Fluonto, 1 49 
Fluorspar, 6 
Fluthcnte, 5 
Konte, 70h 

hlaiu he, 70S 
Oil guctiso, 70S 
r'puM', 70'* 
griHC, 70H 
malleable, 709 
iiiu/ac, 709 
trmtee, 70S 
Fossil red ore, 530 
Fostente, 529 
j Fouehenle, 529 
Foundry iron, 5 f l7 
I Founnanentc, 67 
FoiUhniarientc, 5 
I Fowlerito, 149 
Franklinitc, 149, 529 
I Priabilif* magnesia tcrrifornns, 267 
' Fnedelifce, 149 
Fritzchuite, 5 
, Furnace, blast, 584 
| - Catalan, 582 

! - Corsican, 582 


(ladolimlc, 529 

(Gadolinium manganous nitrate, 446 
(Jamsigraditc, 149 
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GanomaUte, 149 
Ganomatite, 929 
Ganophyllite, 149, 150 
GarwiKaumgraplut^, 859 
Gastaldite, 529 
Oeikiehte, 529 
Ohm. 709 
— - afftmta, 709 

— - bianra, 709 

— gritfia, 70b 
— trotata, 708 
GiUmipita, 529 
Gillingite, 529 
Gilpinito, 5, l()0 
(holittrs eement, 737 
Gjutjem, 708 
OjutHtahl, 7 1 1 
Glanzuianganer/, 238 
Glass, 19 
Glauehrodr, 140 

( JlauoodoU 52 m 
G lauconite. 520 

Glaueophane, 520 
( .loekorite 530 
Gluhoi), 073 
GoethiU , 53(1 

Gold manganese alloys, 205 
inanganchiib t 205 

— liennangamb , 277 
Graft unite, 454, 530 
Grahamito. 523 

Girtm giouth, 903 
bi/o, 003 
Giaiiienite, 5,30 
Graphite, 859 

in non (stool). 800 
separation, 800 
spheroidizalinn, 725 
Huijori onlod, S02 
Gr&phitmitmn, 714 
Graphtnmto, 149 
Graubraunstein, 238 
Graubraunstumor/, 238 
Graunianganorz, 2,18 243 
Greunovite, 141, 119 
OrengoHito, 5,30 
Grey pig-iron, 600 
Griphitc, 455 
Groroilite, 149, 207 
G runontft, 530 

Guanidine manganous dimilplmtp, 110 
salt, 401 

- - - uranyl diaiilplmte, 100 
Gudmundito, 149. 530 
Gummite, 5. 52 
OufjfteiRon, 70S 

Bchmied bares, 700 

Gusfwtahl, 71 1 


11 

Haematites, 1.39, 530 
HKirmtophamta, 530 
llarten, 675 

HartungskohleiiRtoff, 800 
Hagatalitc, 0 
H&luboliie, 149 
Halotrichite, 530 
Hammer Blag, 037 


| Ham ockiio, 1 19 
Hardening, 075 
I theories of, 0S2 

allot romp, 682 
amorphouH state, 083 
taibo allotropir, 081 
I cai bon, 084 

- dihtoitpil lattin , 088 
j fine grained, 087 

into tram. 685 
slip inti Hon nee, 085 
I solid solution, 084 

stress, 080 

I MihraihuU , 084 

llrtrdrmlt , 8 10 

iTur-digite, 140 
Hart briu Hint i in, 230 
I H irlnianu m hm rt‘*8 
I Hastiugsito, 5.30 
Hat i lie ttoliti , 3 
Hnuente, 140 PH 
Haiisiiiaiinilt , 140, 231 
Haul fnuineau, 585 
Hr at treatment ti7 \ 

Jit ilenlx'rgite, 530 
He llandite NO 
Heh Pi, 149 
H< i nub hi lie 140 
HfRiatnlito, 149 
Hnnutostibntr , 140 
Hi vc vriilc , 530 
1 Helm lolito, HO, 212 
lb inmti 242 
Hr n roklinc, 210 
lletnosite, 40 1 530 
Hftnpa/otc 510 

I Ii iisJi i s allo\ s, 1 0 1 211 
H< vagonili , 1 to 

Hi \nln dim s, 52S 

Hi Mismlium mungunuus tctiusulphutc, 410 

Ht\mU.842 

Hielvmte, 140 

lliiiilxx is pal, 1 52 

Hismgente, 530 

II |i linite, 0 
Hot hoft n, 5 S3 
Hocferile, 530 
Hollanditi, 140 270, 130 
Hobnquntitc , 530 
Holosirlu ites, 5*2 i 
Homifiti 530 
Hornblende , 149 
Horse flesh ore, 530 
Horlonolitf , 149 

Hot metal. 709 

w oiking steel, 67(1 
i Hudaonitc, 5.30 
| Hubnente, 149 
lluclvite, 4.33 
Hmoaulite, 140, 448, 452 
.Utrsnlt, 530 

IHdiated lead mnngamte, 242 
Hydrazine manganouH disulpbati ,410 
pent at blonde, 305 
pent mini unto. OS 
iirunito 43 

uimmiin huliowdi ulphoti ti annul- 
ate, 98 

- Iivdrow In diodisiilphntetmuran 
Hie, 98 



m 


INDEX 


Hydrazine unuunm^red, 98 
— — uranyl tetrachloride, 90 
Hydrogen-oxygen-~iron--carbon system, 830 

system, 619 

Hydrogoetlnto, 530 
Hydroh fimati te, 530 
Hydrorhodomto, 149 
Hydrotroilite, 530 

Hydroxylanune cLurnminouranate, 62 
diuranyl trisulphate, 108 

— - manganous dichlonde, 365 
— potassium hydrourunate, 62 

- sodium hydrouranate, 62 

uranate, 62 

nronate, 61 

monoh\ drato. Hi 
- uranyl tetrachloride, fK) 
peroutec hi iron (steel), 799 
Hjpocuter tu iron (steel), 799 
Hypoitianganoub at id, 225 
Hystatite, 630 


I 

laiithmite, 3, C>0 
Tdioinorphu crjstalh, 876 
llilcito, 530 
Ilositc, 119 
llmemte, 530 
llmonorutile, 530 
llvftite, 149, 530 
Indium uranate, 64 
Inesite, 149 
Ingot iron, 710 

metal, 710 

steel, 710 

Into! crystalline cement, 899 
Ionte, 530 
Iron, 482, 530 

- a , 776 
P , 776 

y , 776 
6 , 776 

acetonosol, 770 
aerosol*, 769 

alcwhulsols, 770 • 

all of ropes, 776, 776 

- amorphous, 898 1 

armco, 656, 757 I 

- benzene sols, 770 
bloomary, 709 

- bromonaphthalene sol, 770 
bushelled, 709 

carbon allovH, constituents in, 819 
crystallization, 875 

- system, 796 

- — equilibrium, 796 

- carburization, 725 
- -cast, 708 

malleable, 724 

American, 724 

European, 724 

- Reaumur’s, 724 
castings, 708 
cementation, 736 
charcoal, 708 


! Iron, critical point A., 777, 811 
- - A*, 779, Bll 
A„ 781, 811 
- temperatures, 776 
crystallization, 875 
cycle, 547 

decarbunzatiuti, 725 
direct-process, 635 
electrodeposited, 700 
etbersol, 770 
• extraction, 660 

glance, 530 

| glycerol sol, 770 

history, 482 
hydrosol, 769 
ingot, 710 

knobblad charcoal, 709 
mangaruferous ores, 150 
imr restructure, 791 
minors, 769 
naphthalene mil, 770 
numom laturo, 707 
Norn , 499 
occurrence, 620 
nlmne, 530 
ores, 150 

electric smelting 698 
oxides, i eduction, 61 8 
gen c arbon, 621 

irvdiogcn K\wtem, 6 Jo 
Indmgen mvbU in, M<| 
pig , 596 

chill cast, 696 
grt v , 596 
mac tunc cast, 596 
mottled, 596 
sand cast, 596 
white, >96 
psilomclanes. 266 
purified, 767 
pvntos, 530 
pvrophouc , 768 
rate of sohditic at ion, 721 
ttcvthian, 199 
sinter, 530 
spnng> , 635, 767 
Swedish, 708 
Hvnthclic, 635 
thin filaments, 769 
tourmaline , 530 
uranate, 64 
white pyrites, 531 
wrought, 634, 709 

J 

lacohsite, 149 
Jannsito, 530 
Jarositc, 530 
JefFerwomte, 149 
Johann ite, 5, 106 
Jollyite, 530 
Josophinite, 530 
Judaitr, HO 


— Cleveland, 708 I K 

— colloidal, 709 | Kakcxhlor, 206 

critical point A *, 812 1 Kakoxen, 530 

— - Aj, 811 l Kamacite, 528 
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Kamaaite, 580 
Kand&e, 140 
Raaoiite, 5 

Kempito, 149, 357, 378 
Kentrolite, 149 
Keramohalite, 149, 424 
Kibdelophane, 530 
Kidney ore, 530 
Kirk narduban, 853 
Kish, 500, 859 
Klaprothium, 1 
Knebelifce, 149 
Knebetite, 530 
Kochelite, 6 
Kolra, 6 
Koninckite, 530 
Komelite, 530 
Kraurite, 530 
Kraus ite, 530 
Krevnemito, 530 
Kreuzbergite, 530 
Kutnohoritc, 149, 433 


L 

Lacroimte, 433 
Lagan ite, 530 
Lake ore, 530 
Lambert ite, 5, 00 
Lampadite, 149, 20G 
Lamprophvlhte, 149 
Landesite, 149, 455 
Langbanite, 149 

Lanthanum manganous nitrate, 445 

— permanganate, 335 
Lapis niagnes, 1 39 

lnauganensiu, 140 

Laterite, 530 
Lauaenite, 530 
Lavenite, 149, 530 
J^iwreneite, 528, 530 
Lazulite, 530 

Load alloys, 217 
- autunite, 135 
diuranate, 07 

diuranyl phosphate, 136 

- ennoauranate, 68 

- — manganate, 289 

- - manganite, Jiydrated. 242 
manganous chlnrido, 370 

sulphide, 397 

tetrasulphido, 397 

- - - ponfeepermongani te, 279 
— ■ — pentauranite, 68 

|ierinanganate, 336 

permangunile, 279 

totrapermanganite, 279 

tetra uranate, 67 

tnperrnanganite, 279 
-- - triuranate, 67 
— uranate, 64 
• - - uranyl penta fluoride, 79 
Ledcburite, 800, 863 
Lehnorite, 530 
Lepidocrocite, 530 
Lepidopharite, 149 
Jjnpidophoaite, 266, 276 
Leptonematite, 236, 266 
Leucomanganite, 149, 454 
Leucophoanicito, 149 
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Leucopyrite, 530 
Lichtea uranpecherz, 02 
Liebigite, 5, 115 
Lievrite, 530 

lTignes de gliaaement, 895 
Lillite, 530 

Lime*psilomelanos, 266 
— - -uranite, 134 
Limestone, 151 
Lmuiite, 530 
Limonite, 530 
Liskeardite, 530 
Lithia-pailomelanea, 266 
Lithion-pailomelane, 266 
Lithiophilite, 149, 453 
Lithiophorite, 206 

Lithium dihydromanganidiorthophciBphate, 

_ pentahydrate, 461 

trihydrate, 461 

- manganate, 288 

manganitonianganate, 290 

- manganous phospliate, 453 

trichloride, 366 

- - perdiuranate, 72 

permanganate, 302 

poruranate, 72 

— Bulpliates, 416 

- uranate, 62 

- - uranium pyrophosphate, 132 

uranous hexachloride, 82 
— uranyl disulpliate, 109 

hexafluoride, 79 

nitrate, 126 

— phosphate, 132 

pyrophosphate, 132 

Lithobidentes, 523 

Lodes! onu, 530 

Lt’illingite. 530 

J cooking' glass on-, 530 

Loseyite, 149, 439 

Losseiute, 530 

Lubcckite, 243 

Luckite, 149 

Ludlatmte, 530 

Ludwigite, 530 

Luder h lines, 898 

Luteorobaltir permanganate, 336 

Lyndochitc, 6 

M 

Machine cast pig- 11011 , 396 
Muckensite, 530 
Mackintoahite, 5 
MagaUea sitiens, 140 
Maghemite, 530 
Magne, 140 
Magnos, 139 
Magnesia, !40 

- — alba, 140 

friabilis terruoirms, 267 

indurate, 265 

nigra, 140 

- — solida, 140 

- — - squamosa, 1 40 

- atnata, 140 
tcssulate, 140 
vitriariorum, 140 

Magncsie, 140 

3 o 
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Magnesium* 141 

*35 

‘ manganous sulphate*, 4*3 

«nMter 133 
diuranat*, 06 
hauamamiite, 343 
• hemiheptaperma^ 376 

— +man§mmm alloy, 306 

— — - 4Mnium illo^, 215 

— nitrate, 445 

— manganite, 242 

— manganous aluminium sulphate, 424 
chloride, 308 

dipermangamte, 278 


bexabroimde, 883 

hexarhlondo, 309 

sulphates, 422 

permanganate, 334 

tetrahydrato, 3.35 

permangamte, 276 

- ]>ota*sium manganous sulphate*;, 423 
rogulinum, 141 

-- tetrajiermangamte, 276 
- — uranate, 03 
uranium alloys, 38 

— uraryvi disulphate, 110 

sulphate, 1 7 

- nnc manganous sulphate, 423 
Magneso manganaus alum, 424 
Magnetic alloys, 194 

- — pyrites, 530 
Mugnotite, 530 
Magnetofomte, 630 

M ague toplumbite , 630 
Magmtes, 139 
Magnofprnte, 630 
Maitlaiulite. 5 
Majorana effef I, 093 
Mallaiditc, 119, 403 
Mangan grossulante 149 

- \eau\iamte, 140 
Manganaiat c ribtalliMoe 238 

gns, 140 

Manganandalusite, 1 10 
Manganapatitc, 140 
Mangan&tcs, 281 
Mangsnbiende, 387 
Manganbrut ito, 1*0, 2 25 
Monganchlont* , 149 
Mangandiaspnro, 140 
Mangandolormta, 140 
Manganerz Kupforlialtig* r, 241 

schwarz, 231 

Manganese, 139 140, 141 
allotropes, 109 
alloys, 200, 210, 217, 218 
aluminium allnys, 208 
amalgam, 208 

ammonium ox> tri fluoride, 347 
analytical fractions, 189 
apatite, 449 

aquoamrnmodifluoride, 343 
aquoheimamnunoditiuonde, 741 
aquopentarnrninodi fluoride, 343 
argentm, 234 
atomic disruption, 199 
number, 199 

- — autunite, 135 

- — bromides, 381 


c, 450 

1M 

* co Mot* tlbjfii 805 

— eaitomote* 462 

- - chloride*, higher, 974 
— ■ ohlorofttaorlde, 94$ 

chlorophosphatc, 449 

- oobaltw chloropantamminofluoridH, 

~ colloidal, 167 
— - -copper alloys, 200 

- — — .silicon allovs, 204 

- - sulphide, 397 

- * dibromid*. 381 


- - - hexahydrota, 381 

monohydrate, 381 
tetrahydrate, 38 1 
du blonde, 348 
- - dihydrate, 350 
hexahydratr, 349 
prntabydraU% 3.61 
tetrahydrate, 3 >0 
tritapentaJmliatc 151 
di< hiorotripeniuingunit>4 , 157 
diduondc, 342 

t< trahydraU , 142 
di iodide, 384 

ennoahy draft* .16 4 
liHxnhvdratf , 384 
tetrahedral, IH4 
dioMdt , 245 

— hvdiat' d, 259 


colloidal 201 
disulphide , 4 1 1 
dibulphldi, 198 
dvci , 405 
turth\ oc hn , 207 
i ktt , 40.5 

<lo<troiii< strut tun 100 


ennertuxydu hlund* , 379 
ennea/int ldt , 200 
ferruginous ores, 150 
fluencies, 342 
gold allo> s, 205 
green, 289 

heiuipontamercundc, 208 
hemitnoxide hydrated, 238 
hoptaehlonde, 380 
hnptanncide, 200 

— heptuxide, 282 

— huxazineide, 200 

— - hexoxydiohlortde, 379 

hurrnte, 149 
hydrocarbonate, 43H 
hydrocbsulphate, 411 
liydrotatrasulphate, 4)1 

— hydroxide colloidal, 220 

intermotallic compounds, 2(6) 

iodides, 384 

— isotopes, 1 99 

— magnesium alloy, 200 

-aluminium alloys, 216 

nitrate, 445 

— - mirrors, 107 

.molybdenum alloys, 217 

monosulphide, 387 

— - monoxide, 22u 

— nitrates, 441 
occurrence, 143 

~ ochre, 236, 207 
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MftilgwiWio oraif ISO 
-* prismatic, 298 

- priamatoidal, 298 

- oxides, HI 

- — red, m 

— oxychloride, 957, 379- 
Manganese oxyde argentin, 200 

*. carbonate, 492 

, - — mOtalloIde, 238 

Manganese oxydichlonde, 957 
oxydihydroxide, 259 

— 1 — oxydiaulphate, 410 

oxysulpliato, 431 

oxysulphide, 300 

permangamtes, 280 

— - physiological action, 191 
potassium cinder arhlnndc, 379 

— hoxfuhlondo, 380 

- - hexafluoride, 347 

octofluonde, 347 

— — oxytetrafluonde, 347 

— preparation 101 

- properties, rh< lineal, IK'S 

- - physical, 108 
pyutrs, 398 
-silver allots 204 

aluminium allots, 217 

spar, 432 

stiols, 191, 75 2 
hulplmteh, higher, 427 
sulphides, 387, 397 
ti trabromidr, 3 S3 
Utraihlorule, 371 
tetrad uondc , 342, 346 
totramdidc, 38b 
totrajH imauganite, 270 
totrasulpliati , 131 
tetroxide, 282 
thallium alloy, 215 
tnbiomide, 783 

— trichloride, 374 
tnfluondo, 312, 344 

— — triiodide, 38b 

— trioxide, 281, 282 

— - tnoxychloride, 380 
tnoxy die blonde, 379 

trioxyfluoiido, 347 
tntatetrasulphato, 307 

— tntatetroxide, 231, 243 

— ti izincide, 20b 

- uranium alloys, 218 

uses, 194 

yitnol, 403 
wagnonte, 449 

-zinc alloys, 200 

— hydrocarbonate, 439 

Mniigauesia, 140 
Manganhedenborgitc, 149, 530 
Manganic acid, 281 
aluminium trisulpliato, 430 

— - alums, 427 

- ammonium alum, 429 
— tetrai osihydrate, 420 

pentac blonde, 378 
pentafluorule, 345 
perphosphote, 463 
pyrophosphate, 402 
- tnhydrate, 402 
— totrasulphate, 429 
anhydrous alum, 429 


Manganic barium pyrophosphate, 

cesium atom, 490 

- pentachloride, 979 
- totrasulphate, 490 

- - - - — tetracosihydrate, 490 

- * calcium feme permanganrte, 290 
— — chromium trisulphate, 431 

trisulphatohydroeulphate, 431 

cobaltous pentafluonde, 846 

- - - dihydrotetrasulphate, 429 

- - ferric tetraphosphate, 469 

- fluonde, 342, 344 

hydrated, 944 

homitrioxide, 236 
hexoxydichlonde, 378 
hydropyrophosphate, 4A2 
metaphosphate, 463 

hydrate, 463 

nickel pentafluori de, 346 
nitrate, 44b 
orthophosphate, 460 
oxide, 236 

- colloidal, 239 

- hydrated, 238 

- organosol, 237 
phosphates, 460 
potassium alum, 430 

tctracosihydrate, 430 

henicosisulphate, 431 
pentarhlonde, 370 
fwntafiuondo, 345 

- pyrophosphate, 4b2 

— - pentahvdrat< , 4G3 
tnliydrate, 463 

— totrasulphate, 430 
pyridine pentac hlondr, 379 

- pyiophospliate, 401 

ottohydrate, 4b 1 
tf tiadoc ahydrate, 462 
quinoline pentachloride, 379 
rubidium alum, 430 

pentarhlonde, 379 
totrasulphate, 430 

tetracosihydrate, 430 

silver pentofluonde, 340 
p> rophosphate, 463 
sodium ]>entaftuondo, 345 
pyrophosphate, 462 

— sulphate, 428 

— thallous alum, 430 

- - pentarhlonde, 370 

pentftfluondo, 346 

— — tetrasulphate, 430 

tetrai osihydrate, 430 

- tnhydrcNcliorthophoHpliate, 4b 1 

- zmr pentafluonde, 340 
Manganidiorthophosphoin arid, 4bl 
Manyaniferous iron ores, 150 

silver ores, 150 
zinc ores, 151 
Mangamge Saune, 275 
Manganimanganaten, 290 
Mangamte, 149, 238 
Manganites, 241 
Mangamtomangauatrs, 290 
Manganivoltaite, 430 
Mangankies, 398 
Manganocalcitr, 149, 150, 437 
Manganoeolumbite manganntantahte, 149 
Manganodolonute, 432 
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Mang&noferrite, 140 
Manganolangboinite, 140, 400 
Manganomagnetite, 140 
Manganopectolite, 140 
Manganophyllite, 149 
Manganosic oxide, 231 
hydrated, 234 

- sulphate, 423 
sulphide, 397 

thallous trideeafluoridc, 340 

Manganosiderite, 149, 433 
Manganosite, 140, 220 
ManganoapineJ, 279 
Manganostibiite, 140 
Manganous acid, 225, 248, 274 
alum, 423 

- — aluminium bromide, 383 

- - chloride, 370 

phosphate, 455 

- — sulphate, 423 

sulphide, 397 

ammonium beryllium fluosulphate, 422 

- carbonate, 439 

dimetaphosphate, 458 

disulphate, 414 

- — - fluonde, 344 

- heptachlonde, 364 

- - - hexachlondo, 364 

hoxaiiuninotetrachlonde, 365 

- - — hydroxylaminoohlondes, 365 
— magnesium sulphates, 423 

oxytnsulphate, 415 

— phosphate. 452 

■ — - hop tahy d rate, 453 

sodium pyrophosphate, 457 

tetrabroniide, 383 

— - tetrachloride, 364 

dihydrate, 364 

monohydra le, 364 

tetrammmotridecachlnridp, 364 

- - - - - trichloride, 363 

- trisulphate, 415 

zinc Bulphate, 423 

aquopentamminosulphate, 412 

— auric octoohloride, 368 

dodecahydrate, 308 

barium chloride, 368 

beryllium sulphates, 422 

- bismuth nitrate, 446 

- boroheptachloride, 360 
borophosphate, 451 

— - bromide, 381 
bromostannate, 383 

bromotnorthophosphatc, 450 

cadmium hexachloride, 309 

oesiuin di sulphate, 421 

tetrachloride, 368 

— dihydrate, 868 

trichloride, 368 

— - calcium carbonate, 439 

chloride, 068 

phosphate, 454 

— tetraoromide, 383 

carbonate, hydrated, 433 

— oenc nitrate, 446 

— cerous nitrate, 445 
chloride, 348 

chlorostannate, 370 

chlorotriorthophosphate, 449 

chromic sulphate, 424 


Manganous oobaltous cobaltimanganite, 043 

copper disulphate, 421 

dihydrato, 421 

monohydrate, 421 

oxysulphate, 422 

— - permanganite, 270 

trioxydichlonde, 368 

tetrahydrate, 368 

trihydrate, 368 

trioxynitrate, 445 

cupric chloride, 368 

cuprous chloride, 388 

deeametaphosphate, 469 

— - dec&mimnobromide, 383 
• decamminochlorido, 359 

diamnunobroiziide, 382 

- diainimnochlonde, 350 

— diamiTunoiodide, 386 
diammmoaulphate, 412 

— - dihydrazinorhlonde, 359 

dihydrazinnmtrate, 444 

— dihj drazinosulphatc, 412 
dihydrophosphate, 461 
diliydropyrophosphat* , 456 
dihydrotetraorthophosphatc, 451, 452 

pentahydrate. 452 
dihvdi oxy laminochloride, 350 
dnodortochlondn, 35R 
djinetaphosphnU’. 457 

— tetrahydrate, 457 

— diplienylhydrazinoHiilphaU*, 414 
dipyndinochlonde, 361 

dodccamminpchlonde, 359 

— onneunimmonitratc, 444 

- ethylenedianunosulphatc, 414 
fluoride, 342 

- tetrahydrate, 342 

— gadolinium nitrate, 446 
guanidine dmulphate, 416 

— heuutnliydroxylaminoohlondc, 300 
heptahydrotnorthophosphate, 452 

- hoxahydrotetrasulphatc, 411 
hexahydroxy sulphide, 396 
hexametaphosphate, 450 
hexamrainobroraide, 382 
hexamminochlonde, 359 
hcxamminoiodide, 386 
hexarnminusulphatc, 412 
hoxan tipyi inoborofluoride, 343 
hcxasodium tetraaulphate, 416 

— - hydrazine disulphatc, 416 

-- pentachlondo, 365 

hydrophosphate, 450 

hydroBulphato, 411 

— - hydroxide, 220, 225 

hydroxylamino diohlonde, 360 

hydroxylaminosulpliatc, 412 

— — hypomanganite, 231 
iodide, 384 

lanthanum nitrate, 445 

lead chloride, 370 

sulphide, 397 

tetrasulphide, 397 

lithium phosphate, 453 

— trichloride, 366 

— - magnesium aluminium sulphate, 424 

chloride, 388 
di permanganite, 278 
hexabromide, 383 

— hexachlonde, 369 
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Manganous magnesium sulphates, 422 

— * «inc sulphate, 423 

mangaaates, 268, 290 

- * — manganite, 243, 267 

mercuric bromide, 383 

hexachloride, 370 

- — - hexaiodide, 386 

■ ■ - iodide, 386 

oxynitrste, 445 

n - - diliydrate, 445 

' - - tetrahydrate, 445 

trihydrate, 445 

— tetrachloride, 370 

monamminobromide, 382 
monamminuehloride, 369 
monamminosulphate, 4 1 2 

- - - neodymium nitrate, 440 
nitrate, 441 

- onncaliyd rate, 441 

- — • — honu hydrate, 44] 

■ hexahydrate, 441 

- monohydrate, 441 

- -- pent ah yd rate, 441 
trihydrate, 441 

— orthomauganitc, 231 

— orthophosphate, 447 

- licmihcptahydrate, 448 

heptahydrate, 447 

- monohydrate, 447 

- — - pentahydrate, 447, 448 

- trihydrate, 448 

- oxide, 220 

- - - hydrated, 225 

- • oxycorbonate, 439 
oxyiodide, 385 

- - - oxynitrate, 444 
pentahydroheptafluondc. 343 

- - permanganates, 268, 336 

phosphates, 447 

potassium bromide, 383 

— carbonate, 436 

dimetaphosph&te, 45K 

disulphate, 418 

dihydrate, 418 

— hexahydratc, 419 

. — tetrahydrate, 41U 

- — fluoride, 343 

- hexachloride, 367 

hexamminotriehloride, 366 

magnesium sulphates, 423 

oxytrisulphate, 420 

- phosphate, 464 

pyrophosphate, 457 

- - - - - octohydrate, 457 

tetrachloride, 367 

- — tetrasulphide, 397 

trichloride, 366 

— dihydrated, 366 

trihydrodiphosphate, 454 

tripyrophosphate, 457 

trisulphate, 420 

trisulphide, 397 

sine sulphate, 423 

praseodymium nitrate, 440 

pyrophosphate, 456 

enneahydrate, 456 

- trihydrate, 456 

rubidium disulphate, 420 

diliydrate, 42 ' 

hexahydrate, 420 


Manganous rubidium tetrachloride, 367 

dihydrate, 368 

trisulphate, 420 

samarium nitrate, 446 

sodium calcium ferrous phosphate, 455 

— chloride, 366 

— dihydrodiphosphate, 454 

— - dimetaphospbate, 458 

- - diorthophosphate, 454 

onneadecasulphate, 417 

- fluoride, 344 

- heptaaulphirie, 396 
hexachloride, 367 

- ort nmetaphosplmtc . 459 

- oxytrisulphate, 418 
pentftpyrophosphate, 457 
phnRphuto, 454 

- pyrophosphate, 456 

— - - - 1 icmieni loahyd rate , 456 

tetrahydrate, 466 

-- - sulphate, 4)6 

— -- — - dihydrate, 416 

tetrahydrate, 416 

telrasulphate, 418 

— - - -- -- dihydrate, 418 

— - tetrasulphide, 306 

tribromide, 383 

— - trimct&phonphate, 458 

— - triphosphate, 459 

— — - — trisulphide, 397 

stannic chloride, 370 
liexabromide, 383 

— - - stannous chloride, 370 

— - strontium chloride, 368 

— - tetrabromides, 383 

sulphate, 401, 416 

— — dihydrate, 402 

hoptahydrate, 403 
- hexahydratc, 403 

— - monohydrate, 402 

pentahydrate, 403 

— - - tetrahydrate, 403 

sulphide, 387 

— - - colloidal, 392 

— - - green, 389 

— red, 389 

tetrametaphosphate. 458 

decahydiate, 458 

tetramminosulphato, 411 

(balin' octoc blonde, 370 

t halloas disulpliate, 424 

— hexahydrate, 424 

thorium nitrate, 446 
trihydra 7 i nochloride, 359 
trimetnphosphnte, 458 

— - — enneahydrate, 458 

henahydrate, 458 

tritadiammi nofluoride, 343 

uranate, 64 

yttrium nitrates, 446 

zinc chloride, 369 

— sulphates, 423 

— sulphide, 397 

Manganovolaite, 420 
Manganschaum, 267 
Manganspat, 432 
Marcasite, 530 
Marceline, 236 
Morgan te, 530 
Marjatskito, 1 40 
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Marrnatite, 5311 
Martensite, 822 

— - a- f 835 

- a'-, 838 
fa 835 

— V-. 841 

— - r-, 841 

— - 841 

8-, 842 

Martensitixing, 073 
M&rtite, 530 
Masonite, 149 
Masrite, 530 
Masurium, 465 
electronic ntrurturo, 472 

isolation o I, 467 

occurrence, 460 

properties ( hemic &1, 471 

plusual, 400 

Mazapilite. 530 
Medjiriite, 5, 11(1 
Ifogal&ise, 140 
Melannlite, 530 
Melanotokito, 530 
Mclantentes, 403, 530 
Melmkowite, 530 
Monaccanitc, 530 
Mendeltaffite, 5 

Mercuric henajiermanganite, 270 

manganous bromide, 383 

hexat hlonde, 370 

— hexaiodide, 380 

— iodide, 386 
oxvnitrate, 445 

- dihvlrate, 44“> 

— tetrah>drate, 44 7 

- trihydrate, 445 
tetrachloride, 370 

perrhenate, 477 

uranate. 64 

Mercurous manganate, 289 
Mercury netopermangamte 270 

— uranium alloys 38 

uranj 1 nitrate, 127 

Mesitite, 530 
Mesoaidorite, 523 
Meta aut unite, 135 

— - uranot ire ite, 136 
Mctachroite 630 
Met alio defosfor&to, 709 
Metallograph>, 791 

— etching, 791 

- electrolytic , 794 
polish, 7111 

— heat relief, 791 

— tinting, 791 

polish attac k, 791 

etching. 791 

Metatorbernite I, 134 

-II, 134 

Metavauxite, 550 
Metavoltine, 530 
Meteonc iron, 523 
Methylanune uranyl phosphate, 132 
Methylammomum uran>l tetrachloride, 89 
Mica, green, 1 

uranium, 2 

vtndis, 1 

Micaceous iron oro, 530 
Mi oolite, 6 


Mumstriu turn, iron, 791 

steel, 791 

Minora fuliginea, 140 
Minette, 530 
Mingueitc, 530 
Mispickel, 530 
Mixer- metal, 708 
Moirtsamte, 528 

Molj bdato permanganates, 336 
Molybdenum dimanganeside, 217 
I hemimanganefeide, 218 

j hoxamanganeside, 217 

magnesu. 140 

i manganese allots, 217 

I manganeside, 217 

l - )iermanganites, 280 

- steel, 752 

-- tetramanganeside , 217 

- - uranium aliens. 36 
! Molysite, 530 

Monazitc, 6 
Mnmmnlite, 150 
Monouranat>es, bl 
Moorcite, 42 1 

- 5 , 423 

Mora\ i tc, 530 
Moronolite, 530 
Mossitc 530 
Mottled pig iron 59b 
Mullen te, 630 
Muridic, 530 

X 

Nn»gito 5 
XarKarsukitc 330 
Nosturan, 5, 50 
Natrojarosito, 630 
Nntrophilitc, 149 454 
\< < die ironstone, 5 10 
Nco(l> miiim manganous inflate, 44b 
|M»rrlicnate, 477 
tnnranatc, 67 
Nentor it« , 150 
Niptuiute, 150, 530 
IS eu maim s hands, 893 
figuies, 892 
Iamellfe, 892 
linos, 892 
Newkirkilo, 238 

Nu ki I amminopermanganati , 336 
autunite 136 

hcxaiuminojterrhcnafe, 177 
lw xaporrnanganitc. 280 
manganic |>entafluoride. 34b 
manga rate, 243 
pentapenmanganite, 280 
perrhenate, 477 

- pentahvdratcs 477 
te trailed rate, 477 
peruranate, 73 
pyridmopermanganate, 336 
steels, 751 

tetramminopcrrlicnate, 477 
uranate, 64 
Niohitc, 530 
Nivemte, 5, 50 
Nohlite, C 
Nontronite, 530 
NoidmarkiLc, 530 
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Norlu add, 490 
Normal steel, 070 
Normalgluhen, 67* 

O 

Oehra cobalt nigra, 260 

Ochre, 530 

Octaliedrite*, 528 

Octibbehite, 530 

Oligonite, 150 

Oligouderitoii, 523 

Olivine, 530 

Ondonique, 853 

Onegite, 530 

Open-hearth steel, 653 

Orangitc, 0 

Orileyite, 530 

Orthitc, 0 

Orthoehlorite, 530 

Orthomanganous arid, 231 

Osannite, 530 

Osmondite, 641 

Osmund funiacc, 582 

Ottrolite, 150, 530 

OiiHtito, 267 

Oxalite, 530 

Oxychlorides, 380 

Oxyde manganese argentin, 266 

Oxygen -iron-carbon, 621 

, _ _ -hydrogen system, 630 

- - hydrogen-carbon system, 630 
• system, 019 
( )xy hu I pliof Kjrrhrna tes, 4 HO 


P 

Paeite, 530 
Palaite, 452 

tetrahydrutc, 452 

Pallaaites, 523 

I’arachrosbaryt isometrim-her, 432 

makrotvper, 432 

Paravauxit-e," 530 
Parsonite, 5, 136 
Partachinite, 150 
Patenting steel, 691 
Patternonite, 630 
Pearlite, 799, 848 

granular, 847 

sorbitic, 847 

Pearl iti zing, 673 

Pearly constituent of steel, 848 

Pcehblendo, 1 

Felagite, 130 

Pelharmte, 630 

Peloconite, 150 

Pelokoniie, 266 

Pennine, 530 ■ 

Pentlandito, 530 
Perdiuranic acid, 71 
Permanganates , 301 
Permanganic arid, 281, 291, 293 

anhydride, 2112 

Permanganates, 241, 267, 275 
Permonouranio acid, 71 
ferewskyn, 453 
Porrhonates, 476 
Pcrrhenic acid, 474 
anhydride, 473 


Pcrurunates, 09 
Peruran ic acid, 71 
Peeillito, 230, 266 
JVzzi fusi dighisa malleabile, 709 
Pharmaco-fiiderito, 530 
Fhillipite, 530 
Phosphoferrite, 530 
Pliospliophyllilc, 530 
PlinsphoreHcence spectrum, 19 
Pliosphorgummitc, 52 
PhoRphorus, 528 
Phosphosideritc, 630 
Phosphouranylite, 130 
F > hoHplmran 3 'lito, 5 
Ph\ Hite, 150 
Picite, 530 

Fiedmontitc, 148, 150 
Tig- hoi ling, 636 
- - -iron, 500, 708 

all mine. 708 
basic, 700 
Bessemer, 709 
chill- cast, 596 
cinder, 708 
hematite, 708 
- machine east, 596 
phosphoric, 709 
1 sand -cant, 596 

1 -moulds, 708 
I Pigs, 596, 597 
1 Pilbarito. o 
1 Pinakioldc, 150 
Pingmte, 530 
Pisimilo, 530 
! Pisi'kitp, 6 
1 Pistomchitc, 530 
' Pitchblende, 1, 5, 19 
i IMt icile, 530 
1 Pit finite, 5. 52 
| Plagiocitrite, 530 
Plan of err itc, 530 
j Plate ii on* 709 
| Platinum pcrinanganitc, 280 
| Plessitc, 528 
, Plinthite, 530 
, Phiinhofcrrite, 530 
PluinbojnroHitc, 530 
Plumbomanganitc, 150, 397 
Pohamtc, 150, 245 
Polyadolphite, 150 
i Poly erase. 5 
PoIy^^crfnanganit4'» , , 274 
PolysidcritcH, 523 
Poly uraiiates ( 65 
Ponito, 433 

Potassium ammonium uranyl trimilphatc, 
108 

autunite, 1 35 

clilornmanganitc. 380 

- chlororhenato, 479 

. — robaltic boxamminochlorodipcrinan- 

ganate, 330 

d ihy dromanganidiort hophosphat c ,461 

- dimangAiicsc oxyortofluorido, 347 

- dipermangamte, 275 

diuranato, 66 

hexahydrate, 66 

trihydrato, 66 

diuranyl enneafluoride, 79 

heptafluoride, 79 
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Potassium dummy 1 Insulphate, 110 

dotncontapermaagamte, 276 

fluomangamte. 347 

hexadecapermangamte, 276 

— hexauranat-e, AH 

docahydratc, 68 

hexahydrate. 68 

— hydro xylamine h\ drouranate, 62 

— — magnesium manganous sulphates, 423 
mangsnate, 283 

raanganatopermanganatc, 331 

manganese dodecac blonde, 370 

— liexachlondc, 380 

hexafluoride, 347 

o< tofluoride, 347 

- oxvtetrafluonde, 347 

— manganic alum, 430 

let rat obi lr\ d rate, 430 

— henicosiRiilphate, 431 

— - pentachlonde, 379 

— - pentafluoude, 345 

pyrophosphate, 4«2 

— pentahydrate, 4b3 

— - - - trihydrate, 463 

— — tctraaulphate, 430 

— manganous bromide, 383 

— carbonate, 439 

— - - dimetapliosphate, 438 

dundphate, 418 

— — dihydrate, 418 

— hexahydrate, 4JP 

tetrah\drate. 419 

fluoride, 343 

— - — hexar blonde, 367 

hexaraminot nc blonde, 366 

— nxytrumlphate, 420 

phosphate, 454 

pyrophosphate, 457 

octohydrate, 457 

— — tetrac blonde, 367 

tetrasulphidi , 397 

- - trichloride, 866 

— d [hydrate d, 301* 

— trihydrodiphosphate, 434 

tnpyrophoaphate, 457 

- tnsulphatc, 120 

trisulphide, 397 

— octopermanganite, 27 6 

— pentapermangamle, 275 
permanganate, 303 

permonouranate , 73 

— tnhvdrate, 73 

perrhenate, 476 

jieruranato, 73 

— >— rhenato, 478 
rhenium bromide, 1H0 

— ehlonde, 480 

iodide, 480 

— — sulphoperrhenate, 480 

tetrauranate, 67 

t npermangan ite , 276 

- uranate, 63 

— — uranium hydroxyduiulphotetrauranate, 

97 

— - hydroxyhydrodnmlphotetrauran 

ate, 97 

oxyoctofluonde, 77 

— peroxyfluonde, 79 

, .red, 97 

• uranous diphosphate, 130 


Potassium uranous fluoride, 18 

hexabromide, 92 

hexachlonde, 83 
— — - octophosphate, 130 

penlafluonde, 74 

- triphosphate, 1 30 

tnsulphate, 103 

- - urany] carbonate, 17 

r blonde, 17 
fvamde, 18 
disutphale, 109 

dihydrate, 109 
tnhvdTate, 109 
fluonde, 16 
hexafluoi ide, 79 
pentafluonde, 78 
phosphate, 132 

— tnh\drate, 132 
pyrophosphate, 133 
sulphate , 17 
tetrabromide, 91 
tetrachlonde, 90 

— dihy drate 90 
tnrarbonate, 114 
trinitrate, 126 
tnsulpbate, HO 

/inc manganous sulphate 423 
Puulad jauher der, 853 
Praseodymium manganous nitrate, 446 

- tnuranate, 67 
Pnonte, 5 

Pror hloritc , 530 
pMoudobrookile, 530 
Pseud ogalona mgia < ompac (a, 1 
put a, 1 

Pseudo tnph\lit< , 463 
Pnilnmolanc, 150, 265 
Purldlt ore, 530 
Puddled bars, 637 
Puddlen* c andles, 0.16 
Puddling, 636 
dry 636 

wet, 036 

Purple ore, 637 
Purpunte, 150, 461, 5,10 
P\ i idmo i hloroinanganit* J79 
- manganic pentac blonde, 379 
Pyroaurite, 530 
P\rncliroit<» 150 
Pvrolusite, 150, 245 
Pyrnphanite, 150 
Pyrophonc iron, 768 
Pyrosmahte, 150 
Pyrouramu acid, 58 
P>roxlente, 530 
Pvroxmangite, 150, 530 
Pyrrhotite, 530 

Q 

Quamdinium uranium tetrac arbonatc, 1 

Quenching, 675 

Quenaelite, 150, 242 

Quenstedtite, 830 

Quetenite, 530 

Quinoline manganic pentachlonde, 370 
R 

Rabdiomte, 267 
Itoppente, 150 
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Raftneradtiern, 700 
Raaoieite, 284, 266 
Ranciorite, 160, 234, 266 
Rancierto, 160 
Randite, 6, 115 
Rauvite, 5 

Recrystallizatlon, iron, 903 

steel, 003 

Red fossil ore, 530 

haematite, 530 

ochre, 530 

sine oxide, 1 50 

Reddingite, 150, 448 
Reinite, 530 
Keissacherite, 150, 267 
Renardite, 5 
Retzian, 150 
Rhabdito, 528, 530 
Rhenates, 478 
Rlienic acid, 478 

- - — anhydride, 478 
Rhenium, 465 

. — analytical road ions, 472 
atomic weight, 472 
■ bromide, 479 

- compounds, 472 
dioxide, 478 

- dihydrate, 478 

- dinelonide, 480 

- - disulphide, 480 

— electronic structure, 472 

- - — hemihcptasulphide, 480 
— — heptarhloride, 479 

heptoselenide, 481 

heptamilphide, 480 

- heptoxide, 473 

• - hexar Monde, 479 
- iodide, 479 

- - - isolation of, 467 

- — isotopes, 472 

- - occurrence, 466 

— pontoxide, 477 
porrhenate, 478 

- - - jtotasmum bromide, 480 

- — — chloride, 480 

- - iodide, 480 

properties chemical, 471 

physical, 469 

- rhenate, 478 

- sulphate, 479 

-* - tetrachloride, 479 

- - letroxide, 472 

tKallous bromide, 480 

chloride, 480 

trioxido, 477 

trisulphide, 480 

tritoditungatido, 472 

tungsten alloys. 472 

Rhodoohrosite, 150, 432 

zinc, 433 

Rhodonite, 150, 530 
Rhodusite, 530 
RhOnite, 530 
Rhoraboclase, 530 
Riohellite, 530 
Riohterite, 150, 530 
Riebeokito, 530 
Rinneite, 530 
Risorite, 6 
Roemerite, 530 


Roepperite, 433, 530 
Rogersite, 5, 530 
Roheisen, 708 

entphoBphortes, 709 

graues, 708 

halbiertes, 708 

— weisses, 708 
Romanechite, 150, 266, 279 
Roscoelite, 150 
Hosenerita, 530 
Rosenspat, 432 
Rosenstiehrs green, 289 
Rothofltte, 150 
Rowlandite, 6 

Rubidium cliloromang&nite, 380 

— fluomanganite, 347 

— manganatc, 287 

manganic alum, 430 

penbachlonde, 379 

— fcetrasulphate, 430 

tetraeosihydrate, 430 

manganous disulphate, 420 

dihydrate, 420 

- — — - hexahydrate, 420 

tetrachloride, 367 

- - dihydrate, 368 

- - — trisulphatc, 420 
permanganate, 331 
perrhenatc, 476 

- uranate, 63 

uranium oxyoctofluoride, 77 
uranous hexochloride, 83 
uranyl chloride, 17 

— disulphate, 110 
hexafluoride, 79 
Bulphate, 17 

tetrachloride, 90 

trinitrate, 126 

— triHulphate, 1 10 
Kiibmglnnmcr, 530 
Rubnte, 530 

Ruddle, 530 
Kumfito, 530 
Rutherfordine, 5 
Kutherfordite, 113 


8 


Salmi te, 150 
Salmonsito, 530 
Salvadorite, 530 

Samarium manganous nitrate, 446 

Samarskite, 5 

Samiresite, 5 

Sammet- blende, 530 

Sand-cast pig-iron, 596 

Sapo vitriariorum, 140 

Sarcopside, 530 

Sarkinite, 150 

Savon des verriers, 140 

Scaccliite, 150, 348 

Schafarzikite, 530 

Schefferite, 150 

SchmiedeiBen, 709 

Schoepite, 5, 59 

Schokoladenstein, 433 

Sohreibersite, 528, 531 

Schr6ckingerite, 115 

Sohrftckingite, 5 
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ftchucliardtite, 531 
Rchweissstahl, 710 
Scorodite, 531 
Scythian iron, 4911 
Seamanite, 150, 451 
Seasoning steel, 6B0 
Segregation, dendritic, 867 

figures, 890 

intercrystalline, 887 

Semi-steel, 711 
Sensite, 150, 531 
R*randite, 160 
Shining ore, 531 
Sicklerite. 531 
Sider-plesite, 531 
Siderasote, 531 
Siderites, 523, 531 
Sideroohrome, 531 
Siderofernte, 522, 531 
tiiderolita, 523 
Sidorohthites, 523 
Sideronatritc, 531 
Sideropliy re, 523 
Sidorotilr, 531 
Siemens-Martin steel, 053 
Sienna, 531 
Silfbergite, 150 
Silicates, 52K 
Silieomonganese, 194 
Kiliron, 528 

— -copier- manganese alloys, 213 
steel, 752 

Silirospicpcl, 194 
Silver chlororhenatc, 479 

— -copper-manganese allots, 205 
decapcrmangamte, 270 

— rliamminopermanganate, 335 
diuranate, 60 
hemimang&nesidc. 204 
heptapennangamte, 270 
mangannto, 288 
-manganese alloys, 20 1 

-aluminium alloy*, 215 

— - manganic pentafluondo, 340 

pyrophosphate, 403 

- manganiferous ores, 150 

— mangamte, 242 
octopcrmangamte, 270 

— permanganate, 332 

— permangamte. 270 
— - perrhenate, 477 

pyridinopermanganat**, 333 
rhenate, 478 

triamminopermangauate, 333 

uranate, 63 

uranyl carbonate, 115 

* nitrate, 120 

Sipylite, 6 

Sitaparite, 150, 280, 531 
SjOgrufvite, 531 
Skeleton crystals, 886 
Skmnmatite, 160, 266, 531 
Sklodowskitc, 5, 52 
Slag, 592 

wool, 592 

SJavikite, 531 
Slip-bands, 895 
Hmidcsjem, 709 
Smith ore, 531 
Smitlisomte, 150 


I 


Soda-berzeliite, 150 
Soddite, 5. 52 

Sodium ammonium manganous pyrophos- 
phate, 457 
aut unite, 135 

calcium manganous ferrous phosphate, 

455 

dihydromanganidiorthophospbate, 461 

pentahydrate, 461 

— trihydrate, 461 

diuranate, 65 

- hexahydrate, 65 

- - dodecapermanganite, 275 

- - fluomang&nite, 347 
glycerylmanganite, 275 

- hexadecapermanganite, 275 
hydrnxylamine hydrouranato, 62 

uranate, 62 

manganate, 288 

decaliydrate, 288 

hexahydrate, 288 

tetra hydrate, 288 

manganic pentafluondc, 345 

pyrophosphate, 402 

manganous chloride, 306 

dihydrodiphonphate, 454 

— - dimctaphosphate, 458 

diorthophospliate, 454 

cnneadccasulphate, 417 

fluoride, 344 

heptasulphide, 396 
hexachlonde, 367 
octometaphosplmte, 459 
- oxytnsulphate, 418 
pentapyrophosphate, 457 

- - phosphate, 454 

pyrophosphate, 456 

hcmienneahydrate, 456 
tetralivdrate, 456 
sulphate, 416 

dihydratc, 416 
- - tetrahydrate, 416 
tetrasulpliatc, 418 

dihydratc, 418 

tetrasulphidc, 396 
tnbromido, 383 
trimotaphnsphato, 458 
triphosphate, 459 
trisulphidc, 397 
octo]*!rmangamtr, 275 
pcntapormangamle, 275 
pentauranate, 68 

dodacaliydrate, 68 

pentahydrate, 68 

pordiuranatc, 72 
permanganate, 302 
permonouranate, 71 

pentahydrate, 7 1 

perrhenate. 476 
poruranate, 72 

- rhenate, 478 

- trimanganouK tctrasulphate, 416 
triuranato, 67 

- uranate, 63 

uranium hydrowdisulphotetruurati 
ate, 97 

- jMToxy fluoride, 79 
pyrophosphate. 133 

- - - - -lid. 97 

- — uranous dioxyhcxachloridc, 85 
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Sodium uranous diphosphate, 12!) 

— — hexabroraide, 92 
hoxacliloride, 83 

octophosphato, 130 

pentafluoride, 75 

— triphosphate, 129 

— - uranyl carbonate, 17 

dUulphate, 109 

hexafluoride, 79 

— — metaphosphate, 18 

— - nitrate, 1 26 

— — - phosphate, 132 

- pyrophosphate, J32 

- — sulphate, 17 

- - tetrachloride, 90 
tricarbonate, 1 1 4 

— - tnfluondc, 79 

— - trisulphate, 10!) 

Noear pyrites, 531 

Solid solution**, N82 
Norbito, 846 

— - lamellar, 847 
Sorbitizmg, 673, 091 
Soitccute, 531 

Now, 597 

Npandite, 150 

Spartaite, 150 

Spathic ore, 531 

Specular iron ore, 531 

SjM'Mdartite, 150 

Sphtrio widen te, 531 

Sphalerite, 150 

Nphcnoclaae, 150 

Sphcnomaiigauitc, 240 

Splieroidization of graphite, 725 

Npiegclemen, 194 

Spinel, 150 

Spongy iron, 035, 767 

Sporadosidcntcs, 523 

Staboisen, 709 

Ktaohel, 646 

Stahl. 709 

Stahal, 646 

Ntahel, 646 

Stahl, 709 

Stiunerite, 531 

4laimente, 150 

St&l, 646 

italfl, 646 

Halle, 046 

ttannic manganous cliloricle, 370 

- hexabromide, 383 
Stannite, 531 

Stannous manganous chloride, 370 

permangamte. 279 

Ktasite, 136 
Ktassite, 5 
Staurolite, 150, 531 
Steutargilhte, 531 
Steel, 645, 646, 709 
abnormal, 675 
acid, 711 

- ageing, 680 
alloy, 711 
aluminium, 752 
annealing, 670 

- bar, 710 
basic, 711 
Bessemer, 648, 711 

- - acid, 649 


Steel, Bessemer, hash , 04U 

blister, 710, 752 

carbon, 711, 712 

-- — high, 712 

low, 712 

— —medium, 712 
- cast, 646, 711 

cellular structure, 821 

cement, 753 
cement bar, 710 
cementation, 730 
chromium, 752 
cold-working, 670 

— converted bar, 710 

— - crucible, 646, 710, 753 

— Damascus, 853 
dendritic structure, 672 
electric, 650, 7J1 
hardening, 670 

hot -marking, 070 
ingot, 710 
- manganese , 752 
manufacture, 045 
rmcruHtructuro, 791 
molybdenum-, 752 
nickel-, 751 
nomenclature, 707 

— normal, 675 

ojien -hearth, 653, 711 

— patenting, 691 

jicarly constituent of. 848 
pig and ore process, 653 

— Hcrap process, 653 
plastic, 710 
plated bars, 710 
puddled, 710 

hPUKonmg. 680 

Menu ,711 
shear, 710 

double, 710 
single, 710 

Siemens Martin h pint on*. 053 

silicon-, 752 

spec ml, 711 

spiing, 710 

tempering, 670 

Thoinas-tiilt hnst n process 652 
Thomas's piocess, 652 
titanium, 752 
tungsten, 752 
weld-, 710 
Sternlicrgite, 531 
Stibiatil, 150 
Stilpnomelanc, 531 
Strengite, 53 J 
Stnegovitc, 531 
Stngovite, 150 

Strontium diglj ters Ijkm manga into 278 
dipcnnanganile, 277 
diuranate. <10 
diurnnyl dicarbonato, 110 
heptapermangamte. 277 
mangnnatc, 289 
mangamtoinanganatc. 290 
manganous chloride, 30R 
— tetrabromides, 383 
pentaperrnangamto, 277 
permanganate, 334 
permangamte, 277 

— - m uimte, 63 
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Strontium 


uranium hydroxydisulphotetm* 
uran&te, $8 


*ndt 98 


uranou* diphosphate, 190 

hexachkrrfde, 89 

uranyl dihydro tetraphoaphate, 198 
oxytetraphosphate, 136 


Btitake, 683 
13 t uck of en, 683, 884 


Sulphouramc arid, 96 
Sulphur, 528 
Bussexite, 150 
Symplasite, 531 
Synadelphite, 150 
Synthetic iron, 635 
Syesiderolitee, 623 
Seechenyite, 531 
Ssmikite, 150, 402 


T 

Tackjem, 708 

grdtt, 708 

halfgrait, 708 

halfhwitt, 708 

hwitt, 708 

Tnnite, 628, 531 
Talc-chlorite, 031 
Tap-cinder, 638 
Tapiolite, 531 
Taramellite, 531 
Taranaki te, 531 
Tartalite, 531 
Tauriscite, 531 
Temper brittleness, 006 

colours, 698 

Tempering, 690 
Temperkohlc, 858 
Tephroite, 150 
Terrea cobalt fuligmea, 266 
Tetraethylammomum uranyl chloride, Hll 
Tetrahyd rated dodecamangan ite. 275 
Tetramethylammonium uranyl tetri* 
chloride, 89 
Tetraphylin, 453 

Tetrauranyl calcium tn carbonate, 115 
Thallic manganous octochlonde, 370 

pormanganite, 279 

Thai! mm- manganese alloy, 215 
ThallouA chloromangamte, 380 

- * manganate, 289 

- manganic alum, 430 

-- * — pentachloride, 379 
— — pentafluortde, 346 
— tetrasulphate, 430 

tetracosi hydrate, 430 

manganoflic tridecaflnoride, 346 
manganous disulphate, 424 
hexahydrate, 424 

- permanganate, 336 

- - perrhenate, 477 

rhenium bromide, 480. 

— - chloride, 480 
sulphoperrhen ate , 480 

- trioxysulphoperrhenate, 480 
uranate, 64 

- - uranyl disulphate, 1 10 

- sulphate, 17 

tricarbonate, 1 16 

trinitrate, 127 


Thomas* Gilchrist steel, 652 
Thorianite, 5 
Thorite, 6 

Thorium manganous nitrate, 446 
Thorogummite, 5, 52 
Thraulite, 531 
Thucholite, 6 
Thuringite, 531 
Tiegelflusastahl, 711 
Tin alloys, 216 

dimanganeside, 216 
manganeside, 216 

— — tetramanganeside, 2 1 6 
Titanic iron ore, 531 
Titanium steel, 752 

-- - -uranium allots, 38 
Toberite, l, 133 
Tobenuta, 1, 2 
Toddite, 5 
I Torhento. 5 
j Torbcmite, 5, 133 
j Tommnite, 433 
i Translation banding, 895 
* lines of, 895 
j Translations streifung, 895 
1 Trevonte, 531 

Tnnianganous sodium IHiRHulphate, 1 1 0 
j Tnmente, 150 

Trmictliylamme uranyl phosphate, 132 
1 Trimcthvlammoniiiiii uranvl tetrachlundi 
89 

Tnoxysulphoperrhenu and, 481 
I Tnphylin, 453 
Tnphylite, 150, 453, 531 
, Tnplite, 150, 531 
TnploirJite, 150, 455, 531 
I Tnpuhite, 531 
Trugente, 5 
Troilite, 528, 591 
Trumpe, 5H2 
1 Troostite, 15(1, 842 
| - -A, 844 

! Troostitmng, 673, 691 
] Tuarn, 587 
I Tue-iron, 587 
j Tuiron, 687 
Tungsten alloys, 218 

- - - pennangamtes, 280 

— steel, 752 

— - -uranium alloys, 38 
Turgite, 531 

Tuytore* 587 

TvAttad, 709 , 

Twinning, 891 1 

— annealing, 891 £ 

congenital, 891 

Twyer, 587 
Tyrite, 5 
Tysonite, 5 

Tyuyamuyumte, 5, 69 


V 

Udilevalite, 531 
Ulrichite, 5, 50 
Umber, 531 
Unghwarite, 531 
Uraconite, 5, 106 
Uranates. 60, 61 
UraablUthe, 106 
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Ustttgliminert 2 
Urangumml, 52 
Uramo acid, 58 

— hydrated, 59 

— oxide, 54 
Utranuute, 5, 49 
Uramsches Gummierz, 52 
— — Pittinerz, 52 
Uramte, 1, 2, 6, 133 

lime, 134 

Uranites spathosus, 2 
Uranium, 1 

amalgam, 38 

ammonium hydroxy dieulphotetrauran- 

ate, 97 

— - hydroxyhydrodisulphotetrauran 

ate, 97 

- oxytnfluonde, 75 

— — - tetrararbonate, 116 

analytical reactions, 32 

— atomic number, 36 

— weight, 36 

- barium hvdroxydisulphotetrauranalc, I 
98 

hydroxyhj drodisulphotetrauran | 
ate, 98 
bromides, 91 

— < ale lum lij droxy disulphotetrauranate, . 

98 1 

carbonates, 112 
r blondes, 80 
- colloidal, 13 

i op|>er allu> h, 38 
difluoride, 7.1 
dihydioctofluoudc , 70 
dihydroxide, 39 

— dioxide, 39 

— colloidal, 40 
d i hydrate, 41 

— mnnohydrate, 41 

- dioxytetrasulphide, 95 
dmulphato, 99 

— di hydrate, 99, 101 

— enneahydrate 100 

- heptahvdrato, 10 1 

hcx&liy drat*, 100 

odoliydrate, 100 

pentahydralc, 100 

— tetrahvdratc, 100 

tnhydrate, 10 1 

— disulphide, 94 
extraction, 8 

— fluorides, 73 

liemipentoxide, 39, 44 

— hemitnaluminide, 38 

hemitnoxide, 39 

— dihydrate, 39 

hydrate, 39 

hemitnaulphide, 94 

hexachlonde, 84 

hexafluoride, 75 

— - history, 1 

— — hydrazine hydroxy disulphotetrauran 
ate, 98 

— hydroxyhj drodisulphotetrauran 

ate, 98 

hydrodisulphate, 98 
hydroeulphatosulphatc), 98 

— * — iodides, 91 

iso butylalcosol, 13 


Uranium isolation, 10 

isotopes, 36 

- lithium pyrophosphate, 132 
magnesium alloys, 38 
manganese alloys, 218 
mercury alloys, 38 

- mica, 2, 133 

- — molybdenum alloys, 38 

- monosulphide, 94 
monoxide, 39 

- nitrates, 117 
occurrence, 3 

- ochre, 5 
oxide, 18 

- oxides, intermediate, 44 

lower, 39 

- oxychlorides, 85 
oxydifluonde, 75 

oxyfluondes, 73 

- oxysulphides, 94 

— oxytetrafluondo, 77 

- pentabromide, 92 
pentaclilonde, 83 
pentoxymtride, 62 
peroxides, 69 
phosphates, 128 

— phosphodecachlondc 84 

- physiological action, 32 

potassium h> droxy disulphotetrauran 

ate, 97 

hvdruxyhy drodisulphntetrauran- 
ate, 97 

- oxyoctofluorule, 77 

peroxyfluonde, 79 
properties, chemical. 10 

— physical, 14 
pyrophonc, 13 

quamdinium tetrararbonate, 116 
red, 9b 

rubidium oxy cm tofluonde, 77 
sesquioxide, 39 
sesquisulphide, 94 

- sodium hydroxy disulphotetrauranatc, 

97 

— l>emxyfluoride f 79 

pyrophosphate, 133 

strontium hydroxydisulphotetrauran 

ate, 98 
sulphates, 98 
sulphides, 94 

— tetrabromide, 82 
oefcohydrate, 92 

tetrachloride, 80 

tetrafluonde, 74 

tetraiodide, 93 

— tetroxide, 70 

dihydrate 70, 71 
hemienneahydrate, 70 
tnhydrate, 71 
titamum alloys, 38 
tnalumuudo, 38 
tnamminotetrachlonde 82 

- tnbromide, 91 
trichloride, 80 
trihydroxide, 39 
tmodide, 93 

— trioxide, 64, 58, 59 

— colloidal, 57 

— - dihydiate, 59 

— hemiheptahydrato, 60 
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Uranium trioxid^ hemihydrate, 58 

— mottohydmte, 68 

tritaoctuxide, 45 

~ tungsten alio)*, 38 
uses, jM 

— valeucv , 35 

— - -vanadium allots, 38 

yellow, 65, 60 

— — -sine allots, 38 
Uran molybdate, 5 
Uranniobite, 50 
Uranot hale i to, 5, 1 10 
Uranorhalait, 110 
Uranocirrite, 5, 136 
Utunooker, 106 
Umnokker, 52 
IVanophane, 5, 60 
Uranopihte, 5, 110 
Uranopitch blende, 5 
UranoBic oxide, 45, 4U 
dihydtnto, 40 
-- hexahvdrate, 46 

— hydiated, 46 

Unuiosp&thite, 136 
Uranospherite, 5, 67 
Uranoepimte, 5 
Uranotommte, 5 
Uranothaiiite, 5, 115 
U r&no thorite, 5 
Uranot lie, 5 
U rations acetate, 19 

— alkali carbonate, 1 1 2 
amminotctrac hloride, 82 
ammonium r arbonatc. 1 12 
- - hexaBulpliate, 103 
oxalatofluoncle, 74 
Uitrasulphatc, 103 
barium diphosphate, 130 

— hcxa< blonde, 83 
bromide, 18, 92 

< euum lit xac blonde, 83 
i ale nun diphosphate , 130 

— - hexa< hlonde, 83 
( arbonate, 112 

i hlonde, 18, 80 
dei oxytet i at hlonde, 85 
- dihy dropentasulphate, 103 
fhhydrotn sulphate, 103 
dioxytetrac hloride, 85 
fiuonde, 16, 74 

- monohydrate, 74 
hexoxy tetrasulphafce, 102 
hydronhosphate, 128 

— aihydrate, 1 28 

pentahydratc, 128 
hydroxide, 41 
lithium hexachlonde, 82 
lnetephosphato, 129 
nitrate, 19, 117 
ot toxytetrachlonde, 85 
orthophosphate, 128 

— tnhydrate, 128 
oxide, 39 

oxy phosphate, 128 

tetrahydrato, 128 

— - tnhydrate, 128 
oxysulphate, 102 

diliydrate, 102 

— — pen tali ydrate, 102 

— potassium diphosphate, 130 


U ran out potaaslum fluoride, 18 
liexabromide, 92 
hexachlonde, 89 
octophoephate, 130 
pehtafluoride, 74 
triphosphate, 130 
tnsuljphate, 103 
r pyrophosphate, 129 

- tnhydrate, 129 
rubidium hexachlonde, 83 

I sodium dioxy hexachlonde, 85 

I - - — diphosphate, 126 
I liexabromide. 92 

1 hexw hlonde, 89 

| top hosp hate, 130 

fientafluonde, 75 
; triphosphate, 120 

j strontium diphosphate, 130 

hexac blonde, 83 
I sulphate, 19, 99 

sulphide, 94 
tot i o\y tetrachloride, 85 
rxionohydrate, 85 
tridet ally drate, 85 
I tnoxypentastilphate, 102 

dec ahyd rate, 102 
dotm on tahydrat e, 102 
icosdn drate, 102 

1 j»entadecfth>drtttc, 102 

uranaUp 45 
Vranphyllile, 2 
Uramitriol, 106 
l lanvl aietatw, 18 

ammonium i arbonutc, 17 
chloride, 17 
(liaulphate, 10S 

— dihvdratc 108 
fluoride. Hi 
pontafluonde, 77 
phosphate 1.12 
potassium triHulphnte, 108 
sulphate, 17 
tctrabrotuidc, 93 
Utrac hlonde, 89 
rotianitrute, 125 
t ri( arbonatc, 113 
trinitrate, 125 

- tnsulphato, 108 
barium carbonate, 116 

pcntafUiondr, 79 
phosphate*, 136 

de<ah\dratc, 136 

— triderahydrate, 130 
sulphide, 96 

bismuth iodide, 91 
bromide, 17, 92 
— - heptahy drate, 92 

< admium nitrate, 127 

< ipsium chlonde, 17 
disulphate, 1 10 
sulphate 1 7 
tetrachloride, 90 
trinitrate, 126 

t at< turn d i car bon a to, 115 

doeahydrate, 115 
leosihydr&te, 116 
dioxvtetraphosphatc, 136 
hvdiophosphatc, 136 

- - dihydrate, 130 

- tetrahydrate, 136 
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Unnyl calcium hydrophoephatc. trihyrtrate, 
136 

pentafluoride, 79 

- phosphate, 18, 134 

sulphate, 1 10 

“ tetrac arhonate, 1 1 5 

carbonate, 1 1 2 

chloride, 1H, 86 
citrate, 18 

copper c ale uun r arhonate, 1 1 6 

— - phosphate, 1 33 

- - — sulphate, 110 

dacahydroxy tnc arbormte, U2 

chaniminobromuJe, 03 
diainininochlorule, 88 
charnmmodifhioridc, 77 
diamnunoiodido, 94 
diamniinomtrato, 121 

- diamuunosidphate, 107 
riihy diophoaphate, 131 
dihy droRulphatc . 107 
dihydrotrisulphute, 107 

dimethy lafmnonmvn tetrar hlonch 89 
duiitroxy liutrate. 124 
dioxy sulphate , 106 

dihvdmte, 106 

tetiadn ahyrirate, 100 
etbvlaminc phosphate, 132 
ethylenediairuiit < lilnnde SO 
dmulpliatc, 109 

nitrate, 120 

fluoride, 10, 76 
— di hydrate, 76 

formate, 18 

* guanidine di sulphate . 109 
hoxamminndu lilondc , S8 
hydrazine tetia< hlondt , ‘Mi 
hydro phosphate 1 10 

lit nueimeahydratc , 1 30 
hcimtnhvdr&tc 1 10 

- - hrpt&hvdrate, 131 

tctiahvdrate, 130 
tri hydrate, 130 
hydrotm blonde, 80 

- - inonoli\ diate, Ml 

- ti (hydrate, 80 

- hydroxide, 18, 68 

- - — colloidal, 59 

— hydroxy chloride, 80 
hydroxylanunc tetrar hlonde, 90 
iodide, 93 

- lead pentatiuorirh , 79 

- lithium disulphate, 109 

hoxafluoude, 79 

nitrate, 1 26 

phosphate, 1 32 

pyrophosphate. 132 

- ~ magnesium disulphate, 1 10 

sulphate, 1 7 

- - manganite, 280 

- - mercury nitrate, 127 

- - metaphosphate, 18, 131 

— methylamme phosphate, ] 32 

- mothylammofuum tetnu hlonde, 80 
nitrate, 17, 117 

— dihydrate, 118 

homi trihydrate, 118 

hexahydrate, 1 1 7 

— monohydrate, 1 1 8 
tet racosihydrate, 117 


Urany] nitrate, tetrahydral£, 117 

— tnhydrate. 1 1 7 

orthophosphate, 130 
owmotaphosphate, 131 
oxymtrate, 128 
oxvsiilphate, 100 

- phosphate, 18 
potassium carbonate, 17 

chloride, 17 

— — cyanide, 18 

disulphate, 109 

— dihydrato, 109 

tnhvdrate, 109 

fiuonde, 10 
hexafluoride, 79 
jjentafliioride, 78 
phosphate, 132 

tnhyrlrate, 132 
p\iophos)>hate, 133 
sulphate, 17 
tetrabromulo, 93 
tetrac lilon de, 90 

- - -- dill vdi ate 90 
tncarbonate, 114 
trinitrate, 120 
trisulphate, 110 

pyiophosphate, 131 
derail y drat c, 131 
emit a hydrate, J 3 1 
heptahydrate, 131 
pent adeeahyc Irate, 131 
tet rally drate, 131 
i ubidiuni r hlonde, 17 
disulphate, 110 
lie vafluondo, 79 
sulphate, 17 
tot rac hlonde, 90 
tiinitrntf, 12u 
tnsulphate, 110 
salts, 60 

silver laihonaic, 115 
nitrate, 126 
sodium c arhonate, 17 
disulphate, 109 
hexutiuondc , 79 
metapliosphate, 18 
nit rate, 126 
phosphate 132 
pv rophosphate, 132 

— - sulphate, 17 

trie arhonate, 114 
tnfluondo 79 
triBulphate, 109 

t tmntium dihy drotot raphosphate, 1 30 

— — ox y tot raphosphate, 136 

sulphate, 17, 103 

monohydrate, 104 

- tnhydiate, 104 

sulphide, 95 

tartrate, 18 

tetraot hylainmomum ehlonde, 89 
totramethylainiuoniuin tetrachloride, 
89 

tctramminobromide, 93 

letramminochlondo, 88 

totramnnnodifluorido, 77 
tetramminoiodide, 94 
totianumiiomtrato, 123 
tetianuninosulphate, 107 

— - totruphosphate, 132 
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TTiunyl thallom diiulpfagte, 1 10 

sulphate, 17 

tncarbonate, 118 

— trinitrate, 127 

tnammmobromide, 93 

— inaniminodifluoride, 77 

tnammmoiodide, 94 

tnamminomtrate, 123 

tnamminosulphato, 107 

tnmethylamme phosphate, 132 

tnmethy lammon turn tetrachloride, 89 

tnoxysulphate, 106 

uranate, 46 

— — vanadate, 69 
Urbam Uk 1 60 
UruBitd^Sl 


V 

Vallemte, 831 

Vanadium permanganite, 279 

- - uranate, 64 

- — uranium alloys, 38 
Varvacite, 246 
Varviute, 160, 246 
Vauxite, 630 
Venasquite, 531 
Verguten, 690 

Verwitterter Uran vitriol, 106 
Viellaunte, 433 
Vietinghonte, 6 
Violan, 150 
Vindite, 531 
Vlviamte, 531 
Vogliaiute, 5, 106 
Voghte, 5, 116 
Voltaite, 531 
Vonaopite, 531 
Vredenburgite, 160, 274, 571 


W 

Wackenrodite, 150, 267 
Wad, 150, 287 
Wallatahl, 710 
Wannebehandlung, 673 
Walpurgite, 5 
Washed metal, 709 
Water, chalybeate, 545 

ferruginous, 645 

steel, 545 

Weinbergente, 531 
Weld .eel, 710 
Wetieebto 150, 448, 531 
White ner** 'ast iron, 725 

iron pyrites, 531 

pig-iron, 598 

Widmanstatten figures, 888 

structure, 888 

Willeoxite, 531 
Willemifce, 150 
Winehite, 148, 150 
WiBente, 225 
Withaimte, 150 


Wolframite, 160, 681 
Wolf ionite, 242 
Wood iror ore, 631 
Woofcs, 668 
Woos, 663 

Wrought iron, 634, 709 


X 

Xantharsemte, 160 
Xantho-sidente, 531 
Xantholite, 531 
Xanthophyllite, 531 
Xanthoxemte, 531 
Xenotime, 6 


Y 

Youngite, 150, 397 
\ttnahte, 6 

Yttnum manganous nitrates, 446 
V ttrocrasite, 6 
Yttroereite, 5 
Yttrogummite, 5, 52 
Yttrotantahte, 6 
Yukomte, 531 


Z 

Zoment stahl, 753 
Zeunente, 5 

7inc ammonium manganous sulphate 427 

— blende, 150 

i opjier manganese alloy h, 207 
hausmanmte, 242 

magnesium manganous sulphate, 423 
manganese alloys, 206 
- - hy drocarbonate, 439 

— manganic pentafluonde, 316 
maugaiuferous ores, 15) 
mangamte, 212 
manganous c blonde , 369 
sulphates 423 

sulphide, 397 
pentapt rmangamte, 278 
permanganate, 335 
pe rmangamte, 278 
potassium manganous sulphate, 423 

— pyndinoperxnanganate, 335 

- — red oxide, 150 

— rhodochrosite, 433 

— tetramnunopermanganate, 335 

— tnpormangamte, 278 

- tntapermangamte, 278 

— uranate, 63 

— -uranium alloys, 38 
Zincite, 150, 531 
Zinkdibraunite, 267 
Zinkmanganerz, 267 
Zipputc, 5 106 
Zircon, 6 

Zirkelite, 5 
Zwieselite, 531 
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